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Abstract: This paper primarily discusses the main circuit of single-phase inverter circuits. It begins by introducing the
research context and the significance of the subject, then discusses the topology of grid-connected single-phase inverter
circuits, continues by discussing the control strategy for grid-connected single-phase inverter circuits, realizes a sinusoidal
pulse width modulation (SPWM) signal generation circuit and an inverse control algorithm program, and finally ensures good
output waveform and fast dynamic response. In view of the hysteresis feature of the grid voltage’s synchronous signal
sampling circuit, the acquisition function in digital signal processing (DSP) control chips is applied, and the reasons for the
hysteresis phenomenon are thoroughly investigated. The reliability of the SPWM control algorithm is revealed through the

results.
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1. Research background

In the 21st century, the global energy crisis is escalating. According to a report by the World Energy
Congress, the world’s explored energy reserves have been used by mankind for no more than 200 years.
Therefore, it is urgent to develop new energy [l As the largest developing country in the world, China
ranks first in energy consumption growth. In 2017, China’s total energy consumption was 24.6 billion tons
of standard coal, an increase of 9.3% over previous years 2. Due to technological barriers, China’s energy
development is occurring at a sluggish rate that is far slower than the global average, hastening the country’s
imminent new energy collapse Bl According to a report presented by China Electric Power Research
Institute, the energy supply-demand gap between 2010 and 2020 is 6.4% and 10.7% ™. Therefore, China’s
primary strategy for keeping pace with global energy development is the growth of renewable energy. The
development of solar energy addresses China’s fundamental national needs. Hence, China’s future energy
supply may rely heavily on solar photovoltaic energy generation 1. The grid connection technology is
crucial for photovoltaic inverters.1234

2. Topology and control strategy of grid-connected single-phase inverter circuit

2.1. Topology of grid-connected inverter circuit

An inverter circuit requires a simple topology to reduce energy loss in the transmission process 1. In regard
to output, it is important to consider whether the input and output terminals meet certain requirements, such
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as THD (total harmonic distortion) < 5% and power factor 1 '], Inverter circuits can be divided into isolated

inverter circuits and non-isolated inverter circuits, in which an isolated inverter circuit can be either a high-

frequency isolation type or a power frequency isolation type, while a non-isolated inverter circuit can be

either single-stage or two-stage [1.57

(1) Power frequency isolation transformers usually adopt the DC/AC mode, as exemplified by the power
frequency isolation transformer circuit diagram in Figure 1A. This mode will not only effectively
isolate the power grid, but also filter the DC component of the output waveform of the inverter circuit,
which can reduce pollution to the power network [1.°

(2) As shown in Figure 1B, single-phase transformers only use one-level DC/AC to be directly connected
to the power grid, which can improve the efficiency of the inverter circuit.
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Figure 1. Topology of grid-connected inverter circuit; (A) Power frequency isolation transformer; (B) Single-phase transformer

2.2. Working principle of grid-connected inverter circuit

Using voltage input to control current output, a single-phase inverter circuit can be designed 9. This paper
selects a single-phase full bridge inverter circuit. The circuit structure is shown in Figure 2. Filter
inductance is added to the final output portion of the inverter circuit to reduce current burr, and voltage is
transmitted to the power grid through the power frequency isolation transformer. As shown in Figure 2,
the input voltage on the DC side is recorded as Uq, and the smoothing capacitor on the DC side is recorded
as C. It also has energy storage function. AC is the output voltage of the whole inverter circuit, and L is the
filter inductance. Using high-frequency SPWM control, the two pairs of IGBT tubes are turned off
alternately, creating an equivalent AC voltage, so as to repeat the equivalent AC voltage and filter | to form
sinusoidal AC signals at the output. At the same time, the reactive power supply feedback channel is
attached to the power side, and each arm of the inverter bridge is connected with the feedback diode in
parallel 111,10
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Figure 2. Topology of the main circuit
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3. Research and implementation of the control strategy for grid-connected single-phase inverters
3.1. Digital SPWM modulation and SPWM signal generation circuit

