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Abstract - In modular multilevel converter (MMC), the
submodules which perform switching actions, it may produce
higher order harmonics when involved with fluctuating
capacitor voltages and when it gets superimposed with the
circulating currents, it will increase their magnitude which
results into increased system losses. In this research work, we
have implemented a repetitive control scheme which consists of
three components: Pl controller, moving average filter and
repetitive controller. 1t is applied 10 MMC equipped with fuzzy
controlled logic, which controls the harmonics by suppressing
them up to a significant level. The proposed model is designed
for three phase applications and the simulation results clearly
define the effectiveness of the control mechanism.
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I INTRODUCTION

Many investigations in the field of MMC have led to
successful operation in HVDC systems. In recent times, for
very long distance HVDC transmission lines based on
voltage source converters (VSCs) offered more economic
and cost-effective power transmission. Conventional two-
level VSCs generates large quantity of harmonics and
cause higher power losses due to the high speed switching
of IGBTs during its working. In particular, the novel power
converter topology for MMC has been intensively
researched and developed, for attractive features like high
modularity, simple scalability, low expense of filters,
robust control, simple in design and redundancy. This
converter iS composed of several identical power cells
connected in series, each one build up with standard
components, enabling the connection to high voltage poles.
Although the MMC and derived topologies offer several
advantages, they also introduce a more complex design of
the power circuit and control goals, which have been the
main reasons for the recent and ongoing research.
Furthermore, Medium Voltage Converters are an
interesting area for the application of MMCs such as
STATCOMs and drives etc. The evolution of MMCs over
the last few years has been used in several commercial
applications such as HVDC and flexible alternating current
transmission systems (FACTS). From this technology,
some insight on future trends can be extracted. In addition,
despite industrial presence, the technology has not
stabilized yet and there are still several challenges for
further development of this technology.
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The increased usage of power electronic devices in power
system including renewable power generations led to a
number of power quality (PQ) problems for the operation
of machines, transformers, capacitors in power systems.
PQ covers all parts of power framework building from
transmission and circulation level investigations to end-
client issues. In this way, electric power quality has
become a serious concern for both utilities and end users.

The PQ, at conveyance level, comprehensively alludes to
keeping up a close sinusoidal power circulation transport
voltage at an evaluated extent and frequency. In addition,
the energy supplied to a customer must be uninterrupted.
Therefore, the term PQ includes two aspects, namely
voltage quality and supply reliability [1]. The voltage
quality side contains different unsettling influences, for
example, fast changes, harmonics, interharmonics, glint,
irregularity and drifters, while the dependability side
includes wonders with a more drawn out length, for
example, intrusions, voltage plunges and hangs, over and
under voltages and frequency deviations. The above issues
are significant in depicting the actual phenomena that may
cause PQ problem

As a consequence, harmonic distortion can have
detrimental influences on electrical distribution systems.
Identifying the problems associated with sources and
impacts of harmonics as well as the methods to decrease
the harmonic will increase the overall efficiency of the
distribution system. as represented in figure.
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Figure 1.1 Harmonic Distortions at PCC.
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When the converter is transferring active power from the
DC link to AC side, an immediate DC current is streaming
between the DC terminals. This current is charging the
submodule capacitors and moves energy from the DC
interface into the converter. The alternating current is part
equally between the arms and is in phase with the
substituting segment of the embedded voltage when
dynamic power is exchanged. This implies the substituting
current can release the submodule capacitors and
subsequently it is conceivable to exchange dynamic power
through the converter. The voltage over the submodule
capacitors will change as they are charged and released by
the direct and alternating current. Using a simplified
model, the resulting capacitor voltage ripple in each arm
can be estimated by integrating the product of the insertion
index and the arm current.

Four types of required control objectives:

e Control the active power in addition to either
reactive power or AC voltage.

Control of the DC link voltage

Control of the SM capacitors, in terms of both
average value and voltage balancing.

Control of current, where elimination of both
circulating currents and zero sequence current
should be the desired outcome.

