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Abstract - This paper introduces a new single phase
multilevel inverter which has FACTS capability (Flexible AC
Transmission system) so that the use of FACTS devices can be
reduced. This new single phase multilevel inverter is placed
between the wind plant and the distribution system to
regulate the active power and reactive power to the grid. This
designed inverter itself acts as a FACTS device to regulate the
power factor of the feeder lines. This proposed inverter will
eliminate the use of capacitor banks and FACTS devices and it
itself provides reactive power compensation and can be used
for small wind applications. Thus it reduces the cost of the
system and increases the penetration of renewable energy
system into the distribution system. In this paper a new single
phase half bridge eleven level inverter is designed to meet all
the IEEE standards. This proposed eleven level inverter
regulates the active and reactive power to the grid and is cost
effective. This implemented eleven level inverter is designed
and its simulation are done in MATLAB/Simulink.
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1. INTRODUCTION

The power electronics plays a major role in our day to day
life. There is not even a device running in our homes without
power converter devices encrypted in them. Thus the use of
power converter devices is greatly increased. These power
converter devices can be used for converting any non
conventional source of energy in to voltage and frequency
which is suitable for the distribution system. In case of wind
applications a back to back converter is used for connecting
the generator to the grid. The wind plant consists of a
rectifier and MPPT(Maximum Power Point Tracking). Here
the rectifier equipped with MPPT converts the ac output
power of the wind turbine into dc. Now an inverter can be
used which is used for converting the dc output into ac
suitable for the grid.

Now a days the need for using wind energy inverter with
greater efficiency has become a great deal. For a lossless and
a high efficiency system .high power factor is necessary. A
high power factor decreases the power losses and increases
the voltage regulation to the load. The work of the reactive

power elements is to supply or absorb the reactive power so
that the harmonics and losses are reduced. This also reduces
the apparent power. If the reactive power compensation is
performed then voltage regulation can be improved.

For small wind applications normally permanent magnet
synchronous motors are used. The doubly fed induction
generators can also be used for large wind applications. The
permanent magnet synchronous motor works on the
principle of magneticlocking. The output of the generator is
given to the wind turbine. Here it is connected to the rectifier
with MPPT.

Traditionally capacitor banks are used to compensate the
power factor and to provide reactive power compensation
.But these capacitor banks increase the cost of the system.
Also FACTS devices like DSTATCOM (Distribution Static
Synchronous Compensators) are used for reactive power
compensation. These devices are placed in parallel with the
distribution system and operates as a source or sink of
reactive power. These FACTS devices increases the cost of
the system. So we opt for the new wind energy inverter with
FACTS capability for being cost effective and to meet IEEE
standards.

2. PROPOSED SYSTEM

For use in distribution energy systems an 11 level inverter is
introduced. This inverter which is a combination of inverter
and DSTATCOM is placed between the wind turbine and the
grid. This inverter regulates the active power and the
reactive power to the grid and is cost effective.

MODE 1

When there is wind ,the active power is generated
from the turbine so inverter + DSTATCOM mode

In this mode, the device is works as a regular
inverter to transfer active power from the
renewable energy source to the grid as well as it
works as a normal DSTATCOM to regulate the
reactive power of the grid in order to control the PF
of the grid.
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Fig -1: Block diagram of proposed method

MODE 2

*  Whenthere is no wind ie., the wind speed is zero or
too low to generate active power it acts in
DSTATCOM mode. In this case, the inverter acts as a
DSTATCOM to control the reactive power in order
to maintain the power factor of the grid. Thus to
regulate the PF of the distribution feeder lines the
use of additional capacitor banks or external
STATCOMs is eliminated by this option.

2.1 MODULAR MULTILEVEL CONVERTER

Recently increased attention is gained by the Modular
Multilevel Converter (MMC). The proposed multilevel
inverter topology consists of several half bridge (HB) sub
modules (SMs) per each phase, which are connected in series.
A series connection of 2(n - 1) basic SMs and two buffer
inductors are present in an n level single phase MMC. Two
semiconductor switches, which operate in complementary
mode, and one capacitor are present in each sub module. It
has become an ideal candidate for medium to high voltage
applications such as wind energy applications because of the
exclusive structure of the MMC. The key point for wind
applications is that this topology needs only one dc source.
MMC requires large capacitors which may increase the cost of
the systems but this problem is an offset by the lack of need
for any snubber circuit.

