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Influence Factors and Improvement Strategies of Rubber Fatigue Failure

XIONG Sha-fan, LIU Jie" , ZHOU Jun-kang, LEI Wei-wei
(School of Materials Science and Engineering » Hubei University ; Key Laboratory of Green Preparation and
Application of Functional Materials, Ministry of Education , Wuhan 430062, China)

Abstract: Rubber is subjected to certain loads during use, which will lead to fatigue failure. The failure is caused
by crack propagation and may eventually lead to complete fracture of the material. This paper summarizes the
general research methods of rubber fatigue resistance and the fatigue failure mechanism of rubber. Moreover,
the influence of mechanical load history, fillers, dynamic bonds, environment and other factors on rubber fatigue
performance were reviewed. Finally, the challenges and development of rubber fatigue performance research in

future were envisaged.
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Figure 1 Top view of a fatigue crack tip (Reprinted
with permission from Ref. [40]; Copyright 2010 John

Wiley and Sons)
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Figure 2 Side view of a fatigue crack tip (Reprinted
with permission from Ref. [40]; Copyright 2010 John
Wiley and Sons)
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Figure 3 Real-time observation of silica-filled NR with
different Si69 contents at tearing energy of 800 J/m”

(Reprinted with permission from Ref. [41]; Copyright
2015 Wiley Periodicals)
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Figure 4 Microscopic changes at the crack tip (Reprin-
ted with permission from Ref. [427]; Copyright 2004

American Chemical Society)
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Figure 5 Crack growth mechanism: front view (Re-
printed with permission from Ref. [42]; Copyright

2004 American Chemical Society)
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(b) Non-relaxing conditions
(loading ratio R=4.2)
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Figure 6 Crack path under relaxing and non-relaxing

conditions in a plane perpen-dicular to the crack propa-
gation plane: (a) relaxing conditions (loading ratio
R=—0.3). (b) non-relaxing conditions (loading ratio
R=4.2) (Reprinted with permission from Ref. [44 ];
Copyright 2011 Elsevier)
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Figure 7

Cavitation mode with weak interfacial interaction (a) and strengthened interfacial bonding (b)

(Reprinted with permission from Ref. [52]; Copyright 2018 John Wiley and Sons)
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Figure 8 Physical mechanisms in pre-stretched cycli-

cally loaded filled rubbers: (a) initial network, (b)
pre-stretched network and (c¢) network rearrangement
after pre-stretched cyclic loading (Reprinted with per-
mission from Ref. [68]; Copyright 2017 Elsevier Ltd. )
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Figure 9  Crack propagation of rubbers (Reprinted
with permission from Ref. [ 42 ]; Copyright 2004

American Chemical Society)
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