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Simulation Analysis of Fixed Frequency Hysteresis Current Control of

Three-level Inverter Based on Fixed Switch State Switching

YE Kangquan, ZENG Jiang” ,
(School of Electric Power Engineering, South China University of Technology, Guangzhou 510641,

Abstract: [ Objective] Since the introduction of the dual
carbon goals, the rapid development of renewable energy has
led to an increasing application of inverters in power systems.
Hysteresis current control offers advantages such as fast
response and simple control, and it has been widely used in
inverter control. However, traditional hysteresis current
control requires high accuracy of the reference voltage vector
sector, and sector switching can easily lead to uncontrollable
error currents due to sector misjudgment. To address this, a
hysteresis current control strategy based on fixed switch state
switching is proposed. [ Methods ] In the three-level
hysteresis current control method, there are various ways to
divide the sectors. By combining different sector division
methods in the hysteresis control of three-level inverters, the
disadvantage of traditional hysteresis control, where both the
sector and the control strategy should be updated at sector
boundaries, was effectively avoided. This method allowed for
errors in sector judgement of the reference voltage vector while
ensuring the error current was controlled throughout the entire
With a fixed loop width,

cycle. the switching frequency was

variable, leading to increased switching losses. Therefore, a
frequency-fixed control strategy was studied under this
approach. By obtaining the error current data from the
previous cycle, the hysteresis width for the current cycle was
updated to achieve fixed {frequency control, and the
calculation formula for the next cycle’ s hysteresis width was
provided. [ Results] The method was validated through
Matlab/Simulink simulations. The simulation results showed
that the proposed method ensured the error current was
controlled throughout the entire cycle, even when the

reference voltage vector was at the boundaries of sector

LIU Pei
China)

switching, and the switching frequency remained around

20 kHz. [ Conclusion ] The proposed frequency-fixed
hysteresis current control strategy based on fixed switch state
switching aligns well with the theoretical results and
demonstrats accuracy.
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Based on Fixed Switch State Switching
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Fig.1 Structure of three-level photovoltaic grid-

connected inverter system
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Fig.2 Schematic diagram of switching voltage vector
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Since the introduction of the dual carbon goals, combining the sector division methods for these three
renewable  energy  has  experienced  rapid  fixed switching states, a combined sector division
development, with a continuous increase in the  diagram was generated. In this method, the sectors
installed capacity of photovoltaic and other renewable ~ with fixed switch states of 1 and -1 respectively
energy sources. This has resulted in the growing  spanned across each other’ s sector switching
application of inverters in power systems. With their ~ boundaries. This effectively avoided the traditional
widespread use, the control precision requirements  hysteresis control ° s drawback of requiring
for inverters in power grids have been gradually  simultaneous updates to control strategies at sector
increasing.  Hysteresis current control, as an  boundaries. Even when sector judgement errors for
important inverter control method, is characterized  the reference voltage vector existed, the method
by its simple control logic, fast response speed, and  ensured that error currents remained controlled. To
high  control  precision. ~ However, traditional  achieve fixed frequency control, error current
hysteresis control adopts different control logics based ~ variation data from the previous cycle was used to
on the region of the reference voltage vector, which  update the loop width for the current cycle.
can lead to uncontrollable error currents during sector Simulation results showed that this method
switching. maintained control of error currents even during

To address these issues, this study first  sector switching and effectively resolved the loss-of-
conducted modeling and analysis of three-level  control problem at sector boundaries in traditional
inverters and detailed the principle of error current  hysteresis control, as shown in Fig. 1. Additionally,
loss of control in traditional hysteresis current control ~ the switching frequency remained stable at
during sector switching. Due to factors such as  approximately 20 kHz.
sampling delays, sector judgement of the reference < orror crrent
voltage vector in practical environments may involve §
errors. This can cause brief sector misjudgments g
during sector switching. Sector misjudgments lead to S obo oo 0t4/0520 0.025 0030
incorrect outputs of corresponding control strategies, 20
ultimately resulting in uncontrollable error currents at % 10 ’_,_,_,—|
the sector switching boundaries. s . I_ ]

The study then analyzed the characteristic of 0010 0.015 0'5520 0025 0030
three-level inverter hysteresis control with the third- Fig.1 Diagram of ab-phase error current and sector
phase switching state fixed at 1, —1, or 0. By with fixed switch state switching

S2
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