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Fig.1 (a) Chemical structure of self-oscillating polymer chains; (b) A gel presents swelling-deswelling behavior driven by the Belousov-Zhabotinsky
(BZ) reaction: the catalyst Ru(bpyis covalently bonded on the polymer chains and performs a redox process switching betweenngﬂmy)

reduced state, hydrophobic) and Ru(t%ﬁy{xhe oxidized state, hydrophilic)
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Fig.2 The chemical oscillation and periodic deformation of a gel. Solid

line represents the volume fraction of polymer chains, Vp/V (t),
whereVp is the volume of dry polymel/ (t) is the real-time swelling

volume; Dash line and dot dash line represent the concentration of
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u(0) = 0.001. Other parameters:= 0.7,y = 0.1, = 0.12
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Fig 4 The influence of reactants concentratiengn the amplitude/() and period 7).
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dimensionless concentratien= ksB/kzHA; other parameterg: = 0.1 in (a) and (b),f = 0.7 in (c) and (d)
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DYNAMIC MODEL OF SELF-OSCILLATING GELS AND THE
CONTROLLABILITY ANALYSIS Y

Wang Pengfei’ Liu Shaobad™ Zhou Jinxiong® Lu Tianjian"? Xu Feng-*%
*(State Key Laboratory for Strength and Vibration of Mechanical Structufshool of AerospaceXi'an Jiaotong University Xi'an 710049 China)
*(Bioinspired Engineering and Biomechanics Cent&i'an Jiaotong University Xi'an 710049 Ching)
**(Key Laboratory of Biomedical Information Engineering of Education Ministd'an Jiaotong University Xi'an 710049 Ching)

Abstract Self-oscillating gels, i.e., BZ gels, are a typical branch of soft smart materials with a large periodic deformation
of shrinking and swelling driven by the Belousov-Zhabotinsky chemical reaction (BZ reaction). BZ gels could be widely
applied in the fields of actuators, sensors, drug release and bionic system. Based on the Oregonator model of the B
reaction and the mechanical equilibrium of the gel deformation, a simplified dynamic model, only consisting of a second
order diferential equation, is given to reformulate the complicated process of the oscillatory deformation. It is demon-
strated that the phase space trajectory of BZ gels presents a limit-cycle oscillation (i.e., steady-state periodic oscillation)
Subsequently, the periodic solution of oscillation is obtained by adopting an improved shooting method and the influence
of some adjustable system parameters on the mechanical characters of the oscillatory deformation(i.e., pattern, periof
amplitude) is systematically investigated, where the system parameters are dependent on the concentration of reactan
catalyst éiciency and hydrophobicity of polymers. The conclusion demonstrates that the system maintains a limit-cycle
oscillation in the case of certain selected values of the system parameters and the mechanical characters of the syste
appear predictable changes while the parameters are changed. This study theoretically supports the controllability ©
self-oscillating gels and their potential applications.

Key words smart gels, BZ reaction, nonlinear oscillation, controllability analysis
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