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Stiffness prediction model of thermoplastic composites—metal
bonded-riveted hybrid joints
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Abstract: Given the relatively limited development of analytical models for adhesive-rivet hybrid joints in
automotive lightweight design, this paper proposes a load—bearing stiffness prediction model for carbon
fiber—reinforced thermoplastic composite—to—metal adhesive-rivet hybrid joints based on spring—mass
theory, aiming to deepen the understanding of stiffness in hybrid joint structures. The reliability of the
spring—mass model was verified by quasi—static tensile test. Based on the proposed spring—mass model, the
effects of adhesive layer thickness, lap length, and rivet hole diameter on the stiffness of the joint structure
are discussed. The main conclusions are as follows: with an increase in the thickness of the adhesive layer,

both the overall stiffness of the joint and the shear stiffness of the adhesive layer decrease. For every 0.01
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mm increase, the shear stiffness of the adhesive layer decreases by about 1.94% on average. Increasing the

lap length can improve the overall stiffness of the joint and the shear stiffness of the adhesive layer, but it

numerically reduces the stiffness of the metal substrate significantly. As the diameter of the rivet hole

increases, both the overall stiffness of the joint and the stiffness of the rivet increase, but the shear stiffness

of the adhesive layer is reduced , which affects the joint's connection performance.

Key words: carbon fiber reinforced thermoplastic composites; spring—mass model; bonded-riveted hybrid

joint; stiffness prediction
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