The main advantages of the MMC topology are identical
converter cells with modular design, series connection of
cells with simple voltage scaling, realization of redundancy is
simple, and possibility of a common dc bus. Fig. 2 shows the
circuit configuration of a single phase MMC and the structure
of each SMs consisting of two power switches and a floating
capacitor.

Depending on the switching states the output voltage of each
SM (1) is either equal to its capacitor voltage (v;) or zero.

The current control in each phase arm and the limitation of
the fault currents is provided by the buffer inductors. Each
SM can be considered as a two pole switch to describe the
operation of MMC.

If 5,;, which is defined as the status of the i*® sub module in
the upper arm, is equal to unity, then the output of the i ** SM

is equal to the corresponding capacitor voltage; otherwise it
is zero. Likewise, if 5;; which is defined as the status of the

i™sub module in the lower arm, is equal to unity, then the
output of the i**lower SM is equal to the corresponding
capacitor voltage; otherwise it is zero. Generally, when 5,;;or
5 is equal to unity, the i*® upper or lower SM is ON.
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Fig-2: Structure of a single-phase MMC inverter structure

The upper and lower arm voltages of the MMC are given as:
Vupperarm = EF=_1.1 (Sui Vi) +Vyg
Vlowerarm = EF;LI{S[[ Vi) + Vyg
where vy; and ¥ represents the voltages of the upper
and lower buffer inductors, n gives the number of voltage
levels, and the voltage of the i** capacitor of the SMs in
upper arm or lower arm is given by ;.

Pog = Vypperarm ¥ Viewerarm

= EE-EI{SLLI: V) +E%£1':5uiwri:] + (Vi1 +7412)
PR -4 = toc
Foue = 7 - Vupperarm = - 7 + Vipwerirm
In an 11 level MMC inverter, there are ten upper and ten
lower SMs where each SM has a capacitor. For instance, in
voltage level 1 of Table 1, all the upper SMs should be OFF
and all the lower SMs should be ON, which means the fact
that the main switches 5, of all upper SMs and the auxiliary
switches (5;) of all lower SMs have to be ON and all the other

switches have to be OFF. In this case, the input dc voltage is
given only to the ten lower capacitors present bin the sub
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module, so that the output voltage is ¥, /2. The most critical
issue is to control MMC by maintaining the voltage balance
across all the capacitors. Therefore, the SM voltages are
measured and sorted in descending order during each cycle.
If the current flowing through the switches is positive,
capacitors are being charged, with the lowest voltages
selected from nypperarm and Niowerarm Which shows the number
of SMs in upper arm and lower arm, respectively. As a result,
ten capacitors with lowest voltages are chosen to be charged.
Likewise, if the current flowing through the switches is
negative, so that capacitors are being discharged with
highest voltages are selected from nupperarm and Niowerarm Of
the SMs in upper arm and lower arm, respectively. As a
result, ten capacitors with highest voltages are chosen to be
discharged. Consequently, the voltages of the SMs’ capacitors
are balanced.

