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Abstract  Soft material has been widely used in soft robots, biomedicine, flexible electronics and other fields. In
practical applications, soft material generally needs to be adhered to different types of substrate forming adhesive
structures to accomplish specific functions. The interfacial performance of the adhesive system plays a key role in
structural integrity and functional reliability. In this paper, the research efforts on the interfacial debonding behavior of
adhesive structures with soft materials are systematically reviewed and summarized. The adhesive structures with soft
materials can be classified into two types: (1) adhesive structures with “soft interface” in which stiff adherends are
bonded by soft adhesives owning strong energy dissipative, typically viscoelastic, properties; (2) adhesive structures
with “soft adherends” in which one or both of the adherends are significantly energy dissipative. In this paper, firstly,
the specific mechanical characteristics and physical nature of the interfacial debonding behavior of the adhesive
structures with soft materials are analyzed by comparing with those of the traditional “hard” adhesive structures.
Secondly, the experimental characterization of the interfacial debonding behaviors of the adhesive structures with “soft
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interface” and “soft adherend” are summarized respectively. The effects of viscoelastic dissipative property of the

adhesive interface and bulk adherends on the interfacial debonding mechanisms are analyzed respectively. Thirdly, the

theoretical analysis methods for the interfacial debonding behavior of the adhesive structures with soft materials are

reviewed and the relative theoretical models are summarized. Fourthly, the research progress of the numerical

simulation, mainly based on the cohesive zone model (CZM) method, of the interfacial debonding behavior of the

adhesive structures with soft materials is reviewed. Finally, based on the existing research progress, the challenges of

the current research are put forward and the prospect of possible future research opportunities on the interfacial

debonding behavior of adhesive structures with soft materials is discussed.
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Fig. 1 Schematic diagram of peeling of different adhesive structures
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Table 1 Summary of the peeling models (constant adhesion energy)
Adhesive structure Theoretical model Feature Reference
2 F Considering bending and [87]
(—) 7+ —(1—cos®)-y=0 extension of the adherend
w/ 2Et w Stead
teady-state
F_ F et 5]
linear elastic adherend/ wo Y 0° peeling
rigid substrate y Catastrophic [84-85]
F= \/77“[ C 0° peeling
Steady-state and catastrophic
F= A S e [89]
=V ac 0° peeling
li‘near elastif: adherend/ F_ A Faty e B Stiady-s.tate [87]
linear elastic substrate w Y_Elll 1h—E£202 0° peeling
hyperelastic adherend/ F Considering bending and
i —(A=cos®)-U)-y=0 . . [93]
rigid substrate W Y extension of hyperelastic beam
" Phenomenological description 100
G=Gol1+ (1) ] g p [100]
Vo
, g related to the viscoelasti
viscoelastic adherend/ G F | p F 8o &m related to the viscoetastic [37]
=—(1- +8h+—— rty of the adherend
rigid substrate w cosT+ &b EpA &m property of the acheren
F z Steady-state [55]
0 4 .
— = \2Ety 4|1+ =— -1 (——) °
” y \/ ( i )exp < 0° peeling
visco-hyperelastic adherend/ F Steady-state
o — =pt(Ae - Ac72) - [55]
rigid substrate w ¢ 0° peeling
linear elastic adherend/ 1, related to the visco-hyperelastic
» - Fl—cos)+| 1 - E (V)|£2-3=0 98]
viscoelastic substrate 27 B Y property of the substrate
elastomeric adherend/ . .
Uy, U determined through experiment [101]

elastomeric substrate

F
G=Up (") -Us () + o (' =2")
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