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Abstract

In this paper, a novel approach for comprehensive state-space modelling of the grid connected multi-
level inverters is proposed. Details of the developed method is presented using cascaded H-bridge
converters, however it can be applied to other topologies of the grid connected inverters as well. In
multi-level converters, due to their nonlinear characteristic, application of the nonlinear controllers is
more beneficial to ensure stability of the system in a wide range of operation. Hence, the state-space
model is required to design a nonlinear controller. To achieve converter model, it is divided into some
sub-circuits considering different operational intervals in a switching cycle. To verify accuracy and
effectiveness of the obtained state-space model, a laboratory setup of a multi-level. Converter with two
H-bridges has been designed and implemented. Also, results of the developed state-space model has
been compared with the simulation/experimental results of the grid-connected converter. According to
the simulation and experimental result, accuracy of the model is verified. It should be noted that all of
the simulations have been performed by EMTDC/PSCAD toolbox.
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Figure (1): The general structure of a network-connected cascaded multilevel inverter
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Figure (2): The general structure of a network-connected cascaded multilevel inverter, assuming that all bridges are on.
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Figure (3): General PWM switching structure of network-connected cascaded multi-level converter
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Figure (17): Waveforms of a network connected cascaded multi-level inverter with two H-bridges in which the control signal (u) with a

phase difference of 30 degrees to the grid voltage, with step changes from 0.85 of the carrier wave (V) to zero finds. a) Vpc voltage and
state variable x, from simulation. b) V¢ voltage from a practical sample.
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Figure (18): Waveforms of a network connected cascaded multi-level inverter with two H-bridges in which the control signal (u) with a
phase difference of 30 degrees to the grid voltage, with step changes from 0.85 of the carrier wave (V) to zero finds. a) Inverter output
voltage from simulation. b) Inverter output voltage from practical results.
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Figure (19): Waveforms of a network connected cascaded multi-level inverter with two H-bridges in which the control signal (u) with a
phase difference of 30 degrees to the grid voltage, with step changes from 0.85 of the carrier wave (V) to zero finds. a) Control signal
waveforms and grid voltage from the simulation b) Control signal waveforms and grid voltage from practical results.
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