Table-1: Operating Regions for an 11-Level MMC Inverter

8 Vir<Vc1.Ve2, V3, Vs, 7 3 -2V
Vs, Vee, Ve, / 10
Vr>=Vg,Vc9,Ve10

9 Vr<Vc1.V¢2, V3, Ve, 8 2 -3V
Vs, Veo, Vez, Ves; /10
Vr>=V9,Vc10

10 Vir<Vc1.Ve2, V3, Vs, 9 1 -4V 4.
Vs, Veo, Ve7, Vg, Veo; /10
Vr>=Vci10

11 Vi<Vc1.Ve2,Ve3-Vea,Ves | 10 0 '5Vdc
Ve6,Ve7,Ve8, V9, Ve10 /10

Vo ltage Status Nupperarm | Niowerarm Vout

level

1 Vr>=Vc1.Ve2,Ve3-Ves,V | O 10 SVdc/
c5,Vc6,Vc7,Ve8,Ve9,Ve10 10

2 Vi<Ve,Vi>=Vea,Vea v | 1 9 4Vq./
4, Vc5,Ve6,Ve7,Ve8,Ve9, 10
Vcio0

3 Vr<Vc1.Ve2; 2 8 3Vdc/
Vr>=V3.Vc4,Ve5,Ves,V 10
c7,Ve8,Ve9,Vc10

4 Vr<Vc1-Vc2, V3; 3 7 ZVdC/
Vi>=Vc4,Ve5,Ve6,Ve7,V 10
c8,Vc9,Vc10

5 Vr<Vc1-Vc2, Vc3, Vc4; 4‘ 6 Vdc/
Vr>=V¢5,Ve6,Ve7,Ves,V 10
c9,Vc10

6 Vr<Vc1.Ve2, Ves, Ve, 5 5 0
V5, Vr>=Ve6,Ve7,Ve8,V
c9,Vc10

7 Vr<Vc¢1.Vc2, V3, Vs, 6 4 'Vdc/
Vs, Vee; 1 O
Vr>=V¢7,Ve8,Ve9,Ve10
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RMS value of other harmonics
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L15Vs
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=-0.9746i

Average value of the output voltage,

=10/T [y, Vo(t)dt =2.5Vs

Fundamental voltage is given as,

RMS value of the fundamental voltage

Total harmonic distortion is given as

vrms  =[10/T [, (Z) af*2 =1.118 vs?

Fourier series of the output voltage is given as,
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Distortion factor calculated is

DF =1vise,, (2)

n?
=3.2%
4. RESULT AND DISCUSSION
The 11-level inverter is implemented using

MATLAB/Simulink (version 12.0a). The result was obtained
were analyzed in this chapter.

4.1. SIMULINK DIAGRAM
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Fig-3: Simulink diagram of 11 level inverter

The figure 3 shows the simulink diagram of the

implemented 11 level inverter. Here the input is given from
the wind plant. The circuit consists of 20 sub modules.
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Fig-4: Simulink diagram of wind system

The above figure 4 shows the subsystem for the wind energy
system which is given as input. The inputs to the wind
turbine are pitch angle and wind speed. Here Permanent
Magnet Synchronous Machine is used. The output of the
wind generator is AC .It is converted into AC by using a

rectifier so that the output of the rectifier can be given to the
inverter since its input is DC. The output from the rectifier is
filtered and. then it is given to the inverter.

Ci::] Conn
»

Fig-5: Simulink diagram of Sub module

The above figure 5 shows the simulink diagram of a single
sub module of the 20 sub modules. Each sub module consists
of 2 IGBT switches which operate in complementary action.

Fig-6: Switching signal(upper)
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Fig-7: Switching signal(lower)

Figure 6 shows the switching signal, which is used to trigger
the sub modules in the upper arm. Figure 7 shows the
switching signal, which is used to trigger the sub modules in
the lower arm.
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Fig -8: output current waveform

Figure 8 shows the output voltage waveform for constant
source. Figure 9 shows the output current waveform for
constant source.

Time

Fig -9: output power for constant source

5. CONCLUSIONS

A new concept of multilevel inverter with FACTS capability
which can be used for small to medium power applications is
introduced in this paper. This paper proposes a new
multilevel inverter which is cost effective and lossless. This
proposed inverter replaces the traditional wind energy
inverter with DSTATCOMS and capacitor banks with power
converter devices to regulate the power factor to the grid.
Multiple inverter may be needed depending on the size of
compensation to reach the desired pf. Thus new ways are
introduced to provide control and support in distribution
systems in which distributed renewable sources can be used.
The results for an 11 level inverter are simulated in
MATLAB/Simulink. The practical results of the proposed
control strategy shows good response even in severe

conditions. In future, this project can be extended to the level
it can be implemented with reduced number of switches to
minimize losses.
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