To control the active and reactive power, a dq control
similar to conventional VSC dg control can be applied.
The dq control decomposes the active and reactive power,
so that it can be controlled by the d-axis current and the g-
axis current respectively [15]. Unlike in a conventional
VSC, there is no DC-link capacitor in an MMC. Therefore,
the DC link voltage is controlled by controlling the

submodule voltages.
Il. PROPOSED MODEL

Brief Description of Simulink Blocks
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Power GUI

The Powergui block is compulsory for simulation of any
Simulink model, since it gives the information for the type
of signal used. It is used to allow discretization of signals,
store the equivalent Simulink circuit in the form of the
state-space equations Of the model, providing phasor
solution, variable SIMULINK solver etc.

Scope

The scope blocks of real-time category come in 3
types: Target, File and Host. The block dialog box changes
depending on the setting for parameter. The block dialog
box by default, displays the parameters for Target scopes.

Subsystem

The subsystem block represents a specific set of blocks
contained in a specified library of blocks. The block’s
context menu lets you choose which block the subsystem
represents.

Derivative

This block takes the derivative of its input by computing
the differential du/dt, the change in input value is
represented by du and the change in time is represented by
dt, since the previous simulation time step. The initial
output for the block is zero and it takes one input and
generates one output.

Fuzzy Logic Controller

To implement the fuzzy inference system (FIS) as
described initially, we use fuzzy logic controller.

PWM Generator

This block generates pulses for carrier based PWM; self
commutated IGBT, FET or MOSFET bridges. In
“generator mode” option, depending on the quantity of
bridge arms selected, the block can be used either for 1-
phase or 3-phase PWM control.
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Fig. 2.1 Proposed Model
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Fig. 2.2 Case A: Pl Controller with Proposed Fuzzy Logic Controller
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Fig. 2.3 Case B: Pl Controller, Moving Average Filter with Proposed Fuzzy Logic Controller
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Fig. 2.4 Case C: Pl Controller, Moving Average Filter Followed By Repetitive Controller with Proposed Fuzzy Logic
Controller
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1. SIMULATION OUTCOMES
Inverter Currents in Case C: PI Controller+Fuzzy Logic
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Fig. 3.1 Simulation Waveforms of Case A: Pl Controller
with Proposed Fuzzy Logic Controller

Inverter Currents in Case B: PI Controller+Fuzzy Logic

Idcal

1/ ™N TN ST T
\ // // \\
TN N N

0.25 0.255 0.26 0.265 0.27 0.275 0.28 0.285 0.29 0.295 0.3

Current(A)

Different Currents in Case B: PI Controller+MAF+Fuzzy Logic

VR
\

T
= Upper Arm Current

Lower Arm Current
Circulating Current ||
A%

VA A%

D

v
y/

-‘6’.25 0.255 0.26 0.265 0.27 0.275 0.28 0.285 0.29 0.295 0.3

>
D

1\
WY

VIV

<
<

Current(A)
-

/
—~—

—
~]
|

[«
q
g
[«

Fig. 3.2 Simulation Waveforms of Case B: Pl Controller,
Moving Average Filter with Proposed Fuzzy Logic
controller.
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Fig. 3.3 Simulation Waveforms of Case C: Pl Controller,
Moving Average Filter followed by Repetitive Controller
with Proposed Fuzzy Logic Controller

V. CONCLUSION AND FUTURE SCOPE

With the application of the proposed repetitive controller,
the circulating current waveform which was previously
having different higher order frequency components or
harmonics due to which its magnitude was higher has now
been suppressed. Due to the harmonics suppression of this
scheme, the reduced magnitude of the circulating currents
will result into overall reduction in losses. The fuzzy logic
which is itself a very flexible technique, simulates all the
parameters and their constraints in an efficient way and
helps the simulation process to be carried out in a much
simpler manner. The proposed scheme can be utilized with
advanced controllers in which some of them are still in
research phase for the purpose of harmonics suppression.
Here we have used fuzzy logic, but we may also perform
simulation with other soft computing techniques. This
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scheme can also be employed in smart grids which works
on advanced automation techniques.

