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Abstract

A Power quality problem is an occurrence
manifested as a nonstandard voltage, current or
frequency that results in a failure or a mis-operation
of end user equipments. The issue of power quality is
going to take newer dimensions. In developing
countries like India, where the variation of power
frequency and many such other determinants of
power quality are themselves a serious question, it is
very vital to take positive steps in this direction.

This present work describes the techniques of
correcting the supply voltage sag, swell and
interruption in a distributed system. At present, a
wide range of very flexible controllers, which
capitalize on newly available power electronics
components, are emerging for custom power
applications. Power electronic-based equipment
aimed at enhancing the reliability and quality of
power flows in low voltage distribution networks.
Among these, the distribution static compensator and
the dynamic voltage restorer are most effective
devices, both of them based on the VSC principle. A
DVR injects a voltage in series with the system
voltage and a D-STATCOM injects a current into the
system to correct the voltage sag, swell and
interruption. The reliability and robustness of the
control scheme in the system response to the voltage
disturbances due to system faults or load variations
is obviously proved in the simulation results.

Keywords: D-Statcom, DVR, voltage dips, swells,
power quality.

1. Introduction

In the power system, the major power quality
problems are poor load power factor, harmonic
contents in loads, notching in load voltages, DC
offset on load voltages, unbalanced loads, supply
voltage distortion, voltage sag, & voltage swell. One
of the most common power quality problems today is
voltage sag. Voltage sag is a short time event during
which a reduction in R.M.S. voltage magnitude
occurs. It is often set only by two parameters,
depth/magnitude and duration. The voltage dip
magnitude is ranged from 10-90% of nominal voltage
(which corresponds to 90-10% remaining voltage)
and with a duration from half a cycle to 1 minute. In
a three-phase system, the voltage sag is by nature a
three-phase phenomenon which affects both the
phase-to-ground and phase-to-phase voltages. The
faults are single-phase or multiple-phase short-
circuit, which leads to high currents. The high current
results in a voltage drop over the network impedance.
Voltage dips are one of the most occurring power
quality problems. Off course, for an industry an
outage is worse, than a voltage dip, but voltage dips
occur more often and cause severe problems and
economical losses. Utilities often focus on
disturbances from end-user equipment as the main
power quality problems[1].

The introduction of FACTS has given the new
direction to the power system to solve the power
quality problems. At present, a wide range of very
flexible controllers are emerging for custom power
applications. The FACTS controllers like Static VAR
Compensator(SVC), Thyristor controlled switch
capacitor(TCSC), Thyristor controlled phase shifting
transformer(TCPST), STATCOM, Static
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Synchronous Series Compensator(SSSC), unified
power flow controller(UPFC), etc. are mainly used
controllers. Among these, the STATCOM is the most
effective device. The STATCOM is a shunt device &
based on VSC principle. The inverter circuit along
with interface transformers/inductors is called a
STATCOMI1][2][3].

2. Voltage Source Converters (VSC)
Based Controllers

A voltage-source converter is a power electronic
device, which can generate a sinusoidal voltage with
any required magnitude, frequency and phase angle.
The VSC is used to either completely replace the
voltage or to inject the ‘Dip voltage’. The ‘Dip
voltage’ is the difference between the nominal
voltage and the actual. The converter is normally
based on some kind of energy storage i.e. capacitor,
which will supply the converter with a DC voltage.
The solid-state electronics in the converter is then
switched to get the desired output voltage. Normally
the VSC is not only used for voltage dip mitigation,
but also for other power quality issues, e.g. flicker
and harmonics.

A. Shunt voltage controller [Distribution
Static Compensator (DSTATCOM)]

The D-STATCOM  (Distribution  Static
Compensator) configuration consists of a VSC, a DC
energy storage device; a coupling transformer
connected in shunt with the ac system, and associated
control circuits. Fig. 1, shows the basic configuration
of D-STATCOM. Here, such device is employed to
provide continuous voltage regulation using an
indirectly controlled converter. Suitable adjustment
of the phase and magnitude of the D-STATCOM
output voltages allows effective control of active and
reactive power exchanges between the D-STATCOM
and the AC system.

The VSC connected in shunt with the AC system
provides a multifunctional topology which can be
used for up to three quite distinct purposes: 1)
Voltage regulation and compensation of reactive
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power, 2) Correction of power factor, 3) Elimination
of current harmonics[1].

Figure 1 shows the shunt injected current I,
corrects the voltage sag by adjusting the voltage drop
across the system impedance Zy,. The value of Iy, can
be controlled by adjusting the output voltage of the
converter.

The shunt injected current Iy, can be written as,

Ish: IL* Is

e Sesitive Load

Distribution Bus
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w
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Figure 1. Basic configuration of D-STATCOM

It is mentioned that the effectiveness of the
STATCOM in correcting voltage sag depends on the
value of Zy, or fault level of the load bus. When the
shunt injected current Iy, is kept in quadrature with
V| the desired voltage correction can be achieved
without injecting any active power into the system.
On the other hand, when the value of Iy, is
minimized, the same voltage correction can be
achieved with minimum apparent power injection
into the system.

