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Bifurcation analysis and control of a Qi system based on normal form
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Abstract: This paper considers the Hopf bifurcation control for a particular dynamical system (Qi system). According
to the limit cycle curvature coefficient, we determine the Hopf bifurcation type for the original system, and then the washout
filter is adopted to control the Hopf bifurcation. Firstly, the influence of linear gain on the bifurcation point is analyzed;
and then, the normal form theory is applied to develop the Hopf bifurcation normal form of the controlled system. We
investigate the effects from the coefficients of the normal form on the parameter-selection criteria and the amplitude of the
periodic solution as well as the type of Hopf bifurcation of the controlled system. Theoretical and simulation results show
that the linear gain of the control function will delay or even eliminate the bifurcation point; while the nonlinear gain can
change the stability of limit cycles or the amplitudes of oscillations. Finally, a comparison between the linear controller and

the washout filter shows that the washout filter is superior to the linear control
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Fig. 1 Waveform chart of system(1) with a = 14
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Fig. 2 Phase chart of system (1) with a = 14

3  RGi45 & ¥ (Bifurcation control)
WSHb = 43,c = —18,d = 14, X} RG ()it
washout JEYK #4515
& =aly —z)+yz,
y=—18z + 14y — z2+

ki(y — &v) + ka(y — €v)°, (6)
z = —43z + zy,
v = Yy — f'l),

Jorpe N IER AR H R kb, ko3 ) R SV a5 AR
e PE A, WAR, washout]E I 28 ¥ A R IR R SR
P47 5000, 0,0).
3.1  ZHE#EHl(Linear control)
i—'}a:a0:147 5201, kQZO, kl#OHTJ‘,?\
Z(6) 7LV s O I ZME AKE B0 R R R AE 7 2 4
(A +43)[A* + (0.1 — k)N +
(56 — 14k;)\ + 5.6] = 0. )
H 4 Routh-Hurwitz 4% 14, 3X(7) AR 34 5 71 S0 1) 78
B A
0.1k >0, (0.1 — k1)(56 — 14k;) > 0,
Bk, < 0, db RGE(O) P47 OB Fa e, w4
25 T 4 T 20 1 38 2 A — 3 R AR I, AT DUAR R R S
(W Hopf7) 7547 AT K. g = 0.1, ke = 0, ky =



658 E i/ o

YoM M %30 &

— 11, DB AN, 2 = —0.5099 + 8.3461i, \s =
—0.08, Ay = —43FFAEARIY h 5155, Pk, RE06)
15V A7 RO T €, IR R S8 M Hopt /3 747 4 153 21
2 1l A€ B4 2O, Wi EI3—4fR.

K3 a=14, £E=0.1, ko =0, k1 = —1I, KRG (6)HHK
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Fig. 5 Phase chart of system (6) with { = 0.1, ko = 0,
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3.3 #4175 ¥:5F b (Control method comparison)
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