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Figure 1 Model of film-substrate structure of photo-thermal sensitive hydrogel
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Table 1 Material parameters and physical constants
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Figure 2 The relationships between the critical wrinkling stress of the photo-thermal
sensitive hydrogeland the chemical potential under different light intensity
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Figure 3 The relationships between the critical wrinkling stress of the photo-thermal

sensitive hydrogeland the chemical potential under different temperature
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Figure 4 The relationships between the critical wrinkling wavelength of the photo-thermal sensitive

hydrogel and the chemical potential under different light intensity
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Figure 5 The relationships between the critical wrinkling wavelength of the photo-thermal sensitive
hydrogel and the chemical potential under different temperature
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Study of the Critical Wavelength and Critical Stress of Wrinkling of
Thin Photo-thermal Sensitive Hydrogel Film on Elastic Substrate

YAN Hui-xian"** , WEI Mao-jin"*, YAO Hao-jie'

(1. School of Mechanical and Electrical Engineering , Sanming University, Sanming 365004, China ;
2. Key Laboratory of Equipment Intelligence Control of Fujian Province, Sanming 365004, China)

Abstract: Thin photo-thermal sensitive hydrogel film on elastic substrate has been widely used in the fields of
micromechanics system (MEMS), biosensors and actuators. Due to the confinement of the elastic substrate, when the
photo-thermally sensitive hydrogel swelling with the change of external temperature or light intensity. the existence of the
compressive stress in the hydrogel film makes the film wrinkle. Based on the finite deformation theory of the photo-
thermally sensitive hydrogel and von Karman nonlinear plate theory, this paper studied the wrinkling mechanism of the
photo-thermally sensitive hydrogel film and analyzed the effects of light intensity, temperature, chemical potential of the
solvent and the stiffness coefficient of the substrate on the critical wavelength and critical stress of wrinkling of photo-
thermally sensitive hydrogel film. The results show that: when the temperature and light intensity keep the same, the
critical stress decreases with increasing chemical potential of the solution; when the chemical potential keeps the same, the
higher the light intensity and temperature, the greater the critical stress; when the light intensity and the temperature keep
the same, the smaller the stiffness coefficient, the greater the critical wavelength; for the same stiffness coefficient, the
lower light intensity and the temperature, the smaller the critical wavelength.

Key words: Photo-thermal sensitive hydrogel; Film-substrate structure; Wrinkling; Critical wavelength; Critical stress
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