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Robust control of systems with unstable zero-dynamics
ZHANG Jing, WANG Guang-xiong, HE Zhen
(Department of Control Engineering, Harbin Instimte of Technology, Harbin Heilongjiang 150001 , China)

Abstract: An important feature of systems with unstable zero-dynamics is that there exist unstable modes. Unstable zero-
dynamics is related to the unstable modes, but are not the same with each other. Unstable zero-dynamics is invariant, but the un-
stable modes can be stabilized . With composite control, a fast loop is employed to directly stabilize the unstable subsystem. The
slow loop formed from the output is then designed by existing robust method, while the dynamics of the fast loop is treated as the
unmodeled dynamics. The whole design is robust. An example of an inverted pendulum on a cart is presented to illustrate the de-

sign process.
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2 ABREFHEFR AR (Features of the
system with unstable zero-dynamics)
— AT R AR R G R R HES i #H
53|49 IEAE R (normal form) , B
Xy = %25 X2 = X3,777

% = b(x,z) + ae(x,2)u, )

Yy = %t»

i = f(x,2).
AP r ARGHHENB . = £0,2) ARENF
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2]: :tl = x29 .i2 - x3,"',

% = b(x,2) + a(x,2)u, v = x5 (2)

S 2 =q(x,2) + p(x,2)u.
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3 SEEREEIE T (Design of the robust con-

trol law)
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i = b(x,z) + alx,2)(ur + uy), ¥ = x5
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4 | (Design example)
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&xl =Yz = 0,’{%5&(7) gﬂﬁﬁiﬁ(z) B
K, HEM =0.145kg, m = 0.03kg, ! = 0.125m, {8
{ 218 = %2,%9 = - 1.4474z, + 6.5574u, y = %;
3y:4) = 23,4, = 67.5436z; - 39.3443y,
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Fig. 1 Bode plot of the weighting function W,
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~32.83, - 15.52 + j12.25, - 0.91 = j4.56, — 2.78.
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Fig. 2 Nyquist plot of the composite controt
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Fig. 3 Impulse responses of the system
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5 &£ (Conclusions)
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