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Fig.1 The diagram of finite-size film-substrate

system under indentation
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Fig. 4 Buckling patterns of finite-size film-substrate system
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Fig. 6 Buckling patterns of finite-size film-substrate system under indentation with different indentation depth
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Fig.7 The vertical displacement-circumferential angle relationship at the film’s surface with different indentation depth
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Fig.9 The influence of substrate’s modulus on the force-displacement relationship and

the dimensionless critical indentation depth
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Fig. 10 Buckling patterns of film-substrate system with different substrate’s modulus
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On the Buckling Behavior of Finite—Size Film—Substrate
Systems under Local Indentation

PENG Juan', WU Yufei", WANG Yaodong”, CHEN Peijian>™
(1. School of Materials and Physics, China University of Mining and Technology, Xuzhou 221116, China;
2. School of Mechanics and Civil Engineering, China University of Mining and Technology, Xuzhou 221116, China;
3. State Key Laboratory of Solid Lubrication, L.anzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: The film-substrate system is widely used in various industrial applications, and a comprehensive
understanding of its mechanical response under various loads is crucial for optimizing the design and application
of flexible electronics and soft robotics. However, the buckling analysis of finite-size film-substrate systems
under local indentation remains insufficiently explored, which significantly hinders the practical application and
technological advancement of related devices. To address this gap, a combination of experimental testing,
numerical simulations, and theoretical analyses was employed to systematically investigate the buckling mechan-
ical behavior of finite-size film-substrate systems subjected to local indentation. The findings show that the insta-
bility behavior of these systems under local indentation differs markedly from that predicted by finite-size mod-
els. Specifically, when the indentation depth exceeds a critical threshold, the film-substrate system undergoes
buckling. As the indentation depth increases further, the buckling patterns transition from an initial symmetric
state to an asymmetric state. In addition, the buckling behavior can be effectively controlled by adjusting geo-
metric parameters and material properties. The results provide essential theoretical insights and technical sup-
port for the structural design of flexible electronic devices and soft robotics, as well as for understanding the
buckling behavior in natural film-substrate systems.

Key words: film-substrate system; local indentation; finite size; buckling; finite element method
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