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Fatigue Failure Properties of Pre-cracked Aluminum Alloy Plates One-Side-Bonded
With Composite Patches

YANG Fu-biao, XIAO Jia-yu, JIANG Da-zhi, ZENG Jing-cheng
(College of Aerospace and Material Engineering, National University of Defense Technology, Changsha, 410073)

Abstract: Fatigue cracked aluminum alloy plates were adhesively bonded with unidirectional carbon/epoxy composite patches
by hot-press technology. The effectiveness of the repair scheme, including the tensile strength, the fatigue life and the crack
progress during fatigue was investigated experimentally. The fractured faces of the plates were observed and the mechanism of
the crack arrest of composite patch was discussed. It is showed that both the tensile strength and the fatigue life of the cracked
plates increase significantly after bonded repair. The tensile strength of the bonded plates, which is 85.83% of the plates
without flaw, is 34.28% higher than that of the cracked plates. The fatigue life of the bonded plates is 2.06 times relative to that
of the cracked one. The critical crack length of plate increases from 17.86mm to 28.64mm before and after adhesively bonded
repair with composite patch.
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Table 1 The mechanical properties of LY12CZ plate

Tensile strength o, / MPa

Yield strength oy ,/ MPa

Elastic modulus / GPa Fracture strain &y, / %

431.56 373.63 62.85 20.80
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Fig.1 The schematic drawing of cracked aluminum coupon
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Table 2 The properties of composite patch

Tensile Elastic Shear

strength modulus E; / modulus Przstis(l)?/n s
o,/ MPa GPa G,/ GPa 12
1224.56 108.10 3.7 0.33
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Table 3 The properties of PU modified epoxy adhesive

Tensile strength / Lap-shear Elastic modulus /
MPa strength / MPa MPa
65.54 10.96 72.79
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Fig.2 The curing process of the cracked plate bonded with

composite patch
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The tensile strength of cracked plates before and after being

repaired

Cracked plate before Cracked plate after
being repaired being repaired

Tensile strength/MPa 275.85 370.41
Ratio to the tensile
strength of non-flaw 63.92 85.83

plate / %
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Fig.4 The crack open displacement of plates before and after
being repaired (a) Cracked plate bonded with composite patch

(b) cracked plate
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Fig.5 The crack length of plates after different fatigue

number
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Table 5 The fatigue properties of cracked aluminum plates

after and before being repaired

Fatigue life / Critical crack
cycle length / mm
cracked plate 22106 17.86
cracked plate
bonded with 64737 28.64

composite Patch
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Composite Patch
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Fig .6 The photos of the fractured aluminum plates surface after static tension (a) plate bonded with composite patch (b) cracked
plate (A: prime crack face B: fatigue crack face C: fracture face D: face bonded with patch E,F: side-face view)
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Fig.7 The photos of the fractured aluminum plates surface after fatigue (a)plate bonded with composite patch  (b)cracked plate
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