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Numerical simulation of influence of spiral layup on impact performance of composite laminates
TIAN Jixiang, YU Jiahong, ZHANG Yanfei
(College of Materials Science and Engineering, North University of China, Taiyuan 030051, China)

Abstract : In order to study the influence of different helix angle layups on the impact resistance of composite laminates, the
finite element software, ABAQUS, was used to numerically simulate the composite laminates with different helix angle ply, the
VUMAT subroutine was used to simulate the in-plane damage of the composites using the three-dimensional Hashin failure criteri-
on, the interlaminar strength was simulated by the cohesive element, and the quadratic nominal stress criterion was used for the
failure model damage criterion. The impact energy of 10 J and 25 J were used to numerically simulate the composite laminate with
spiral angle layer, and the damage contour of the composite material and the velocity change of the drop weight were obtained. The
results show that when the total number of fiber layers is the same and the spiral angle is less than 10°, the impact resistance of the
composite laminates decreases with the increase of the spiral angle, and the energy absorption capacity of the laminates damaged by
the impact also decreases. However, if the spiral angle is too small, the fiber distribution is too concentrated, which will increase the
deformation of the material. When the spiral angle is greater than 10°, because the fiber is evenly distributed in all directions, the
stress can be evenly transmitted to the matrix along the fiber, so as to avoid the stress concentration perpendicular to the fiber direc-
tion due to the concentration of the fiber laying direction, so that the large deformation can be increased and the spiral period can
make the impact force evenly dispersed under the action of multiple cycles, avoid the stress concentration in a certain direction, and
reduce the large deformation. When the number of layers is fixed, the direction of the fibers is uniform enough, the smaller the spiral
angle, the higher the energy absorption rate of the small energyof the composite laminate, but increasing spiral period can reduce the
impact failure deformation of composite laminates.

Keywords : spiral lamination ; impact damage ; numerical simulation ; composite material ; drop weight impact
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Fig. 1 Spiral laminate structure diagram
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Tab.1 Laminate material properties

Parameter Value Parameter Value
E, /GPa 130 G,,/GPa 3.8
E,,/GPa 7.7 X, /MPa 1950
E,,/GPa 7.7 X./MPa 1015

s 0.3 Y, /MPa 75
Moy 0.3 Y /MPa 220
s 0.33 S ,/MPa 150
G,,/GPa 4.8 S /MPa 150
G,,/GPa 4.8 S,./MPa 150

Notes: Subscript 1 represents direction of fiber of the material;
subscript 2 represents direction perpendicular to fiber in the plane; 3
represents direction perpendicular to the fiber outside the plane; E is
modulus of elasticity; u is Poisson's ratio; G is shear modulus; X is
tensile strength in fiber direction; X is compressive strength in fiber
direction; Y} is tensile strength in matrix direction; Y, is compressive
strength in matrix direction; S is shear strength.

2 Cohesive BT RIS H

Tab.2 Material parameters of Cohesive element

Parameter Value
K /(GPa-mm™") 120
K =K/(GPa*mm™") 43
N/MPa 30
S=T/MPa 50
G J-m?) 520
G =G/ m™) 920

Notes: K , N and G,. denote stiffness of cohesive force model, inter-
facial strength and breaking energy in direction of material fibers respec-
tively; K, S and G, denote stiffness of cohesive force model, interfacial
strength and breaking energy in direction perpendicular to fibers in plane
respectively; K, 7 and Gy, denote stiffness of cohesive force model,
interfacial strength and breaking energy in direction perpendicular to

fibers outside plane respectively.
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Fig.2 Impact simulation model of composite laminates
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