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Effect of service temperature on quasi-static failure of aluminum alloy-carbon

fiber reinforced polymer composite bonded joints

LUAN Jianze , SONG Xuewei, NA ]ingxin* , TAN Wei, MU Wenlong
(State Key Laboratory of Automotive Simulation and Control, Jilin University, Changchun 130022, China)

Abstract: In order to study the effect of service temperature on quasi-static failure of aluminum-carbon fiber

reinforced polymer (CFRP) composite bonded joints, aluminum alloy-CFRP composite bonded joints were processed.

Considering the service temperature under actual operating conditions of the vehicle, three ambient temperatures

of low temperature (-40°C), normal temperature (20°C) and high temperature (80°C) were selected, and the loading

rates were 1 mm/min and 100 mm/min in combination with the designed Arcan fixture. The quasi-static failure

strength of aluminum alloy-CFRP composite butt joints (BJs), 45° scarph joints (45°SJs) and shear joints (TSJs) at

different temperatures were obtained. Combined with the failure section to analyze the failure mode of the joint,

the failure criterion equation and the three-dimensional response surface were established. The results show that

the quasi-static failure strength of aluminum alloy-CFRP composite bonded joints at different loading rates show a

significant downward trend in high temperature environment, and it shows a certain upward trend in low temperature

environment. The failure mode in high temperature environment is the cohesive failure of adhesive layer, and the

ratio of fiber tear increases in low temperature environment. Compared with the quasi-static failure strength at the

loading rate of 1 mm/min, the quasi-static failure strength of the aluminum alloy-CFRP composite bonded joint

under different temperature and stress conditions is obviously improved at the loading rate of 100 mm/min.
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Table1 Mechanical properties of carbon fiber reinforced
polymer(CFRP) composites

Material E./GPa E,/GPa  G,/GPa vy
Unidirectional-CFRP  125+12 102 7+0.6 0.07
Twill weave-CFRP 555 5545 4+0.5 0.14

Notes: E,, E,—Young’s modulus; G,,—Shear modulus; v—Poisson’s
ratio.

R2 BAESHMHEN

Table 2 Properties of aluminum alloy

. Young's . , . Density/
Material modulus/GPa Poisson’s ratio (kgrm™)
Aluminum (6061) 71 0.33 2730

%3 Araldite’ 2015 #HE
Table 3 Material properties of Araldite® 2015

Young’s modulus/MPa  Shear modulus/MPa Poisson’s ratio

1850 560 0.33
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Fig.1 Geometry dimensions of aluminum alloy-CFRP

composite bonded joints
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Fig.4 Quasi-static tensile test of aluminum alloy-CFRP composite

bonded joints
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Fig.5 Average failure strength of aluminum alloy-CFRP composite
bonded joints under loading rate of 1 mm/min at different temperatures

(BJs—Butt joints; 45°SJs—45° scarph joints; TSJs—Shear joints)
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Fig.6 Average failure strength of aluminum alloy-CFRP composite
bonded joints under loading rate of 100 mm/min at different

temperatures
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Fig. 7 Failure modes of aluminum alloy-CFRP composite bonded joints

under loading rate of 1 mm/min at different temperatures
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Fig. 8 Failure modes of aluminum alloy-CFRP composite bonded joints

under loading rate of 100 mm/min at different temperatures
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Fig.9 Quasi-static failure strength prediction of aluminum alloy-CFRP

composite bonded structures at different temperatures

(Loading rate of 1 mm/min)
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Fig. 10 Impact failure strength prediction of aluminum alloy-CFRP
composite bonded structure at different temperatures

(Loading rate of 100 mm/min)
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Fig. 11 Fitting accuracy of failure criteria of aluminum alloy-CFRP composit

bonded structure at different temperatures
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