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Effect of service low-temperature aging on mechanical properties of aluminum alloy-basalt

fiber reinforced polymer composite bonding joints and failure prediction

LUAN Jianze', NA Jingxin™ , TAN Wei' , MU Wenlong' , QIN Guofeng®
(1. State Key Laboratory of Automotive Simulation and Control, Jilin University, Changchun 130022, China; 2. Teachers
College for Vocational and Technical Education, Guangxi Normal University, Guilin 541004, China)

Abstract: In order to provide reference and guidance for the application of aluminum alloy-basalt fiber reinforced
polymer (BFRP) composite bonding structure in automobile industry, the aluminum alloy-BFRP bonding joints
were manufactured. Considering the temperature range in the service of automobiles, the low-temperature aging
environment of —-10°C and -40C was selected to accelerate the aging of joints for 0, 10, 20 and 30 days. The quasi-
static tensile test and shear test were carried out on the bond joints after aging, and the quasi-static failure strength
of aluminum alloy-BFRP composite bonding joints with different aging time was obtained. DSC and FTIR were com-
bined to analyze the influence of low temperature aging on the chemical properties of adhesive joints, and the fail-
ure section of adhesive joints was analyzed by macroscopic analysis and SEM. The results show that the chemical

properties of aluminum alloy-BFRP composite bonding joints are not significantly affected by the low-temperature
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aging, and the functional groups and glass conversion temperature (T,) of BFRP composite do not change signific-
antly in the low-temperature aging environment. The failure strength and failure mode of the joints are mainly af-
fected by the thermal stress of adhesive and bonding substrate. As for tensile joints, with the increase of low-temper-
ature aging time, the mechanical properties between BFRP composite fiber and resin matrix decrease, the propor-
tion of fiber tearing in the failure section of aluminum alloy-BFRP composite joint decreases gradually, and the fail-
ure strength of tensile joints decreases gradually. After aging, the shear joint is still a cohesive failure, and the low-
temperature aging of BFRP composite has little effect on the mechanical properties of aluminum alloy-BFRP com-
posite joint. The decrease of failure strength of shear joint is mainly caused by the thermal stress which is the result
of the inconsistency of thermal expansion coefficient between adhesive and bonding substrate. The second stress
criterion formula was used to fit the variation rules of tensile stress and shear stress with aging time. On the basis of
this failure criterion, according to the response surface principle, the three-dimensional surface of failure criterion

with aging time was established to provide reference for the engineering application of bonding technology in body

structure.

Keywords: basalt fiber reinforced polymer composite; adhesive; low temperature; aging; failure prediction
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Table1 Property parameters of basalt fiber

*3 HASMRBUESH

Table 3 Properties of aluminum alloy

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

%4 Araldite" 2015 HHUEESH
Table 4 Material properties of Araldite® 2015

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

1850 560 0.33

unidirectional fabric
Surface Tensile Elasticity =~ Nominal Single fiber
density/  strength/ modulus/ thickness/ diameter/
(gm™) MPa GPa mm pm
300 2100 105 0.115 13

*2 SEKEMREE 5113-81A/5113-94B # S
Table 2 Property parameters of composite molding resin
5113-81A/5113-94B

Cure Compressive Tensile Flexural /C
condition _strength/MPa Strength/MPa strength/MPa &
25Cx24 he 126-130 60-70 80-94 90-100
80Cx2h B . ; B

Note: T,—Glass transfer temperature.
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Fig.1 Geometry dimensions of the aluminum alloy-basalt fiber

reinforced polymer(BFRP) composite adhesive joints
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Fig.3 Cryogenic chamber
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Fig. 7 Failure strength of aluminum alloy-BFRP composite adhesive
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Fig.9 Representative fracture surfaces of aluminum alloy-BFRP composite adhesive joint under tensile stress (-10°C)
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Fig. 10 Representative fracture surfaces of aluminum alloy-BFRP composite adhesive joint under shear stress (-10°C)
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Fig. 11 Representative fracture surfaces of aluminum alloy-BFRP composite adhesive joint under tensile stress (-40°C)
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Fig. 12 Representative fracture surfaces of aluminum alloy-BFRP composite adhesive joint under shear stress (-40°C)
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