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Abstract: This paper presents a control strategy for the cascaded H-bridge rectifier (CHBR). Using
Pl based voltage controller and proportional-resonant (PR) current controller, and adding low
frequency (step modulation) and high frequency (pulse width modulation) mixed modulation
control algorithm, the control objectives of shaping input AC current, correcting power factor and
stabilizing DC side voltage are realized. By building a seven level CHBR simulation model based
on MATLAB / Simulink, the feasibility and effectiveness of the control strategy are verified by
simulation.

1. Introduction

In recent years, with the development of power electronic technology and modern control theory,
the application of power electronic devices in the field of high voltage and high power is increasing.
Limited by the withstand voltage conditions of the device, the research on multilevel topology and
related control theory has received extensive attention. Multilevel (ML) converter has become the
most suitable choice in high power applications. Many multilevel converter structures have been
covered in previous literature, including neutral point clamped (NPC) / active NPC, cascaded
H-bridge (CHB) converter, flying capacitor (FC) and many other improvements. Among them, CHB
converter has attracted more attention due to its high modularity, less use of electronic components
and uniform distribution of semiconductor losses among the power switches [1]. It has been widely
used in the fields of high-voltage and high-power motor drive, power electronic transformer, active
filter and reactive power compensation [2] - [6].

As a typical application of CHB structure, cascaded H-bridge rectifier (CHBR) also has many
characteristics of this topology. Controlling the DC voltage balance of all levels of power units is the
premise to ensure the safe and reliable operation of the whole CHBR system, and is the basis for the
application of low-voltage power devices in high-voltage situations. Therefore, it is very important to
study the strategy of maintaining DC side voltage stability and regulating AC side input current
quickly and accurately.

Different DC side voltage balancing control algorithms are proposed in [7] - [12]. A control
scheme based on low frequency step modulation is adopted in [7]. This strategy controls the DC side
voltage balance by looking up the table to select the switch redundancy state. A passive control
strategy considering energy balance is introduced in [8]. The strategy decouples the CHBR to realize
the energy control of all levels of H-bridge units, so as to realize the control of DC side voltage at all
levels. In the control, a passive controller is designed to decouple the H-bridge completely. A
balance strategy based on carrier phase-shift modulation technology is proposed in [9], [10]. The
power balance between modules at all levels is realized by adjusting the phase and amplitude of
modulation voltage at all levels. In [11], a control scheme based on PI controller is proposed to
alleviate the voltage imbalance of cascaded H-bridge by controlling the power flow of the converter.
In [12], a stable voltage balance method is proposed, which uses the estimated DC-link capacitor
energy to track the DC voltage changes of the converter based on an adaptive resonance algorithm.

Although the above control algorithms are effective, there are still some disadvantages such as
current spectrum and variable switching frequency uncertainty, sensitivity to system model accuracy,
complex parameter design and heavy calculation workload [13].
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In [14], CHBR voltage balancing technology with hybrid modulation strategy is proposed, which
takes advantage of low frequency switching and high frequency pulse width modulation technology.
A low frequency control loop is added to manage the working state of each cell to realize the voltage
balance between the H-bridge cells in [15]. However, the system also has the influence of variable
switching frequency. Therefore, in this paper, an improved hybrid PWM technology is proposed to
adjust the input AC current and stabilize the DC capacitor voltage.

2. System configuration
2.1 Rectifier structure

As shown in Fig. 1, the CHBR consists of three H-bridge modules in series. Each H-bridge
module consists of four power semiconductor devices and a DC side capacitor. v, represents the

input AC voltage source at the grid side, %, represents the input AC current at the grid side, Ly
represents the filter inductance at the grid side; the steady-state value of DC side voltage of each
power unit is expressed as Viei,ViezsVaes; Lac1,lac2,1acs is the output current of each stage;

Rp.,Rpo,Rps is the resistance which is used to equivalent DC side load.
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Fig. 1 Cascaded H bridge rectifier with three modules.

2.2 controller configuration

The proposed control scheme is shown in Fig. 2. The controller should determine the control
mode from k. to ks to achieve the control goals of adjusting input current, correcting power

factor and stabilizing DC side voltage [15]. In this paper, a two-stage cascade controller is used to
achieve the control goal. The outer loop is tracked by a voltage controller based on PI, which adjusts
3

the total DC voltage from X V.. toN X V.. The output of PI controller is the reference current to
i=1
control the amplitude of AC current. The phase-locked loop is used to generate the input current

which is synchronized with the phase and frequency of the grid voltage. The inner loop is a current
controller. It is well known that the PR controller has a good ability to track AC signals and can

provide infinite gain at w [13]. Because it is easy to implement and can realize zero steady-state
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error of phase and amplitude, this paper uses PR controller [16]. The output v, of PR controller is
used as the reference voltage of AC side.
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Fig. 2 The controller block diagram of the cascaded H-bridge.

The switch function h,(:=1,2,3) has four operation modes: “ +1”, “ -1, “0” and PWM [15].
In each switching cycle, the balance algorithm applies the appropriate switching mode for each
power unit by comparing v..When h;=+1, S and S are on, the AC side output voltage of

the module is +Va.; when h;=-1, S, and Ss are on, the AC side output voltage of the
module is —Vai; when h; =0, Sy, S4 (or Si, S3) is on, and the AC side output voltage of the
module is 0. The switching function &; and its corresponding output AC voltage are shown below.

