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Square Voltage Feedback Control Algorithm for Single-Phase Cascaded
H-Bridge Rectifier

LI Yanshuai, XU Chuanfang® , SONG Yangyang
(School of Automation and Electrical Engineering, Dalian Jiaotong University, Dalian 116000, China)

Abstract: The single-phase cascaded H-bridge rectifier is
taken as the object of study, and its control strategy is
studied. Firstly, based on the double closed-loop control
strategy, the dgq feed-forward decoupling model is
constructed, and the influence of the virtual AC component on
the system is improved by the second-order generalized
integral algorithm, the fast and accurate tracking of grid-side
current to voltage phase and frequency is realized. Secondly,
the traditional voltage balancing control algorithm is improved
by defining the power balancing relationship, the output
voltage square is taken as the control signal to enhance the
adaptive ability of the system and improve the dynamic
performance of the system during load switching. Finally,
simulations based on MATLAB/Simulink software are
performed to verify the correctness and effectiveness of the
proposed strategy.

Key words: single-phase cascade H-bridge rectifier; double
closed-loop; square voltage feedback control; dg feed-forward
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Fig.1 Topology of single-phase cascade H-bridge

rectifier
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Fig.2 Double closed-loop control block diagram
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Fig.4 Block diagram of the inner loop of the

feed-forward decoupling current
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Fig.5 Block diagram of voltage outer loop control

based on feed-forward decoupling
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Fig. 6 Block diagram of traditional voltage balance

control strategy
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Fig.7 Block diagram of the square voltage feedback
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Fig.8 Simulation waveforms of two voltage balancing

strategies with load variation
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decoupling control

Power electronic traction transformer is mainly
used in high voltage, high power actual working
conditions. In order to improve the conversion
efficiency of the system and reduce the pressure of
switching devices, the non-power frequency cascade
modular structure has become a new research
hotspot. As the precursor stage of the non-power
frequency transformer, the single-phase cascaded
H-bridge rectifier (CHBR) not only has to provide
a high-quality current waveform for the grid-side
input, but also has to provide a guarantee for the
stabilized output of each H-bridge voltage. The in-
depth study of CHBR is of great significance to the
development of a new generation of non-power
frequency traction transformers.

In this paper, the single-phase cascaded H-
bridge rectifier is taken as the research object, the
main circuit, control strategy and output voltage
control of each H-bridge of the single-phase CHBR
are investigated from from both theoretical and
simulation perspectives. The basic control loop

adopts PI control based on dgq feed-forward
decoupling, and uses the second-order generalized
integral algorithm to construct the virtual AC phase,
which not only has good harmonic suppression

capability, but also can quickly extract the

fundamental component of the signal, effectively
improving the tracking capability of grid-side current
to voltage. In addition, through the derivation of the
power balance relationship, the output voltage
squared is used as the control signal, and its

parameters can be adjusted in real time with the

operating state of the system, which effectively
reduces the maximum unbalanced voltage difference
of the output voltage in the face of disturbance, and
has a very good dynamic response and steady-state
performance. Finally, a simulation model of the H-
bridge rectifier with single-phase three-cascade unit
is constructed, and the simulation results verify the
effectiveness of the proposed strategy.

The single-phase cascaded H-bridge rectifier
model is shown in Fig.1, the main control module
adopts the current and voltage double closed-loop

and adds a

algorithm  to

generalized
virtual AC

component on the Pl control method based on feed-

strategy , second-order

integral construct a
forward decoupling. The voltage balancing module
redefines the power balance relationship of the
system, uses the DC side voltage square as the
control signal, and sets up open-loop regulation for
the decoupling term of the active duty cycle. The

effectiveness of the method is verified by simulation.

Fig.1 CHBR control block diagram
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