REFERENCES

[1] Welter P. Power up, prices down, grid connected inverter
market survey (Leistung rauf, Preise runter, MarkituE
bersicht netzgekoppelter Wechselrichter, in  German).
PHOTON-das Solarstrom Magizin (German Solar
Electricity Magazine) 1999;3:48+57.

[2] Calais M, Agelidis VG. Multilevel converters for single-
phase grid connected photovoltaic systems B an overview.
In: Proceedings of the IEEE International Symposium on
Industrial Electronics. Pretoria, South Africa, vol. 1, 1998, p.
224+9.

[3] Martina Calaisa,*, Vassilios G. Agelidisb Michael S.
Dymondc, “A cascaded inverter for transformerless single-
phase grid-connected photovoltaic systems, Renewable
Energy, volume 22, Issues 1-3, January — March 2011, page
255-262.

[4] Al-Mohamad, Ali. "Efficiency improvements of photo-
voltaic panels using a Sun-tracking system." Applied Energy
79, no. 3 (2004): 345-354.

[5] Rob W. Andrews, Andrew Pollard, Joshua M. Pearce, “The
Effects of Snowfall on Solar Photovoltaic Performance ”,
Solar Energy 92, 8497 (2013).

[6] "Small Photovoltaic Arrays”. Research Institute for
Sustainable Energy (RISE), Murdoch University. Retrieved
5 February 2010.

[7] Reflective Coating Silicon Solar Cells Boosts Absorption
Over 96 Percent Scientificblogging.com (2008-11-03).
Retrieved on 2012-04-23.

[8] Solar Cells and their Applications Second Edition, Lewis
Fraas, Larry Partain, Wiley, 2010,ISBN 978-0-470-44633-1,
Section10.2.

[9]1 Yuhua Cheng, Chenming Hu (1999). "§2.1 MOSFET
classification and operation”. MOSFET modeling & BSIM3
user's guide. Springer. p. 13. ISBN 0-7923- 8575-6

[10] U.A.Bakshi, A.P.Godse (2007). "8§8.2 The depletion mode
MOSFET" Electronic Circuits. Technical Publications. pp.
8-2. ISBN 978-81-8431-284-3 Power Electron., vol. 9, no.3,
pp 676-684.

[11] Hanju Cha and Trung-Kien Vu ,”Comparitive analysis of
low pass output filter for single- phase grid-connected

photovoltaic  inverter  “,Department  of  Electrical
Engineering, Chungnam National University, Daejon,
Korea.

[12] E-Habrouk M., Darwish M.K., Mehta P., "Active power
filters: a review", IE Proceedings-Electric
Applications, Vol. 147, Iss. 5, pp. 403-413, 2000 53

Power

[13] Akagi H., "Active harmonic filters", Proceedings of the
IEEE, Vol. 93, Iss. 12, pp. 2128-2141, 2005

[14] Marco Liserre, Frede Blaabjerg, Steffan Hansen, “Design
and Control of an LCL-Filter- Based Three-Phase Active

WWw.ijspr.com

ISSN: 2349-4689

Rectifier”, IEEE Transactions on Industry Application, Vol.
41, No. 5, pp. 1281-1291, 2005.

[15] IEA-PVPS, Cumulative Installed PV Power, Oct. 2005.
[Online]. Available: http://www.iea-pvps.org

[16] M. Shahidehpour and F. Schwartz, “Don’t let the sun go
down on PV,” IEEE Power Energy Mag., vol. 2, no. 3, pp.
40-48, May/Jun. 2004.

[17] G. Saccomando and J. Svensson, “Transient operation of
grid-connected voltage source converter under unbalanced
voltage conditions,” in Proc. IAS, Chicago, IL, 2001, vol. 4,
pp. 2419-2424.

IJSPR | 51



