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Abstract- A distribution network of power system comprises of
nonlinear load which affects the power quality by giving rise
to many issues such as waveform distortion, voltage
variations, flickers etc. A distribution static compensator was
introduce recently to compensate such nonlinear load at
distribution side. Further, many of researchers go through
various topologies of DSTATCOM to improve performance
and to reduce size, switching losses, power rating and etc.
This paper reviews the hybrid DSTATCOM topology in which
a series capacitor is added with coupling inductor to reduce
DC link voltage rating without compromising the
compensating performance. With reduce DC link voltage, the
average switching frequency (ASF) of power electronic
devices reduces and gives better reference tracking
performance. With reference to hybrid topology the detailed
survey for proposed entitled work is carried out in this paper.
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1. INTRODUCTION

The poor power quality results in failure or
misoperation of electrical equipment or machines which adds
economic burden on consumer and ultimately it affects the
productivity and growth of any nation. So as to resolve power
quality problems a passive components like static capacitors,
passive filters were used recently. But it has many drawbacks
such as fixed compensating performance [1]. The
development in power electronic devices (PEDs) provided a
wide scope for Flexible AC transmission system (FACTS)
controller. The improved switching performance with required
rating is one of the development in PEDs. The proper
arrangement of such PEDs and DC storage element such as
capacitor forms voltage source converter (VSC). The
application of such VSC based arrangement through coupling
inductive element at PCC (point of common coupling) forms
FACTS controller termed as DSTATCOM [2-8]. It injects
harmonic and reactive components of load current in the PCC
to make source currents and voltage balance and sinusoidal.
The traditional DSTATCOM topology uses high rated VSC.
The rating of VSC is directly proportional to the DC link
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voltage [9]. With increase in DC link voltage the power rating
of VSC increases with increase in rating of PEDs, which
makes it heavy, costly and oversized. Also the inductor is used
to form L-type filter interface with PCC in traditional
DSTATCOM topology for making the injected component
sinusoidal which, in turn, has low slew rate for reference
current tracking. It causes the large voltage drop across
inductor and hence the higher value of DC link voltage is
required to achieve better compensation. This will again adds
in the cost, size and rating of L-type interfaced inductor [10-
11] and [13].

To achieve satisfactory compensation the value of C
link voltage should be maintained at much higher value than
the Peak value of phase voltage (in three phase four wire
system) or phase voltage (in three phase three wire system) [2]
and [12-15]. Hence, based on the applications many
researchers have used higher value of DC link capacitors for
their study.

In this paper, a new DSTATCOM topology with
reduced dc- link voltage is proposed. The topology consists of
two capacitors: one is in series with the interfacing inductor
and the other is in shunt. The series capacitor enables
reduction in dc-link voltage while simultaneously
compensating the reactive power required by the load, so as to
maintain  unity power factor without compromising
DSTATCOM performance. The shunt capacitor, along with
the state feedback control algorithm, maintains the terminal
voltage to the desired value in the presence of feeder
impedance.

11. CONVENTIONAL AND HYBRID DSTATCOM
TOPOLOGY

The neutral clamped voltage source converter (VSC)
topology based DSTATCOM is considered as conventional
topology for the study [12]. The power circuit for

conventional topology is shown in figl. Here, Vea, Van and
Vee are the voltages of source of phases ab and c,

respectively. The terminal voltages at PCC are Vea, Viz and
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Vee with respect to phases a, b and c, respectively. The
respective phase source currents are represented by Lea, Lap

and Lsc. Similarly, Lia, s and Lic are the load currents and
Ealeb and e are the shunt active filter currents. The current
in the neutral leg is represented by Lp. The feeder inductance
(Lg) and resistance (Rg) with interfacing inductance (Lf) and

resistance (Rf) are shown in circuit of fig 1. This topology
uses two dc storage devices. Also in this topology each leg of
VSC can be controlled independently. As compared to other
VSC topology the current tracking is smooth with less number
of switches [16]. Proper design of VSI gives better tracking
performance, so the most important parameters such as DC

link voltage (Vzc), DC storage device (Lzc), interfacing

inductance (Lf) and switching frequency (fm‘) must be taken
into consideration while designing conventional VSC. Author
in [17] gives the detailed procedure of VVSC design.
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Figure 1. Neutral clamped VSI- based conventional
DSTATCOM Topology
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Figure 2. Neutral clamped VSI- based Hybrid DSTATCOM
Topology