+Vaei hi =+1
Ve hi =-1 .
— =1.2
Uhi 0 h,=0 (Z k) 3) (1)

PWM Reference h;= PWM

3. proposed modulation strategy

The main challenges associated with the CHBR control are: 1) adjusting the input current and
controlling the input power factor; 2) maintaining voltage balance across DC side capacitors [15].
The first goal will be achieved through the main function of the switching strategy. The second goal

means adjusting the DC voltage of each unit to a reference value V... If the H-bridge modules are

the same and the power distribution is equal, a symmetrical switching strategy similar to PS-PWM
can be used. However, in the case of unbalanced load and uneven power distribution, more complex
modulation strategies must be used.

In order to make full use of low frequency (step modulation) and high frequency (PWM)
modulation techniques, a hybrid modulation method is adopted [15]. The specific steps of the
proposed control algorithm are as follows:

Define the voltage area. v. isin the Kth voltage region if:

K—1 K
YVi<|v| < XV, +Vyg (2)
i=1 i=1

Where Vi—Vy represents the DC side voltage of each power unit Vi1 — Van in ascending

order.
(2) Assign appropriate operation modes to different units according to the control rules shown in

Fig. 3 after the voltage region of v, and the positive and negative of %, and v, are determined.
Vi,Va,+--Vy are the DC side voltage in ascending order, i.e. Vi<V,<<:--<Vy. In each

switching cycle, only one unit works in PWM mode, and the others are in "+ 1" or "- 1" mode.
According to the block diagram, we can get that if v, >0 ,4;, >0, andN — K is even, then the

V17Vv27”

units corresponding to "V#ﬂ are set to "+ 1" mode, unit corresponding toVNLZK is in

73



PWM mode, and units corresponding to VNL;(H""’VN*“VN are in "- 1" mode. The operation is

similar in other states.
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Fig. 3 Flow chart of control algorithm.

Therefore, the proposed modulation strategy uses a combination of high-frequency and
low-frequency switches, which can significantly reduce the switching loss. The low-frequency
switch is responsible for assigning the optimal switching state for each unit to maintain the balance
of capacitor voltage, while the high-frequency SPWM is used to shape the grid current [16].

Assuming that the ¢th unit works in PWM mode, the reference voltage of PWM module v, pwas is
derived as follows:
N
Vr,PWM: V,— X hj Vdcj (3)
j=1j+i
In other words, the reference voltage of the 4th unit shall be determined such that the resultant
total AC voltage is equal to v.. The modulation signal v.rwa is obtained by the difference
between v, and Ve, and is compared with the triangular carrier in order to generate the switch
command of the th unit and control the on-off of the semiconductor device [16].

4. Simulation results and analysis

In order to test the effectiveness of the control strategy, based on the above theoretical analysis,
the CHBR model of three power units is built in MATLAB / Simulink and verified by simulation.
The parameter settings are shown in Table 1, and the simulation results are shown in Fig. 4 through
Fig. 9.
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Table 1 System simulation parameters

Parameter Value
Number of H-bridges 3
Input AC Voltage 120V
Input Filter Inductor 8mH
DC Link Voltage of Cells 80V
DC Link Capacitors of Cells 6mF
Cell Load Resistance 50Q
Rated Cell Output Power 128W
Input Grid Frequency 50Hz
Low Frequency Switching 250Hz
High Frequency Switching 2500Hz

Fig. 4 shows that under the condition of rated parameters and balanced load, the grid side voltage
and current of CHBR are balanced and the phase is consistent. The frequency spectrum of AC
terminal voltage, grid current and DC load voltage is obtained by using the fast Fourier transform
analysis toolbox of MATLAB / Simulink. As shown in Fig. 5, THD of AC terminal voltage is
25.59%; THD of grid current is 1.51%, and harmonics with frequency of 50 Hz integer times
account for a large proportion; THD of DC load voltage is 0.53%.
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Fig. 4 simulation results of the system under rated conditions
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Fig. 5 The frequency spectrum of (a) AC terminal voltage, (b)grid current, and (c) DC load voltage.

Fig. 6 and Fig. 7 verify the dynamic performance of the system. First of all, Fig. 6 shows the
corresponding change of DC side capacitor voltage under the condition of 30% grid side voltage
disturbance at 0.5s. It can be seen from the figure that before the disturbance, the control system
stabilizes the DC voltage near the rated value of 80V. After the disturbance, the system successfully
compensates the disturbance on the grid side and maintains the voltage balance between DC
capacitors. Then, Fig. 7 shows the waveform of DC side voltage and grid side input current when
R, =5082,R;,="70§2,R.;5=50§2for 0.5s. It can be seen from the figure that when the load

changes, the voltage of the DC side capacitor is disturbed. However, the control system quickly
responds to the load disturbance and adjusts the DC voltage to the required reference value.
Therefore, the control algorithm has small steady-state error and good dynamic performance, and can
stabilizing DC side voltage well under various conditions.
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Fig. 6 Simulation results of the system under grid side voltage disturbances (30%).
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Fig. 7 Simulation results of the system under unbalanced load conditions.

5. Conclusion

Aiming at the important problems of how to adjust the AC side input current of CHBR and keep
the DC side voltage balance at all levels, a control strategy using hybrid modulation method is
proposed in this paper. The strategy can adjust the input current to sinusoidal form and stabilize the
DC voltage. The simulation results show that the proposed control scheme can eliminate the
steady-state error and improve the dynamic performance of the system, which verifies the accuracy
and feasibility of the theoretical analysis and control algorithm, and has a broad application prospect
in high-voltage and high-power CHBR.
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