Most inverse modulations are SPWM waves generated by DSP chips 2. This paper will use DSP to
calculate the SPWM-wave-driven inverter circuit [*. The TMS320LF2407 has EVA and EVB
management modules, which can control the output of 16 PWM signals. In this design, only four event
management modules (EVA) are used, which are recorded as PWM1~PWM4; other EVAs can be used as
standby. PWM is a very effective technology for DSP to control analog circuit. Based on the corresponding
load change, the preload of the base or the gate of MOS tube can be set to realize the change of the line
time of the transistor or MOS tube, so as to realize output change 41,1112

3.2. Generation principle of bipolar SPWM

In order to generate an ideal SPWM wave, it is necessary to select the appropriate modulation wave and
carrier wave. This paper selects the sine wave and triangular wave as the modulation wave and carrier wave,
respectively [*°. The modulated wave is recorded as uy; its frequency and amplitude are set as fs and Usm,
respectively. The carrier wave, as a triangular wave, is recorded as u,; its amplitude and frequency are
specified as Ucm and fc, respectively. The carrier ratio is the ratio of the fundamental triangular wave f; to
the sinusoidal modulation wave fs; that is, p = fc/fs. The modulation depth is marked as m, which is defined
as the ratio of the amplitude of the modulation signal to the triangular wave signal, where m = Usm/Ucm.
The change of modulation depth m will affect the fundamental amplitude of the SPWM inverter’s output
voltage [*¢1, When the base frequency and modulation depth of the output voltage are much lower than the
carrier frequency, the amplitude of the base voltage U: and U1n, satisfies the following relationship:

Uim = mUqg

4. MATLAB simulation of the inverter circuit

4.1. Inverter simulation

In the simulation environment, a simulation circuit model is created in MATLAB/Simulink. As shown in
Figure 3, the bridge arms of two general bridge modules are selected to form a single-phase full bridge
circuit. The insulated-gate bipolar transistor (IGBT) of the anti-parallel diode is selected for the switchgear;
then, the DC voltage module is set to 45 volts; the resistance and inductance loads are setto 1 and 5 mH,
respectively [, A PWM generator is used to process the bipolar SPWM wave. The modulation depth m =
0.8, the output fundamental frequency is 50Hz, and the carrier frequency is set to 60 times of the
fundamental frequency (8. The simulation time is set to 0.06 seconds, and the sampling time is set to 5.1
x 10® seconds. Based on the simulation environment set, the waveforms of output AC voltage and AC
current can be obtained, as shown in Figure 4. The output current is 50Hz sine wave, and the voltage is
bipolar PWM type.
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Figure 3. Simulation model of bipolar SPWM single-phase full bridge inverter circuit
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Figure 4. Simulation diagram of the single-phase full bridge inverter model

4.2. Grid-connected inverter circuit simulation
After designing the inverter circuit, the entire inverter circuit model is analyzed and simulated. The
simulation model is shown in Figure 5. Without any added feedback, the simulation results are shown in

Figure 6.
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Figure 5. Simulation model of voltage-current double closed-loop feedback control circuit
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Figure 6. Grid connection simulation diagram without feedback regulation
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It can be seen from Figure 6 that the voltage and current signals are not synchronized. Hence, the

power factor may not reach the predetermined value. The reason for this is that the inverter is not regulated
by the voltage-current double closed-loop feedback. The grid connection simulation results after feedback
regulation are shown in Figure 7.
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Figure 7. Grid connection simulation diagram with voltage-current double closed-loop feedback regulation

From Figure 7, it can be seen that the waveform in Figure 6 has the same frequency and phase effects

as the grid-connected current after the voltage-current double closed-loop feedback. The predetermined
power factor can be achieved once the current is connected to the grid. The purpose of the design is realized
through the network.
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