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A Study on the Controller Design for Active Vibration Control of
flexible Cantilever Beam using Electromagnetic Actuators
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Abstract : This paper is concerned with the active vibration control of flexible cantilever beam system using electromagnetic
force actuator. The main objective of this paper is to propose the control algorithms and to implement the experimental setups
for active vibration control. Dynamic equations of the electromagnetic actuator and the beam are combined to find the transfer
function from the electromagnetic actuator to the laser sensor. The final transfer function is determined by considering only the
first and second modes, and experiments confirm that this model works well. Several control algorithms are proposed and

implemented on the experimental setups to show their efficacy. These include a PID control design, an optimal H; control
design, and a fuzzy PID control design. Effectiveness and performance of the designed controller were verified by both

simulation and experiment results.
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Table 1. Fuzzy tuning rules for P-gain Tuning.

E DE\ NB [NM | Ns | zo | Bs | pM | PB

NB B B B B B B B

NM B B B B M M M

NS B B M M S S S

ZO M M S S S M M

PS S S S M M B B

PM M M M B B B B

PB B B B B B B B

2 Lo|=3} DoJS B2 9% w4 Alo] 7.
Table 2. Fuzzy tuning rules for I-gain and D-gain tuning.
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PS M| M| B | B|M]|sS|s

PM | M [ M | M| s | s | s | s

PB s | s | s | s | s | s |s
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Fig. 14. The response to the sinusoidal exciter input of the
first mode frequency.
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Fig. 15. The response to the sinusoidal exciter input of the
first mode frequency.
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Fig. 16. Impulse response of the designed controller is
operated.
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Fig. 17. The response to the sinusoidal exciter input of the
first mode frequency(The PID controller is switched
on at t=0.12sec).
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Fig. 18. The response to the sinusoidal exciter input of the
first mode frequency(The H, controller is switched

on at t=0.16sec).
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Fig. 19. The response to the sinusoidal exciter input of the
first mode frequency(The Fuzzy PID controller is
switched on at t=0.1sec).
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Table 3. The experimental result comparison of the sinusoidal

exciter input of the first mode frequency.
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Fig. 20. Impulse response at open loop.
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Fig. 21. Impulse response of the PID controller.
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Fig. 23. Impulse response of the Fuzzy PID controller.
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Table 4. The experimental result comparison of the impulse

response.
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