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ABSTRACT

In this project presents the NNPC inverter is
a newly developed four-level voltage source
inverter for medium-voltage applications
with properties such as operating over a
wide range of voltages (2.4-7.2 kV) without
the need for  connecting  power
semiconductor in series and high-quality
output voltage. The NNPC topology has two
flying capacitors in each leg. In order to
ensure that the inverter can operate normally
and all switching devices share identical
voltage stress, the voltage across each
capacitor should be controlled and
maintained at one-third of dc bus voltage.
The proposed capacitor voltage-balancing
method takes advantage of redundancy in
phase switching states to control and balance
flying capacitor voltages. Simple and
effective logic tables are developed for the
balancing control

I INTRODUCTION

Nowadays, Multilevel inverters are very
popular in medium voltage applications and
motor drives due to reduction of harmonics,
low voltage stress on switches, low
switching frequency, and less switching
losses [1]. The multilevel inverters
categorized into neutral point clamped
(NPC) inverter, flying capacitor (FC)
inverter, cascaded Hbridge inverter, and
modular  multilevel converter [2]-[3].
Several control techniques and modulation
strategies including capacitor voltage-
balancing methods have been developed in
the literature for multilevel inverters [4]. In
this paper a new multilevel topology is
proposed. i.e, nested neutral point clamped
(NNPC) inverter shown in Fig. 1. Fig. 1.
Three phase nested neutral-point clamped
(NNPC) inverter. This topology is a
combination of an FC topology with an NPC
topology, which provides four levels in
output voltage. In comparison with the
fourlevel NPC inverter, the NNPC inverter

has less number of diodes, and in
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comparison to four-level FC inverter, it has

fewer capacitors [6]. All switches in the
topology have the same voltage stress equal
to one-third of dc-link voltage. The NNPC
inverter can operate in a wide range of 2.4—
7.2 kV without the need for connecting
power devices in series. As can be seen from
Fig. 1, the NNPC topology has two FCs in
each leg. The voltage across each capacitor
should be controlled and balanced at one-
third of dc-link voltage (Vdc/3) to ensure
that the inverter can operate normally [6]. In
order to mitigate the aforementioned
drawbacks, a new capacitor voltage-
balancing method for the NNPC inverter is
proposed in this paper. In the proposed
method, simple logic tables are developed to
control the voltages of FCs. The proposed
method has the following features: 1) The
method is suitable for and can be easily
integrated with different pulse width
modulation (PWM) schemes such as SPWM
and SVM, etc; 2) The method uses simple
logic tables, needs very few computations,
and is easy to implement. The difference in
the topology causes different behavior in
capacitor voltages and thus need different
voltage-balancing methods. In order to
control output voltage and get FC voltage
balance, a space vector modulation (SVM)

technique is presented in [6] for NNPC
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inverter. In this method, a cost function is
defined based on the energy stored in
capacitors. The cost function needs to be
calculated repeatedly for each redundant
switching state in every sampling period to
find the best switching state to balance FC

voltages.

I OPERATION OF THE NNPC
INVERTER AND BEHAVIOR
ANALYSIS OF THE CAPACITOR
VOLTAGES

Operation of the NNPC Inverter The three-
phase NNPC inverterEach phase of the
inverter consists of six switches, two
clamping diodes, and two FCs. The voltages
of the FCs should be kept at one-third of dc
bus voltage (\Vdc/3) to generate four output
levels in phase voltage and ensure that all
the power switches share the same voltage
stress. Table | shows the phase voltagevk
(k=a, b, c), output levelLk, as well as the
corresponding phase switching stateSk. For
each phase, the four distinct output voltages
are —Vdc/2, —Vdc/6, Vdc/6, and Vdc/2,
corresponding to the four output levels 0, 1,

2, and 3, respectively.

111 PROPOSED METHOD
The proposed method describes
capacitor voltage-balancing method takes

advantage of redundancy in phase switching
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states to control and balance flying capacitor

voltages. Simple and effective logic tables
are developed for the balancing control. The
proposed method is easy to implement and
needs very few computations. The method is
suitable for and can be easily integrated with
different pulse width modulation (PWM)
schemes such as SPWM and SVM, etc.;

Block diagram

Three phase nested neutral-point clamped
(NNPC) inverter.

Advantages
» Multi level inverters are very popular
in medium voltage power conversion
due to low voltage stress on
switches,
» Better harmonic performance,
» Low switching frequency,

» And less switching losses.

Applications
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» A wide range of voltages (2.4-7.2
kV) without the need for connecting
power semiconductor in series and
high-quality output voltage.

» Multilevel inverters, drives.

IV RESULTS:

. Steady-state simulation with m=0.95

output Voltage

Output currents
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V CONCLUSION

In this paper, proposes a capacitor
voltagebalancing method for a four-level
NNPC inverter. At different PWM schemes
the proposed method is easy to integrated.
The proposed method takes advantage of
redundancy in phase switching states to
control and balance the FC voltages. For the
control of capacitor balancing simple and

effective logic tables are developed. The
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method is easy to implement and needs very
few computations. The limitation of the
NNPC inverter in terms of the voltage
balancing and capacitor size is also
investigated.  The  effectiveness  and
feasibility of the proposed method is
determined by using the simulation results

and also analyze the proposed method.
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