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Abstract
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This paper introduces an advanced application for the T-type five-level inverter (T5).
The T5 will be used in this work to inject power generated from renewable energy sources
(RESs) to the utility grid. An enhanced space vector PWM (SVPWM) algorithm is used as
the modulation technique of this inverter. A closed loop power control is implemented to
deliver the required reference voltages for SVPWM algorithm in order to control the
inverter power flow at AC side. The T5 and its control system are demonstrated, analyzed
and discussed with extensive MATLAB/Simulink simulation studies to evaluate the
inverter output power. The results show that the proposed inverter has a significant
improvement in the quality of the injected power to the grid which makes it a good
candidate for the grid interconnection applications.

System Description

Capacitor balance circuit for T5 Converter 4
In this work, the three level boost converter (TLBC) is used to balance voltage across the
inner capacitors C2 and C3 where another voltage balance circuit shown in Fig. 4 is used
to balance the voltage across the outer capacitor C1 and C4 of the T5
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Fig. 1 depicts the structure of a typical modern power network that encompasses a portion
of DCMG power system which includes a variety of DGs and an energy storage system
(ESS). The connection of AC and DC DGs to the DC bus requires AC/DC and DC/DC
converters while the interconnection with the utility grid needs DC/AC converter. T5
inverter is used to transfer all the generated power from DGs to the utility grid. Fig. 2 shows
the circuit diagram for three phases T5 converter. From Fig. 2, it can be noticed that T5 has
less number of components compared to Diode Clamped Converter (DCC) and Fly
Capacitor Converter (FCC)

Fig. 4. Voltage balancing circuit of inner and outer capacitors

Fig. 5. Control system of circuit of inner (left) and outer capacitors (right)

Closed Loop Control of Grid Connection
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In this section, a power control strategy is used to interface the T5 to the utility grid and
control its power flow. This configuration, shown in Fig. 6, has a current loop including a
repetitive controller so that the current injected into the grid could track the reference
currents id* and iq*, which are generated from the P-Q controller,

Fig.1: The block diagram of the overall System

Fig. 6. Grid connection control design

Results and Discussion
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In this section, the block diagram of Fig. 6 is implemented based on Matlab/Simulink
including the T5 converter, capacitor balance circuits, main utility grid and control circuits.

Fig.2: Circuit diagram for three phases T5 converter

Enhanced Space vector PWM technique 3

Fig. 7. Active power flow at AC side (left) and Reactive power (right)

In this section, SVMMB based on Matrix block is used to control the semiconductor device
of the T5. The aim of this SVMMB is to generate a pulse width modulation for all switching
devices of the converter from the reference voltage vector.
Fig. 8. Load current (left) and T5 current (right)

Fig. 9. T5 voltage (left) and THD (right)
Fig.3: Block diagram of the multilevel multiphase SVPWM
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Conclusions
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The grid interconnection of RESs based on T5 inverter has been proposed in this paper. As
an advanced DC/AC inverter topology, the T5 is introduced for AC grid interconnection.
Using the T5 converter, the RESs is able to deliver high quality voltage and current
waveforms. A three-level boost converter capacitor-balanced circuit has been implemented
in order to balance the voltage across the converter’s input capacitors. In addition, an
advanced space vector PWM technique has been used to minimize the voltage total
harmonic distortion. A closed-loop power control strategy is designed to manage the power
flow between the AC-grid, the T-5 converter and the load. The results show that the T-5
converter is a good candidate for grid integration of RESs.

