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Nonlinear Problems of the Ball-and-Beam
System

HE Zhen' WANG Yi! ZHOU Chang-Hao! LIU Yan-Wen?

Abstract The real problem of the ball-and-beam system is
not the nonlinear behavior under large excursions, but the limit
cycle around the equilibrium point. It is pointed out that the
limit cycle is caused by the hysteresis behavior of the ball during
rolling. A pole placement method is proposed to avoid the limit
cycle. The analysis is verified by simulation and by experiment.
The stabilization approach for the ball-and-beam system is also
proved to be correct.
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Fig.1 The ball-and-beam system
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Fig.2 Experimental record 1 ((a) Displacement of the ball;
(b) Angle of the beam)
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Fig.3 Beam deformation under the ball
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Fig.4 Hysteresis
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Fig.5 Describing function analysis
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Fig.6 Simulation result
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Table 1  Parameters of the limit cycle
Jrid: B (rad/s) W (s) W — (Y (rad)
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fiixt (1 6) 0.97 6.47 0.0171
24 (K 2b) 1.10 5.71 0.0134
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Fig.7 Simulation with equation (9)
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Fig.8 Experimental record 2 ((a) Displacement of the ball;
(b) Angle of the beam)
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