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Fig.1 Finite element model and schematic diagram of law of laying angle
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Fig. 2 Flow chart of ABAQUS/Explicit computation process and subroutine VUMAT
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Ja {8 Ja ik {8
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energy response of laminates with different
laying angles



88

B EHmER A Aviation Structural Impact Technique

®3 FIBEXRENEBEERETSEERI

Table 3 Peak load and energy absorption for all cases
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Fig.5 Section views of impact modes among three
types of ply angle
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Fig. 6 Failure mechanisms of four types of composite laminate
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laminates with non-linear rotation angle based layups[J].

Research on Low-velocity Impact Resistance of Composite Laminates with
Non-linear Angle based Layups

Ren Yiru, Deng Yabin

State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha
410082, China

Abstract: Composite laminates are widely used in aerospace and other fields because of their excellent properties
such as light weight, high strength and easy to design. The laying angle of each layer has an important effect on the
mechanical properties of laminates. To improve the low-velocity impact resistance of laminates, the laying angle of
laminates is designed and the failure mechanism of laminates under low-velocity impact is studied. The finite element
model of nonlinear laying angle composite laminates under low-velocity impact is established. The progressive
damage model is used to study the failure behavior of materials. The damage initiation and evolution of fiber, matrix
and layered interface are simulated by stress-based failure criterion, fracture energy criterion, and stiffness
degradation method. Through the analysis of the maximum peak load, energy absorption and failure behavior of
nonlinear angle composite laminates, the influence of nonlinear angle on the low-velocity impact resistance of
laminates and its failure mechanism are revealed in detail. The results show that the nonlinear laying angle has an
important influence on the low-velocity impact resistance of laminates. This study provides a certain design basis for
improving the low-velocity impact resistance of laminates.

Key Words: low-velocity impact; composite laminates; non-linear laying angle; crashworthiness; finite element
method
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