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Abstract— The quality of output power generated from the
utilities has the major focus of developed industries. The sensitive
industry equipment’s are damaged with the association of power
quality problems like voltage interruption and harmonics
problems. In the electrical grid the power quality will reduced by
the power consumption of unsymmetrical currents created by
heavy loads. The critical clearing time, voltage regulation and
oscillations can be estimated by stimulating functions of Flexible
AC transmission system. The main focus of this paper is to
control reactive power and enhancement of power quality with
the application of modular multilevel cascade converter based
STATCOM. The PI control technique is used for controlling and
simulations are carried by MATLAB software.
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l. INTRODUCTION

In power system the fast acting devices are required for
power quality problems which are happened in transient period.
The different power electronics converters are required to
compensate the both active and reactive power with FACTS
technology. The voltage regulation, steady state power flow and
damping frequency can be estimated by existing functions of
FACTS technology. By introducing such custom devices in
power system which will improve the voltage profile and
transmission system reliability. The various facts controllers are
exist in power system such as static synchronous compensator,
static synchronous series compensator and unified power flow
controller. To improve the transmission efficiency and voltage
profile the STATCOM is a controller which supports the power
system to compensate the harmonics at point of common
coupling. To enhance the power quality the extended topology
of STATCOM of modular multilevel converter based
STATCOM is injected in power system for harmonic
compensation.

The modular converter based STATCOM simulations in
power system are performed in MATLAB software and for
controlling PI controller will use. The PWM control technique
is used in controller.

The modular multilevel cascaded converter can be classified
in to different types such as single star bridge cells, single delta
bridge cells, double star chopper cells, and double star bridge
cells.
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The single phase full bridge converter is same as the bridge
cell and the chopper cell consists of a dc capacitor and two
IGBT. The static compensator is same as double star bridge
cells for eliminating harmonics. The multilevel converter has
output waveform of stepped wave which have advantage of
reduction in harmonics compared to square wave converter.

Il.  POWER QUALITY ISSUES

The power system may not stable with reduction in reactive
power with slow changes in load parameters. The decrease in
voltage at the bus with increasing power flow which results
reduction of reactive power. The main problems in the power
quality are voltage sag, voltage swell, Micro interruptions,
Harmonics and transients. These problems are flickering lights
and loosing data, failure operation of equipment. These
problems can be avoided by using MMC based converter and
also improving reactive power.

Ill.  STATIC SYNCHNOOUS COMPENSATOR(STATCOM)

Static synchronous compensator consists of voltage source
converter and a dc energy storage device. This STATCOM s
capable of exchanging reactive power and it has small dc
capacitor. By using this controller to exchange real and
reactive power the small dc capacitor is replaced by dc storage
battery or other dc sources. This controller can also extend
operation for four quadrant operation. The model of the
STATCOM is shown in figure 1.
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Fig.1 Basic operation of STATCOM

There is no ac current flow in converter and reactive power
generation if the amplitude of ac system and converter output
voltages are equal. The ac current magnitude can be calculated
using the following equation

Vout — Vac
lac = ——
From the converter to the ac system the ac current will flows
and the reactive power exchange can be expressed as

Q _V2out-VoutVac cosa
X
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Between the voltage sourced converter and the ac system
can be calculated as

Vac Vout sina
- X
IV. MODULAR MULTILEVEL CONVERTER
The STATCOM can be connected to either load side or source

side. The proposed MMC STATCOM topology consists of
various blocks

A. Capacitor Voltage Balancing

In the MMC, in order to maintain capacitor voltages maintain
constant the modules are constantly inserted and bypassed out
of the system. The distortion in output voltage and damage of
equipment is possible if module insertion failure. The selection
is based on the direction of the current in the arm.

