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Abstract
Recently with the progression of distributed generation, the power system needs flexible control of power transfer, better power flow control and improvement of transient stability. Additionally for improving the reliability of power system
networks, using various protection strategies, power electronic switches are widely used to include new control strategies
for improvement of quality of power. Cascaded multilevel inverter based STATCOM with higher bandwidth are now thus
more efficient for minimizing voltage fluctuation, flicker mitigation, better reactive power compensation as well as stability
enhancement. In our paper a three level twelve-pulse VSI based STATCOM is proposed in a distribution system for analyzing its effect on voltage profile as well as reactive power compensation under three phase fault condition. The proposed
method for controlling the Statcom clearly shows that by proper utilization of the Statcom in our distribution system, voltage profile across the various types of load improves effectively under three phase fault condition and thus sustainability
of the overall system will also improve. The output results show that the value of THD across different load voltages, e.g,
FFT analysis of output voltage across STATCOM in the branch with fault (THD = 4.26%) has been shown. Additionally, FFT
analysis of output voltage across Fixed Load (THD = 5.53%), Variable Load (THD = 2.76%), and Fixed Load current (THD =
2.85%) are within the acceptable limits and thus showing its well effectiveness in our proposed control strategy.
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1. Introduction
Nowadays, medium-voltage as well as low-voltage distribution systems supply power to various nonlinear loads
such as Electric Arc Furnace, single-phase A.C. traction
systems etc. These types of load may generate noise, distortion in the output voltage, unbalancing of the system and
instability.
For transmission and distribution networks, with the
increase of substantial power transfers, Available Transfer
Capability (ATC) should be sufficient enough to ensure
all cheap and economic transactions. Now with the capability of flexible power-flow control as well as high power
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Snehasish Pal (snehasish_pal@yahoo.co.in)

handling capability of FACTS devices results in reduced
switching power losses and THD. Additionally FACTS
concept makes it possible to use circuit reactance, voltage magnitude, and phase angle as controls to redistribute
line flow and regulate nodal voltage, thereby mitigating the
critical situation [1]. FACTS also can reduce a number of
potential problems like transient and dynamic instability,
sub-synchronous oscillations, voltage fluctuations as well
as voltage flickering.
By improving system stability through their rapidresponse capability, FACTS controllers in wide spread use
can also increase the overall capacity of a large transmission network by 20% or more [2].
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However, there are some drawbacks also in FACTS
technology like the size of the storage systems (particularly BESS) which may be high enough for application in
transmission and distribution systems. However multilevel inverter based STATCOM may offer better quality of
voltage profile decreased switching frequencies and minimization of stress in each power electronic switches.
While the SVC performs as a controlled reactive admittance, the STATCOM functions as a synchronous voltage
source, as its name suggests. With currently available highpower semiconductor devices, such as IGBTs, IGCTs and
ETOs (emitter turn-off thyristors), a STATCOM can switch
at several kilohertz and achieve a closed-loop bandwidth at
several hundred hertz; hence the response time is much less
than one cycle. The STATCOM can also provide real power
compensation if interfaced with an energy storage unit, all
of which are unattainable for SVC. With these benefits, the
STATCOM performs significantly better than SVC [3].
The advanced solution is the static synchronous
compensator (STATCOM) based on a high frequency
multi-level VSI.

2. Operating Principle of FACTS
Devices
In the interconnected electrical power system network, it
has been ascertained that the resistance of the transmission line is much smaller compared to the reactance and
the power flow obeys the Kirchoff ’s law. The active power
transmitted by a line between the buses i and j can be estimated by the following relationship:
			