Fig. 2 shows the equivalent circuit of the proposed
neutral clamped VSI topology-based DSTATCOM. 1t is a
combination of the conventional DSTATCOM topology with
a capacitor Cf in series with the interfacing shunt branch of the
active filter and a capacitor Csh in shunt with the active filter.
This topology is referred to as hybrid topology. The passive
capacitor Cf has the capability to supply a part of the reactive
power required by the load, and the active filter will
compensate the balance reactive power and the harmonics
present in the load. The addition of capacitor in series with the
interfacing inductor of the conventional topology will
significantly reduce the dc-link voltage requirement and
consequently reduces the average switching frequency of the
switches. This concept will be illustrated with analytic
description in the following section. The shunt capacitor Csh
largely eliminates the switching frequency components of the
VSI in the terminal voltages and source currents using state
feedback control. The design of the series capacitor Cf and the
shunt capacitor Csh have significant effect on the performance
of the compensator [12]. The parameters chosen for
conventional VSC topology in this study by [12] are based on
following expressions.

The value of DC storage device i.e DC link capacitor

is given by,
X
B (zx - f) nT
de —
[1.8ijz — [1.41«""1]3 (1)
Where,

I/,= Peak value of source voltage.
X=the kVA rating of system.
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+1= number of cycles.
T'= the time period of each cycle.

, _ LV,
T . @)
Where,
3
_ e @ X
*\Jl kz 4mzfsumx
Where,
1 4)
" = ;
W 1- fsw“miﬂ "ffsumx

k, &k, =Proportionality constants.

Fewrmaz = Maximum switching frequency

Fovomin = Minimum switching frequency

The DC link voltage reference (Vy.,..r) of

conventional VSI topology taken as 1.6, for each capacitor
[16-18]. Using instantaneous symmetrical component theory
the reference currents are generated [12] and [18]. Also the
control circuitry is simple for this topology as on three
commands for switching are generated along with the
complementary signals to control all switches of converter
[12].

111. PERFORMANCE ANALYSIS

The author [12] carried out simulation using a power
systems computer-aided design (PSCAD) simulator. The
results are plotted and discussed in [12]. In this section the
theoretical and comparative analysis between traditional or

conventional DSTATCOM  topology and  Hybrid
DSTATCOM topology is discussed.
Before compensation, the load currents are

unbalanced and distorted; the terminal voltages are also
unbalanced and distorted because, these load currents flow
through the feeder impedance in the system.

When the DSTATCOM using conventional topology
is used for compensation, the source get balanced and
sinusoidal. But these currents contain the switching frequency
of the inverter. The dc-link voltage across both capacitors is
maintained constant to the reference value.
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With the compensation using hybrid DSTATCOM
topology the dc-link voltage is found to be decreased than that
of conventional topology. In hybrid topology, the peak to peak
voltage across inductor is far lower than the voltage across the
inductor using the conventional topology. As the voltage
across the inductor is high in case of the conventional
topology, the rate of rise of filter current dif /dt will be higher
than that of the proposed topology. This will allow the filter
current to hit the hysteresis boundaries at a faster rate and
increases the switching, whereas in hybrid topology, the
number of switching will be less. Thus, the average switching
frequency of the switches in the hybrid topology will be less
as compared to the conventional topology. Since the average
switching is less, the switching loss will also decrease in the
hybrid topology. One more advantage of having less voltage
across the inductor is that the hysteresis band violation will be
less. This will improve the quality of compensation and total
harmonic distortion (THD) will be less in the hybrid topology.

IV. CONCLUSION

A hybrid DSTATCOM topology has been discussed
in this paper, which has the capability of compensating the
load at a lower dc-link voltage under nonstiff source.
Theoretical comparative studies are made for the conventional
and hybrid DSTATCOM topologies. From this study, it is
found that the hybrid topology has less average switching
frequency, less THDs in the source currents and terminal
voltages with reduced dc-link voltage as compared to the
conventional DSTATCOM topology. So, by making further
modifications and hybridization in hybrid DSTATCOM
topology may give better results in future.
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