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Dynamics of large constrained nonlinear systems—a taxonomy (4mig F#)
Switched chaotic oscillation and non-smooth bifurcation characteristics of DFIG system
XUE Ancheng,FU Xiaoyu, WANG Jiawei, LI Yecheng, QIAO Dengke
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North China Electric Power University, Beijing 102206, China)

Abstract: The new energy power system contains nonlinearities such as limiting or control switching, which
is essentially a non-smooth system, and its stability and instability forms are complicated. The instability
mechanism of chaotic oscillation caused by limiting saturation in DFIG (Doubly-Fed Induction Generator)
system under large disturbance is studied, and it mathematically corresponds to the non-smooth bifurcation
of non-smooth system trajectory from convergence to stable equilibrium point to chaos. Firstly,the non-smooth
bifurcation and switched chaos of switched dynamic system (non-smooth system) are introduced. Secondly,
the non-regular oscillation phenomenon in DFIG system after AC fault is analyzed,and it is confirmed as
a chaotic oscillation with the power spectra and Lyapunov exponent,furthermore,its pseudo-period frequency
drift characteristics are analyzed. And then,the relationship between the chaotic oscillation and the limiting
saturation is analyzed, revealing that the chaotic oscillation is induced by multiple limiting saturation (swit-
ching of non-smooth system) , and it is essentially a switched chaotic oscillation. Finally, the non-smooth
bifurcation characteristics of the switched chaotic oscillation under large disturbance are analyzed with the
viewpoint of SCR(Short Circuit Ratio),fault condition and wind speed,indicating that the chaotic oscillation

is more likely to occur under the condition of lower SCR and larger disturbance.

Key words:DFIG;non-smooth bifurcation ;limiting; chaotic oscillation; AC fault
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Table Al System parameters

23 HfH
LIV ERPIES 1.25 MW
e i 0.69 kV
AT 10 m/s
Rs=0.00825 p.u.,R,=0.00736 p.u.,
NS
L+=0.0612 p.u.,L,=0.0978 p.u.,L;n=2.209 p.u.
M2 BT Z, L=50.134 H,R=4.05 Q
RSC 17 T4 Kp1=6,Ti1=0.5,limit:0-1
RSC q 4l Kp2=0.2,T2=0.1,limit:-3-3
RSC T LD Kp3=10,T;5=0.2,limit:0-1
RSC d 4l Kpa=0.2,Ti4=0.1,limit:-3-3
GSC Bt H Kps=10,Tis=0.2,limit:-1-1
GSC d i Hiy R Kpe=11,Tis=0.05, limit:-3-3
GSC q i3 Kp7=10,Ti7=0.05,limit:-3-3
BRI 551 Kp=50,Ki=500
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