Pij =

ViVj
Xij

sin δ ij 

4) STATCOM device has been chosen and located
optimally in order to control the power flows in the
power system network.
The essential component in a VSC based STATCOM are
GTO-VSC bridge (s), DC capacitor (c), working as an
energy storage device, interfacing magnetic forming the
electrical coupling between the VSC bridge circuit, AC
mains system and controller generating gating signals.
The reactive power exchange between the AC system and
the compensator is controlled by varying the fundamental
component magnitude of the inverter voltage, above and
below the AC system level. The compensator control is
achieved by small variations in the semiconductor devices
switching angle, so that fundamental component of the
voltage generated by the inverter is forced to lag or lead
the AC system voltage by a few degrees causing the flow of
active power into or out of the VSI & the resultant reactive
power [4]. Figure 1 shows the schematic configuration of
STATCOM. The controlled output voltage is maintained in
phase with the line voltage, and can be controlled to draw
either capacitive or inductive current from the line rapidly. STATCOM has the ability to maintain full capacitive
output current at low system voltage, which improves the
transient stability output voltage of VSC bridge is governed
by dc capacitor voltage which is controlled by varying the
phase difference between output voltage of VSI and system voltage at bus. The magnitude and phase difference of
q-axis current determine the magnitude and phase difference between output voltage of VSI and system voltage at
bus, which inturn controls reactive power flow.

(1)

where: Vi and Vj are voltages at buses i and j; Xij: reactance
of the line; δij: angle between the Vi and Vj. The following
assumptions are made [6]:1) Under the steady state operating condition for high voltage line the voltage Vi = Vj and δij is small.
2) Under the dynamic operating condition for high voltage
line, the voltage Vi ≠ Vj and δij is variable.
3) The active power flow is coupled with δij and reactive
power flow is linked with difference between the Vi-Vj.
The control of Xij acts on both active and reactive power
flows.
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Figure 1. STATCOM power circuit.
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injected by the STATCOM must be properly controlled, it
will assumed from here on that this current vector consists
of a positive and a negative sequence components, i.e.,
i q = i+q + i q− . If this unbalanced current vector is injected into
an unbalanced grid with = v+ + v−, therefore the instantaneous reactive power will be given by:

		

Figure 2. Transformer magnetizing current vs flux.

The B-H curve has been measured at point (Ia, Ib, Ic)
at the transformer coupling with STATCOM which is also
referred in Figure 2 during STATCOM operations to analyze the transformer performance. When the transformer
flux is smaller than 1.2 pu, the respective magnetizing current increases slowly as the flux reaches 1.25 pu.
Subsequently, the magnetizing current will also rise evidently with very low “slope” due to transformer saturation
point.

3. Strategies for Reactive Power
Delivering and Compensation
Some strategies to deliver reactive power into the grid
under unbalanced conditions result in injecting nonsinusoidal currents, which imposes high dynamic requirements
to the current controller, increases the voltage distortion at
the point of common coupling and might originates grid
resonances. In this section, those other reactive control
strategies injecting sinusoidal currents into the grid are
reviewed and commented [5].
According to the instantaneous power theory, the
instantaneous reactive power q delivered by a reactive current vector iq interacting generic voltage vector v, is given
by:

			

q = v × iq



(2)

where the sign × denotes a cross product. The instantaneous
reactive power can be also calculated by the dot product:

			

q = v I ⋅ iq



(3)

where vI is an orthogonal (90-degrees leaded) version of
the original grid voltage vector v. Since the positive- and
negative-sequence components of the reactive current
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q = v +I ⋅ i+q + v I− ⋅ i q− + v +I ⋅ i q− + v I− ⋅ i q+



(4)

Multilevel converter, when serving for reactive power
compensation, is called a static var generator (SVG). The
multilevel structure allows the converter to be directly
connected to a high voltage distribution or transmission system without the need of a step-down transformer.
Figure 3 below shows the circuit diagram of a multilevel
converter directly connected to a power system for reactive
power compensation.

