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Simulation research on impact damages under low velocities of composite grid structures for aircraft wing

LAN Youze, ZHU Liang, XU Zhiwei”
(State Key Laboratory of Mechanics and Control of Mechanical Structures. Nanjing

University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; Research on damage characteristics of composite grid structures for unmanned aircraft wing under low
velocity impact was presented in this paper. The composite grid structures were modeled in finite element analysis
software ABAQUS. Then simulation analysis, in which the model was subjected to low velocity impact with the
assumption of no penetration, was carried out by employing Hashin - Rotem strain failure criteria and Camanho
Parameter degradation mode under different conditions, such as different grid shapes, different impact locations,

different impact energies, et al. Simulation results show that the damage characteristics vary greatly with different

impact locations, such as damage types, damage areas, damage propagation directions, et al. It also proves that grid

structures have significantly resistance performances to damage propagation and failures.
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(a) Unmanned aircraft wing and traditional

wing-box structures

(b) Grid structures for wing-box
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Fig. 1 Model of unmanned aircraft wing-box

and the grid structure of wing
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Table 1 Geometric dimensions of grid structure triangle

for aircraft wing

Geometry Model 1 Model 2 Model 3
Base length/mm 120 120 120
Triangle height/mm 60 75 86.7
Bottom corner o/ (%) 45 51 60

Rib height/mm 5.7 7.6 5.43

K2 WE/AREEEMHSH

Table 2 Parameters of glass/epoxy composite materials

Parameters Values

E;/GPa 4.2
Elasticity modulus

Es, E33/GPa 0. 26
Shear modulus Gizs Gigs Ga3/GPa 4.2
Poisson’s ration Vi2's VI3 s V23 0.26
Density o/ (kg e m™*) 1600

X./GPa 1.13
Tensile strength

Y., Z,/MPa 26.7

X./MPa 612
Compression strength

Y., Z./GPa 1.41
Shear strength S/MPa 42
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Fig. 2 Schematic diagram of grid structure and punch
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Table 3 Camanho’s model of parameter reduction

Failure mode Camanho’s method of parameter reduction

Matrix tension crack E}y = 0. 2E,, . G’y = 0.2G,y, G = 0. 2G,.
E\y=0.4E,,, G\y= 0.4G,,, G\ = 0.4G,.
Fiber tensile failure E% = 0.07E,,
El=0.11E.,

. . v ’
Fiber-matrix shear Gy = v,y =0

Matrix fracture

Fiber fracture

’

Delamination E.=Gr=Gr=Vu=1V.=0
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Fig. 3 Process of reconstruction of stiffness matrix in simulation
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Fig. 4 Impact location of punch on three grid structure models
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Fig. 6 Impact damage results located on single-rib supported

skin of three models
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Table 4 Maximum displacements, impact forces and

damage areas on two locations of model 3 under impaction

Impact energy/J 3 4 5
Max. displacement/mm 3.62 4.28 4.55

Location 1 Max. impact force/N 1733 2027 2300
Damage area/mm? 74.4 135.3  265.2

Max. Displacement/mm 3.88 4.52 4.98

Location 2 Max. impact force/N 1720 2013 2285
Damage area/mm?® 26.9 47.8 68.1
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