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RESEARCH ON PHOTOVOLTAIC GRID-CONNECTED
INVERTER WITH SOURCE FILTERING FUNCTION

ABSTRACT

In recent years, with the increasing prominence of energy crisis and
environmental pollution, solar energy has been widely used in grid-
connected power generation as a sustainable use, clean and pollution-free
emerging energy source, but there are factors such as unstable
photovoltaic grid-connected power generation, expensive related
equipment and low utilization rate, which restrict its development to a
certain extent; on the other hand, too many nonlinear loads connected to
the power grid will lead to a significant increase in harmonic current,
which seriously affects the power quality of the power grid. This paper
deeply studies the commonalities between the structure and control
method of photovoltaic grid-connected inverter and active filter, and on
this basis, a unified control strategy is proposed by combining the two, so
that the photovoltaic grid-connected system can achieve grid-connected
power generation while having the function of source filtering, reduce the
application cost, and improve the economic benefits of system operation.
The specific research contents of this paper are as follows:

Firstly, the structure and working principle of various photovoltaic
power generation systems are studied, and through comparative analysis,
it is clarified that the topology of the two-stage non-isolated photovoltaic
grid-connected system is selected in this paper, and the disturbance
observation method is adopted to achieve the maximum power output of

photovoltaic modules and improve the utilization rate of electric energy.
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Then, the structure, advantages and disadvantages of the three active
filters are summarized, the working principle of the parallel active filter is
emphatically studied, and the photovoltaic grid-connected system and the
parallel active filter used in this paper are compared and analyzed, and the
conclusion that the two can achieve unified control is theoretically
obtained, so as to establish the overall structure and control scheme of the
system in this paper.

Secondly, in order to realize the accurate detection of harmonics in
the system, the p-¢g and i,-i;, harmonic detection methods based on the
instantaneous reactive power theory are studied. In order to solve the
problem of the error of the i,-i; harmonic detection method in obtaining
the phase information of the grid voltage when the grid voltage is
distorted, this paper combines the bi-second-order generalized integrator
with the traditional phase-locked loop to improve the traditional i,-i,
harmonic detection method, so that the phase and frequency signals
obtained during the grid voltage distortion are more accurate, and the
harmonic detection accuracy of the system is effectively improved.
Through the simulation experiments in Matlab/Simulink, the
experimental results show that the improved i,-i, harmonic detection
method is more accurate when the grid voltage is distorted, and the grid
voltage phase information is more accurate, and the harmonics detected
are more accurate.

Thirdly, in order to realize the unified control strategy proposed in
this paper, the dual closed-loop control of voltage and current is adopted.
For the DC side voltage outer loop control, the precise adjustment
characteristics of the PI controller are used to stabilize the DC side
voltage near the reference value, which ensures the stable operation of the
system. In order to ensure that the system completes the accurate tracking

and control of the command current in different modes, a synthesis
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scheme of the command current is proposed, on this basis, the PI-RC
control method in the dg coordinate system is used to track and control
the command current, and then the SVPWM modulation technology is
used to control the opening and closing of the switch tube of the inverter
so that the current that matches the output of the inverter and the
command current, so as to realize the unified control strategy proposed in
this paper.

Finally, the simulation experimental model of the system is
established using the Matlab/Simulink platform, and the three different
working conditions proposed are verified separately, and the simulation
results confirm the feasibility of the control strategy in this paper.

Wei Jun Qiu (Electronic and Information Engineering)
Supervised by Professor Chen Qi Gong

KEY WORDS: PV grid-connected, active filtering, grid-connected
inverter, harmonic detection, current tracking control, harmonic

compensation
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3 e o i R AR A

I 3-4 B AlREL e 0
“HHE RS S LA

~ 2 ) 2 4 .
u :E[u e +u, e’ +u, e’ j: U, (coswt + jsinwt) (3-17)

A FEL P B T = AR PR HL R 1 I, = R IR R IA AN (3-18) s

u, =U, cos(wt)
u, =U, cos(wt—120") (3-18)
u, =U, cos(wt+120)

Horp U = A EIRME, W R R AR PR AR FR ] 3-4 s, A
[E] AL bR 22 T HEL I EE s 30k s (3-19) F1(3-20) s :

{ua } o {cos(a)t)}
=Cy|u, |=U, (3-19)
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Hrf Upy U3 RINIEF 7 BT 70 R, RIEAN:




8 W YN T e VAT

o[y e
3o S S

20 (3-25)/3B-26) 1 51 U, U, FIFALRI R bR R b, #RAMZEx2 1), H
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