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Abstract 

This paper reported a size-dependent semi-analytical model (SAM) on the 

contact involving a functionally graded elastic film indented by a rigid frictionless 

cylinder, where Chen-Yao’s surface elastic theory is employed to account for the 

effects of surface energy and surface strain. The model assumes that the film is 

perfectly bonded to a rigid substrate, and that the shear modulus of the film varies 

along the thickness direction following a simple exponential form. The core 

fundamental solutions of the elastic displacements and stresses for such an elastic 

thin film with respect to the unit applied force are derived firstly, incorporating the 

surface effects by means of Chen-Yao’s surface elastic theory. Then the frequency 

response functions (FRFs) and their conversion into the corresponding influence 

coefficients (ICs), are analytical obtained. Efficient numerical techniques, supported 

by the conjugate gradient method (CGM) and the fast Fourier transform (FFT), are 

applied to obtain the unknown pressure and stress distributions. The combined 

effects of shear modulus ratio, film thickness, and surface energy on the contact 

behavior of the thin film are explored, and a schematic map is constructed to reveal 

the influences of film thickness and material characteristic length, which correlates 

the geometric configuration (i.e. a film or a half-space) and surface behaviors (i.e. 

with or without considering the surface effects). 
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