Simulation of D-STATCOM and Result

Fig. 2 shows the test system implemented in
PSCAD to carry out simulations for the D-
STATCOM.

A two-level D-STATCOM is connected to the
tertiary winding to provide instantaneous voltage
support at the load point. The capacitor on the dc side
provides the D-STATCOM energy storage
capabilities. The set of switches shown in Fig. 3 were
used to assist different loading scenarios being
simulated. To show the effectiveness of this
controller in providing continuous voltage regulation,
simulations were carried out with and without D-
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STATCOM connected to the system. A set of
simulations was carried out for the test system shown
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Figure 2. Schematic model of D-STATCOM
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Figure 3. Variation of sensitive load rms voltage: (a)
without D-STATCOM, (b) with D-STATCOM

B. Series voltage controller [Dynamic
Voltage Restorer, (DVR)]
The DVR is a powerful controller that is

commonly used for voltage sags mitigation at the
point of connection. DVR is connected in series with
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the protected load as shown in Fig.3. Usually the
connection is made via a transformer, but
configurations with direct connection via power
electronics also exist.

The VSC generates a three-phase ac output
voltage which is controllable in phase and magnitude.
These voltages are injected into the ac distribution
system in order to maintain the load voltage at the
desired voltage reference. The converter generates
the reactive power needed while the active power is
taken from the energy storage.

From power to load
grid
g LAAAS
. T energy
DVR - storage

Figure-4. Basic configuration for a DVR.

The apparent power of DVR is:
Sipve =1L Vipw

= ][_J\f’]'_ + Vi — 2V, Vcos(B, —8)
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And the active power of DVR is:

Pwg =1 (V cosB —V,cosb)

Simulation of DVR and Results

The modulated signal meml is compared against

a triangular signal in order to generate the switching

signals for the VSC valves. The main parameters of
the sinusoidal PWM scheme are the amplitude
modulation index of signal, and the frequency
modulation index of the triangular signal.
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Figure 5. Schematic diagram of DVR

Fig. 5 shows the test system used to carry
out the various DVR simulations presented in this
section. The DVR coupling transformer is connected
in delta in the DVR side, with a leakage reactance of
10%. A unity transformer turns ratio was used i.e. no
booster capabilities exist. The capacity of the dc
storage device is 5 kV. Two simulations are carried
out as follows:

1) The first simulation contains no DVR and various
faults is applied at point A, via a fault resistance of
0.35 Q, during the period 300-600 ms. The voltage
sag at the load point and the variation of load rms
voltages for various faults are presented in Figures .
2) The second simulation is carried out using the
same scenario as above but now with the DVR in
operation[2][8].

a.) Voltage sags

A case of Three-phase voltage sag was simulated
and the results are shown in Fig. 6. Figure 6a shows a
50% voltage sag initiated at 100 ms and it is kept
until 300 ms, with total voltage sag duration of 200
r.m.s. Figure 4b and c¢ show the voltage injected by
the DVR and the compensated load voltage,
respectively. As a result of DVR, the load voltage is
kept at 1 p.u. throughout the simulation, including the
voltage sag period. Observe that during normal
operation, the DVR is doing nothing. It quickly
injects necessary voltage components to smooth the
load voltage upon detecting voltage sag [2][8].
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Figure 6. Three-phase voltage sag; (a): Source voltages,
(b): Injected voltages; (c): Load voltages

b.) Voltage swells

The performance of DVR for a voltage swell
condition was investigated. Here, the supply voltage
swell was generated as shown in Fig. 6a. The supply
three-phase voltage amplitudes were increased about
125% of nominal voltage. The injected three phase
voltage that was produced by DVR in order to correct
the load voltage and the load voltage are shown in
Fig. 6b and c, respectively. As can be seen from the
results, the load voltage was kept at the nominal
value with the help of the DVR. Similar to the case of
voltage sag, the DVR reacted quickly to inject the
appropriate voltage component (negative voltage
magnitude) to correct the supply voltage[2][8].

CONCLUSIONS

This paper has presented the power quality
problems such as voltage dips, swells and
interruptions,  consequences, and  mitigation
techniques of custom power electronic devices DVR,
D-STATCOM, and SSTS. The design and
applications of DVR, D-STATCOM for voltage sags,
interruptions and swells, and comprehensive results
are presented. Also it is presented electromagnetic
transient models of power electronic based
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equipment D-STATCOM and DVR and their power
quality  characteristics  were  studied.  This
characteristic makes it ideally suitable for low-
voltage custom power applications. The simulations
carried out showed that the DVR and DSTATCOM
provide excellent voltage regulation capabilities. It
was observed that theirs capacity for power
compensation and voltage regulation depends mainly
on two factors: the rating of the dc storage device and
the characteristics of the coupling transformer. These
two factors determine the maximum value of sag
mitigation that the DVR and DSTATCOM can
provide.
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