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Pull-through Failure Properties Analysis of Fiber—metal Laminates Bolted

Joint Structure

Liu Yanfeng', Zhang Da'*, Zhou Zhengong®, Gao zhiliang'

(1. Changchun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences,Changchun 130033, China;
2. Institute of Composites and Structures, Harbin Institute of Technology, Harbin 150001, China)
Abstract: The pull-out failure mechanism of fiber—reinforced metal laminate (FML) bolted structure under external nailing load was studied. The effects of
fiber ply direction and metal volume fraction on the pull-out performance were investigated. Based on the Hashin failure criterion of strain form, the ductile
fracture criterion of metal and the constitutive model of interlayer cohesion, a three—dimensional progressive failure model of composite connection structure was
established. Through the finite element simulation method, the pull-out strength of the bolted structure was predicted, and the reliability of the numerical model
was verified based on the test. The results show that under the pull-out load, the opening area of the composite material gradually presents a cone—shaped uplift,
and finally the bolt embedded into the fiber metal laminate leads to the bearing failure of the bolted structure, and the pull-out failure characteristics are similar
to the impact failure. The collapse failure of Al Li alloy and the interlayer separation of fiber metal interface are the main mechanisms of pull-out failure. After
the stiffness of the bolted structure is reduced to the suberitical damage value, the stiffness increases twice due to the material compression effect. The results
show that the orthogonality and pull-out strength of fiber metal laminates with symmetrical fiber ply along + 45°direction are the highest. The pull-out limit load
of bolted structure is proportional to the volume fraction of metal.

Key words: functional gradient composites; bolted joint; progressive failure; pull-through failure
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