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Fatigue Behavior of the Center cracked Aluminum Plates
Bonded One-sidedly with Composite Patches

YANG Fu biao, XIAO Jia-yu, JIANG Da-zhi, ZENG Jing cheng
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha, 410073)
Abstract:In orer to analyze the fatigue behavior of the center cracked aluminum plates bonded one-sidedly with composite

patches, aparameiric program based on the ANSYS was developed. The siress intensity factor and its amplitude of the stress intensity

factor of the bonded plates were calculated. The Paris equation, which can be expressed as j—;\l/: C(AK)™, where, j—;

propagation rate of the crack and can be measured at specific fatigue cycles experimentally, is an ampliude of the sress intensity factor

is the

at the crack tip during a fatigue cycle, and can be obtained by FEM, was used. Results show that the Pari§ parameters for the plate
bonded one-sidedly with carbon fiber reinforced epoxy composite patches are C= 6. 76x 107 and m= 2.27, respectively, while for
glass fiber reinforced epoxy composite patches, C= 7. 89x 10~ 1 and m= 2.33, respectively.
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Fig. 1 The crack propagation of the plate one sided bonded composite repair
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Tab. 1 The mechanical properties of the materials
Property Boron/ E poxy Carbon/ Epoxy Glass/ Epoxy Adhesive Aluminum
Ei/GPa 208.0 138.0 64.0 71. 02
E»/ GPa 25.4 9.7 48.0
E3/ GPa 25.4 9.7 48.0
Viz 0.1677 0.3 0.33 0.32 0. 32
Vi3 0.1677 0.3 0.33
Va3 0.035 0.02 0.018
G/ GPa 7.2 6.9 16.6
Gn/GPa 7.2 6.9 16.6
G/ GPa 4.9 3.2 14.6
60mm % 240mm X
1. 88mm, s 60mm x
80mm X 1.32mm 60mm X 80mm X 1. 20mm 60mm X 80mm X 1. 12mm s
5 Omax=100MPa, Opin= 10MPa
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Fig.2 The K mw— a curwes of the center cracked plates prior Fig.3 The AK- a cuwves of the center cracked plates

to and after one-sided bonded with composite patches
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Fig.4 The jjv_a_ AK curves of the plates one-sided bonded with composite patches
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Fig.5 The In( ?Wa) — In( AK') curves of the plates one-sided bonded with composite patches
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Tab.2 The coefficient by Paris law of the cracked prior to and after bonded repair with composite patches

Type of reinforcemernt Size of reinforcement Coefficient C Fxponent m
Cracked plate Unreinforcement 3.51x107° 1.66
C/ E composite patch 60mm X 80mm X 1. 32mm 6.76x 10~ '° 2.27
G/ E composite patch 60mm x 80mm X 1. 12mm 7.89x 107 '° 2.33
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Fig.6 The finite element analysis result and the experimental data
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Fig. 7 The SIF and is change of the bonded plates one-sided bonded with composie patches along the thickness
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Fig. 8 The cwss sectbn of the cracked plate one sided Fig.9  The photo of the fracture line of the plates one-sided
bonded with composie patches bonded with composite patches after fatigue
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