4. Simulation of the STATCOM with
System Description using Threelevel Twelve-pulse VSI based
STATCOM under Fault Condition
In our proposed system (Figure 4), the illustration of
the working of the three level twelve-pulse VSC based
STATCOM under three phase fault condition is taken under
consideration in Matlab environment. The STATCOM is
connected to bus through 3-phase transformer. Two feeders are originating from the same source with fault striking
in one of the feeders. Two six-pulse converters are cascaded to form twelve-pulse STATCOM which is connected
in parallel to the circuit with variable load of 3KA (RMS)
and 0.9 p.f and merges to a single fixed load. Power to this
system is supplied from a 25kV, 60Hz, 100MVA programmable voltage source.
This model helps to form a reliable system so that after
the fault clearing time in the system, the Statcom again
comes into play and carries out the operation without any
delay.
The STATCOM is coupled in parallel to the network.
A 12000µF capacitor is used as DC voltage source for the
inverter. Standard response time is typically chosen of the
order of hundred microseconds. Various parameters of the
system like STATCOM output voltage, fixed load output
voltage, variable load output voltage and fixed load output
current have been measured. To control the output of the
VSI, Phase-shifted SPWM control strategy has been used
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Figure 3. Circuit diagram showing a multilevel
converter connected to a power system for reactive power
compensation.
Figure 5. Output voltage and current response curve of
STATCOM and Load in the branch with fault.

Figure 4. Simulink diagram for three-level twelve-pulse
VSI-based STATCOM in a distribution system with fault
consideration.

not only for fast communication to reach a lower THD but
it can also be effectively used during fault conditions.

6. Results
In Figure 5, the output waveforms of different voltages and
currents across the output port of Statcom and different load
end in the branch with fault have been shown. In Figure 5,
the first graph represents the output voltage waveform of
STATCOM. The second and the third graph represent the
output voltage waveform across the Fixed Load (1MW)
and Variable Load respectively. The last graph of these two
figures represents the output current profile across the fixed
load. The effect of STATCOM during its operating period
can be observed from these graphs for improving the voltage and current profile across the load ends. Here, we also
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find that the circuit breakers used are effective in causing
negligible changes in the voltage and current profile and
thus is capable of protecting the system during fault conditions.
The quality of these voltage and current profile have
also been studied by doing FFT analysis and checking the
THD values of the obtained graphs (Figure 6). In Figure
6a, FFT analysis of output voltage across STATCOM in
the branch with fault (THD=4.26%) has been shown.
In Figure 6b, 6c and 6d FFT analysis of output voltage across Fixed Load (THD=5.53%) and Variable Load
(THD=2.76%), and Fixed Load current (THD=2.85%)
has also been shown.

7. Discussion
Improvement of power quality and increasing the reliability of electrical power system has become an important
topic of discussion among the power engineers now-adays. Power quality determines the fitness of electrical
power to consumer devices. The STATCOM is a shunt
power electronic device used to help in improving the
voltage profile in the transmission system and thus helps
to improve the power quality of the system. Reliability of
a system is achieved by separating the part of the system
under fault from the rest of the system and also ensuring that all major processes does not undergo any kind
of interruption. For this, more than one feeder are used
for all major loads with circuit breakers installed on
each feeders. Multipulse or multilevel configuration is
able to generate better voltage waveforms with a reduced
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Figure 6a. FFT analysis of output voltage across STATCOM
with fault(THD=4.26%).

Figure 6b. FFT analysis of output voltage across STATCOM
Fixed Load (THD=5.53%).

Figure 6c. FFT analysis of output voltage across STATCOM Variable Load (THD=2.76%).

Figure 6d. FFT analysis of current across the Fixed Load
(THD=2.85%).

harmonic content and thus the value of THD will be much
lesser. The control strategy of dc-link voltage can quickly
increase system stability and decrease electric impulsion.
The proposed model is feasible and reliable since it can be
operated without any interruption even during fault conditions and will be helpful to the design and development

of the high power STATCOM to handle various types of
faults in the system. Due to improved dynamic performance, extended operating range, increased availability,
reduced line harmonics and an adjustable power factor at
the point of common coupling, multilevel VSIs are used as
VSC within the STATCOM. So it is more suitable for the
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power electronic system with the high voltage and large
capacity.

2.

8. Conclusion
In this paper, three level twelve pulse VSI based STATCOM
has been applied in parallel to the transmission line in a
distribution system for checking its effect on voltage profile across the load under three phase fault condition. The
results are showing that the value of THD across different load voltages and current are within the acceptable
limits. Also the voltage and current waveforms across the
load incur negligible changes during fault condition. Thus
Simulation results are validated the effectiveness of the
proposed control strategy to control the Statcom in a safe
mode under three phase fault condition in the transmission line.
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