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Predictive Control Strategy for a Novel 15-Level Inverter with Reduced Power
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Abstract: This paper proposes a novel fifteen-level H-PTC inverter topology controlled by model predictive
control (MPC), which reduces the number of components. The design employs only two DC sources, nine switches,
including one bidirectional switch, and a single capacitor. The system's performance is validated through
MATLAB/Simulink simulations under various scenarios, such as steady-state operation, load variations, nonlinear loads,
and sudden supply voltage disturbances. Compared to existing topologies, the proposed inverter demonstrates hardware
simplicity, high output quality, and enhanced dynamic robustness. Notably, it features very low total standing voltage
(TSV) and a minimized cost function value of 2.05. For a load characterized by R = 20 Q and L = 20 mH, the total
harmonic distortion (THD) of the load current is 0.88%, confirming excellent power quality without the need for output
filters. The MPC controller ensures a fast dynamic response and strong adaptability, making this topology ideal for
modern energy conversion applications.
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Figure 2 Proposed H-PTC Inverter
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Table 1 Commutation States for the H-PTC Multilevel Inverter
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Figure 3 Switching Configurations of the Inverter Corresponding to Null and Positive Voltage States
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Figure 4 The Block Diagram of MPC
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Table 3 The Simulation Parameters

#Z3 ESH

B Vdel Vde2 FRIRE £ R L HA C
HUE 360 V 60V 20 kHz 200 20 mH 1000 pF
420 !
?, 180
S
-‘5 0
‘6 -180
=
=-420. ‘
1 1.01 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 11
Time (S)
(@)

N
o

-
(=]

Load current (A)
3 o

i
N
(=]

101 102 103 104 105 106 107 108 1090 1.4
Time (S)
(b)
Figure 5 Waveforms of (a) Load Voltage VL and Capacitor Voltage VC and (b) Load Current
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Figure 6 Fast Fourier Analysis of (a) the Load Voltage and (b) the Load Current
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Figure 7 Waveforms of Load Voltage VL and Capacitor Voltage VC during Load Change
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Figure 8 Waveform of Load Current During Load Change
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Figure 9 Waveforms of Load Voltage VL and Capacitor Voltage VC during Nonlinear Load Operation
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Figure 10 Waveform of Load Current during Nonlinear Load Operation
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Figure 11 The Waveforms of the Load Voltage VL and Capacitor Voltage VC (a) before the Change of DC Sources
and (b) after the Change of DC Sources
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Figure 12 The Waveform of the Load Current during the Change of DC Sources
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