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Abstract:

This paper proposes a simple and fast-processing modulation strategy for three-level four-leg neutral-point-clamped
(NPC) inverter. Despite the conventional modulation methods which have considerable disadvantages such as
complicated digital logic, the proposed strategy can be implemented with a simple logic and can be processed very
quickly. This superiority is due to this fact that the presented technique can decouple the four-leg NPC inverter into 3
three-level buck converters in each defined operating section. Moreover, the switching loss is reduced substantially and
the dc-link capacitors’ voltages balance is also achieved without any feedback control. Analysis and simulations are
carried out on a three-level four-leg NPC inverter. Experimental verifications also validate the simulation results. The
results demonstrate that the proposed strategy is capable of delivering power to all sorts of loads, linear/nonlinear and
balanced/unbalanced
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1. Motivation of the work

Three-phase four-wire inverters are suitable for supplying
power to single-phase and three-phase loads. In such
distribution systems, due to the diversity of consumers,
unbalanced load currents are drawn from the system,
causing negative and zero sequence components in these
currents. Considering the number of power switches and
the components used in inverter topologies, the use of
four-leg multi-level inverters, with the neutral point
connected to its fourth leg output, is the best candidate
for supplying unbalanced loads in three-phase four-wire
systems. This reduces voltage distortions and achieves a
more stable output. However, all previously proposed
methods have significant disadvantages, such as complex
digital and computational burdens, as well as low DC-bus
utilization. Additionally, neutral point voltage control in
all these methods requires additional sensors and control
loops.

In this paper, a discontinuous pulse width modulation
method based on a single carrier wave is proposed for a
three-level, four-leg NPC inverter with capacitor voltage
self-balancing capability. In this strategy, in every 60
degrees of the fundamental cycle, only two legs of the
inverter’s three main legs are switched, while the third
leg, depending on the position, is continuously connected
to the upper or lower DC link. This reduces the switching
loss and, due to the simplification of the structure, only
one carrier is needed for control. This capability allows
for capacitor voltage self-balancing without the need for
sensors and control loops.

2. Contributions

In this paper, a discontinuous PWM strategy is proposed
for the four-leg NPC inverter. By using the proposed
strategy, the NPC is converted into three three-level buck
converters every 60 degrees of the fundamental voltage
cycle. The advantages of the proposed control method are
as follows:

1- Fast processing: The modulator structure is simple,
and the algorithm can be implemented easily using only
one carrier wave.

2- Neutral point voltage balancing: Achieved without the
need for any feedback or additional control loops.

3- High-quality output: Capable of producing balanced
three-phase output voltage under balanced/unbalanced
and linear/nonlinear load conditions.

4- Reduced switching losses: Achieved by not switching
the phases with the highest or lowest voltage.

The experimental results of applying the proposed
control method to the four-leg inverter demonstrate the
verification of the theoretical analyses presented in this
paper. Additionally, this method can be generalized and
applied to inverters or rectifiers with a larger number of
levels.

3. Procedures

The effectiveness of the proposed modulation technique
has been proven through the results obtained from the
operation on a laboratory prototype of a three-level four-
leg NPC inverter. The practical results were extracted
when the prototype was operated under a balanced
resistive load and a modulation index of 0.8. The output
phase voltage, output line voltage and three-phase
sinusoidal output voltages were shown. The output
voltage THD was measured and compared with the
conventional method, it was shown that it met the
requirements of the IEEE-519 standard and thus the
output filter parameters are not affected. Considering the
negligible increase in THD, the quality of the output
voltage is guaranteed and the priority of the proposed
method is justified.

The proposed system response under an unbalanced
resistive load was also investigated. The waveforms of
the three-phase voltages and currents were also shown. In
addition, the response of the circuit where one phase and
then two phases were completely disconnected has been
analyzed. In both cases, the output voltage waveform
showed a high-quality sinusoidal shape. The system’s
ability to handle unbalanced and non-linear loads in the
presence of the proposed modulation strategy was also
demonstrated. Three single-phase non-linear loads,
characterized by diode rectifiers terminated with
400V/330mF capacitors and parallel resistors, were
connected to the inverter output. Practical results with
two-phase non-linear loads while the other phase is open
and experimental results with one-phase non-linear loads
while the other two phases are open are shown. The
results show that the non-linearity as well as the loads
unbalance do not affect the performance of the circuit
controlled by the proposed method.

4. Findings

Despite the conventional modulation methods that have
significant disadvantages such as complex digital logic,
the proposed strategy can be implemented using a simple
logic and fast processing. The advantages mentioned are
because the proposed technique allows the four-leg NPC
inverter to be converted into three three-level buck
converters in any given operating region. In addition, the
switching loss is significantly reduced and the capacitor
voltage balancing is also achieved without the need for
an additional control loop. The analysis and simulation of
the proposed method is performed on a four-leg NPC
three-level converter and laboratory tests confirm the
accuracy of the simulation results. The results show that
the proposed strategy is capable of delivering power with
desired quality to all linear/nonlinear and
balanced/unbalanced loads.
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5. Conclusion

In this paper, a discontinuous PWM strategy is proposed
for the four-leg NPC inverter. By using the proposed
strategy, the NPC is converted into three three-level buck
converters every 60 degrees of the fundamental voltage
cycle. The main advantages of the proposed control
method are switching loss reduction and capacitor
voltage balancing without using any additional control
loop.
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