B. Phase —Shifted Sinusoidal Pulse Width Modulation (PS-
SPWM)

In general SPWM methods the modulation signal compared
with carrier wave with high frequency to get suitable gate
pulses. In order to go for higher levels more number of carrier
wave forms are compared with sinusoidal waveform with
fundamental frequency but if the waveforms are phase shifted
there is reduction in harmonics in output signals. The other
advantage of MMC converter is the reduction in switching
frequency of individual modules. Comparing with SPWM
technique the harmonic content will decreases in PS-PWM
technique .This will shows that if the number of modules
increases which will reduce the harmonics and avoid the
requirement of filters.

C. Principle of Operation Of MMC

The structure of module multilevel converter and as shown
follows
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Fig.2 Three phase modular multilevel converter

Fig.2 shows the three phase modular multilevel converter
which has various sub modules. If the switches are on and off at
the same instant it makes short circuit across capacitor which
will provide the different output voltages across the capacitor.
The number steps involved in the output voltage depends on the
number of series connected modular. By using two possible
switching configurations the zero switching state can be obtain.
The zero states must be existed alternatively to capacitor
voltage balanced. The voltage generated waveform of three
level inverter in Fig.3
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Fig.3 Voltage waveform of a Three level converter

The three level inverter operation can be extended to
multilevel inverter by different number of switches and output
of multilevel inverter will be stair case waveform which is
approximated as sinusoidal waveform with less harmonic
reduction.
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Fig.4 Voltage waveform of multilevel converter

V.  SIMULATION OF MODULAR MULTILEVEL CASCADE
CONVERTER BASED STATCOM

In this proposed system the Modular multilevel converter is
used as STATCOM and it is connected parallel to the
transmission line .This STATCOM can supplies reactive power
to the transmission line. The switches of IGBT’s can be used in
Modular multilevel converter. The system is operated under
steady state, sag and fault conditions.

Fig.5 Simulation of Modular Multilevel Cascade Converter

The STATCOM Performance is studied at steady state
conditions and voltages are well balanced and regulated. The
passive filters not required because of good voltage waveform
and STATCOM current at PCC.

VI. RESULTS

In the following figures which shows that source voltage
magnitude and current without STATCOM under fault
condition. The voltage magnitude reduced from 62.7 kv to 31.1
kV for sag condition from duration 0.2 sec and then decrease to
0 volt for transient fault for (0.3-0.4) sec transition period and
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the magnitude rises from 510A to 5027A for transient fault for
(0.3-0.4) sec transition period .

Fig.6 Source voltage in 3 phase fault condition without STATCOM

In order to restore voltage to normal condition the
STATCOM injects reactive power of 832MVAR in system.

Fig. 7 Source current in fault condition without STATCOM

For the following figures shows that under different types of
fault conditions the voltage waveforms analyzed .The faults like
LL faults, LLG faults.

Fig.8 Source voltage in LL fault condition with STATCOM

Fig.9 Source voltage in LLG fault condition with STATCOM

The following figure shows that the voltage and current
waveforms with and without STATCOM for during three phase
fault at PCC.
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Fig.10 Voltage and current at PCC during three phase fault without
STATCOM

Fig.11 Voltage and current at PCC during three phase fault with
STATCOM

The following figures shows that load active and reactive

power for three phase fault with and without STATCOM
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Fig.12 Load Active Power & Reactive Power under Fault Condition
without STATCOM

Fig.13 Load Active Power & Reactive Power under Fault Condition with
STATCOM
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VII. CONCLUSION

The proposed system in this paper is MMC converter is
simulated in MATLAB with PS-PWM scheme. In this system,
the two control loops are using to balance the series Module
capacitor voltages .One control loop is used to equalize the
capacitor voltage and other one used to balances the capacitor
voltage within each arm. These control methods has quick
response and reduce effect of voltage and current harmonics.
The Multilevel Modular converter STATCOM are tested and
analyzed with Steady state, voltage sag, different fault
conditions and the results by using this controller shows more
effective. The STATCOM has fast recovery after ac or dc faults
and also has quick response to voltage without any protection
circuits.
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