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Fig. 1. PI regulating single-phase H-bridge photovoltaic inverter control system: (a) System schematic diagram with EDFC applied;

(b) system schematic diagram with IEDFC applied.
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Fig. 2. Bifurcation diagram with inductance current at peak
value without chaos control (n = 100+ 400k, k=1, 2, 3, -+):
(a) Bifurcation diagram with k, as bifurcation parameter;

(a) k, WA SH 52 (b) EH

(b) bifurcation diagram with F as bifurcation parameter.
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Fig. 4. Bifurcation diagram with inductance current at peak
value with EDFC applied (n = 100+ 400k, k = 1, 2, 3---):
(a) Bifurcation diagram with &, as bifurcation parameter;

(b) bifurcation diagram with E as bifurcation parameter.
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Fig. 6. Bifurcation diagram with inductance current at peak
value with IEDFC applied (n = 100+400k, k = 1, 2, 3, -+-):
(a) Bifurcation diagram with k, as bifurcation parameter;
(b) bifurcation diagram with E as bifurcation parameter.
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Fig. 7. Eigenvalue trajectory with IEDFC applied: (a) with
k, increasing from 0.6 to 2.0; (b) with E increasing from
200 V to 600 V.
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Fig. 8. Inductor current without chaos control: (a) Time do-
main waveform; (b) THD obtained by FFT.
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Fig. 11. Inductor current with EDFC applied for &, =
1.400: (a) Time domain waveform; (b) local magnification

diagram of time-domain waveform.
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1.400, k; = 0.707, k; = 0.630: (a) Time domain waveform;

(b) local magnification diagram of time-domain waveform.
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Fig. 13. Inductor current with other chaos control applied
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applied; (c¢) with chaos control based on filter applied.
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Abstract

There are complex nonlinear behaviors such as bifurcation and chaos in a single-phase H-bridge
photovoltaic inverter under proportional integral control, which will increase the harmonic content of the
output current greatly and reduce the stability of system operation and reliability of power supply. There are
the problems suffering the complicated modeling and difficulty in determining the control coefficients in existing
chaos control methods. The exponential delay feedback control is a further development of the delay feedback
control, which has the advantages of requiring no precise mathematical model of the system and simple
implementation. However, our research shows that when the exponential delay feedback control is directly
applied to the system, the feedback intensity cannot be controlled, which will bring too big a disturbance to the
system. Based on it, an improved exponential delayed feedback control method is proposed in this paper.
Firstly, a feedback signal is formed by the difference between the output current of the system and its own
delay, then the feedback signal is used to obtain the control signal through an exponential link, a subtraction
link and an proportion link, and the control signal is applied to the controlled system in the form of a feedback.
At the same time, the discrete mapping model of the system is established and its Jacobian matrix expression is
determined. Finally, the limiting conditions of the feedback control coefficient of the control signal are derived
based on the stability criterion, and the control is applied to the system. In order to verify the control effect of
this method, a lot of simulation experiments are conducted. The results show that the problems that the
exponential delay feedback cannot control the feedback strength and causes excessive disturbance to the system
will be effectively solved by this method. When the bifurcation parameters vary greatly, the chaos behaviors in
the system will be suppressed effectively, the stable operating domain of the system will be expanded greatly

and the harmonic content of the output current will be reduced.

Keywords: proportional integral control, single-phase H-bridge photovoltaic inverter, chaos control, improved

exponential delay feedback control
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