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Abstract

Simple adaptive control (SAC) is known as a control method that keeps control performance even if plant properties have
changed. However, there is a problem such that the vibratory output occurs in the transient response when SAC is applied
to a vibration system which includes anti-resonance modes. This paper clarifies the reason and an improvement method
of the problem. The reason why the vibratory output occurs is that the vibratory input corresponding to the anti-resonance
frequency occurs by the structure of SAC. In order to overcome the problem, it is shown that designing of a parallel
feedforward compensator (PFC) appropriately is effective. The PFC should be designed such that the frequency response
of an augmented system which consists of the plant and the PFC does not have anti-resonance properties even if the plant
includes anti-resonance modes. This paper proposes a PFC design method to overcome the problem such that the gain of
the augmented system is matched to the one of a pre-specified desired model. Furthermore, the PFC must give the ASPR
property to the augmented system. The design problem is described as an optimal problem of the frequency response
matching under some restrictions on the ASPR property. The optimal problem is solved using the distributed particle

swarm optimization which is effective for a non-convex problem. The effectiveness of the proposed method is verified by
numerical simulations and experiments.

Key words. Adaptive control, Simple adaptive control, Optimal design, Vibration control, Distributed particle swarm
optimization, Parallel feedforward compensator
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Fig. 1 Block diagram of SAC system with PFC
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Fig. 2 Bode plot ofGy(s) and denominator of5,(s) in Fig. 3 Bode plot ofGy(s) and denominator of5,(s) in
Gra(s) Gra(s)
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Table 2 Parameters of the plant

Inertia moment of the rotary shaft Ji 0.0422 [kgm?]

Inertia moment of the weight and the paddle J 0.1081 [kgm?]

Table 1 Perturbed value of Equivalent spring constant of the initial vibration mogleK 14.9[Nm/rad]
Nominal plant | L =290 mm Viscosity resistance of the motor shaft D1 | 0.05[Nmgrad]
Perturbed plant L =435 mm Viscosity resistance of the the paddle D, | 0.0001 [Nmgrad]
Torque of the control input u -[Nm]

Rotational angle of the rotary shaft 6, -[rad]

Rotational angle of the weight 6, -[rad]
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