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Predictive Control of Four-leg Three-phase Inverter

Four-leg voltage source inverter represents an appropriate development for the traditional three-leg inverter. This type of]
inverters is presented by the need to deal with the unbalanced and non-linear loads, where these loads appear in many
industrial fields. Theoretical analysis and operation principles for the inverter are presented first. A Matlab/Simulink model is
presented using Space Vector Pulse Width Modulation SVPWM technique, this structure is based on the large signal model of]
the inverter. The simulation results for the worst load conditions scenario (unbalanced linear and non-linear) are obtained.
Observation of the continuity of the fundamental inverter output voltages vector in stationary coordinates is detected for betten
inverter performance. The testing of the proposed inverter model proves its effectiveness to produce output voltages under
various load conditions with lower total harmonic distortion THD.

In this work, a traditional Parallel Resonant DC Link (PRDCL) circuit is employed to produce soft switching for the SVPWM
four-leg Voltage Source Inverter (VSI). The presented circuit provides a short period of zero voltage across the inverter|
during the zero-vector occurrence. The transition between the zero and the active vectors is accomplished at Zero Voltage
Condition (ZVC), the circuit action reduces the switching loss significantly. Moreover, the inverter output voltage THD is not|
affected by the circuit operation. This is due to the simultaneous occurrence of the zero voltage periods and the zero-vector
(non-active) periods. To confirm the simulation results, balanced and unbalanced loads are considered. In addition, the|
SVPWM with symmetrically aligned technique is used to compare the hard and the soft switching inverters, the results prove
the validity of the presented technique with observed reduction in switching loss. Finally, a Matlab/Simulink model for the
Finite Control Set Model Predictive current Control FCS-MPC based on cost function optimization, with current limit]
constraints for four-leg VSI is presented in the thesis, as a new control algorithm. The algorithm selects the switching states|
that produce minimum error between the reference currents and the predicted currents via optimization process, and apply the
corresponding switching control signals to the inverter switches. Comparison is made between the SVPWM and the FCS-
MPC control strategies for the same load conditions, the results show the superiority of the new control strategy with
observed reduction in inverter output voltage THD. Different load conditions are considered to demonstrate the robustness
and effectiveness of the presented model of the predictive control algorithm. The simulation results in all load conditions even
with sudden change in load, show that the load current track and match its reference without deviations or overshoots.




