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Tensile Failure Simulation of Vacuum-Assisted Wet-Layup

Stepped-Repaired Laminates

Liu Weizian, Zhou Guangming , Wang Xinfeng , Qiao Yu

(State Key Laboratory of Mechanics and Control of Mechanical Structures,
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Abstract: A 3-D finite element model of the glass fiber composite laminates is established using vacuum-

assisted wet-layup stepped-repair, and the tensile failure process is simulated. The anisotropic continu-

um damage mechanics model of lamina is developed considering the shear nonlinearity, and it is used to

simulate the material failure of the parent and the patch laminates. The contact analysis is defined for

the secondary curing interface between the motherboard and patch., using the cohesive model to achieve

the interface contact properties. The test results are in good agreement with the numerical simulation

results, and the model can be used to predict the tensile properties of the entire repaired structure. Fi-

nally, the damage and failure process of the step-repaired structure is analyzed during stretching.

Key words: stepped-repair; shear nonlinearity; continuum damage model; cohesive theory; contact anal-

ysis
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Fig.1 Geometry of stepped-repaired laminates
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Tab. 1  Properties of unidirectional glass fiber reinforced

composite materials
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HY T 2 457 B2 AN FLA A AR THT R FR 1 L R R
NEAME BRGE A JEAT A3 A . b BEACRIRS A
e C3D8R FA7T (8 45 i 7N I 4 45 1 AL 43 #1700
B R R LT 1) — 2 SR BT b R S B AR BR T TR
3 3 i SORE S — . A RO 5] 2
JIr 7 AR R I €0 DX IR B 6 R T Bk A 21 41X
BN BRI AN R B AN IAR o AR T g [ S T
Uit il 3 MPC 48 5€ 22 g i Jin 32 7% 804 . it 2 2
275 1 ST B AT B DT 3R A A -0 B it 2k

2 4B PR 25 g L A IR 3 R bR A A R B
JEAR DB (] J, 2y 1 PR UEAT BROG ¥ (Finite ele-
ment method, FEM) 8 L0 A 52 it . A 3C % H
ABAQUS I AR B Xof 47 b &35 1 R AT HE i 285 0 # o

3 HRREITR

3.1 BUEREHXBERIEER

B S5 BB BB IE A2 AME BES JZ & AR 56
FEMVBAA AP 753 968 3 B BT I 3 v, i [T R AR
T ERUE S S ) G R R X R 2E A
AL 1020, f1 I AT UL L AR SO 7 Y = 4 A R DT A
TR BE A A0 Hb TN A 52 b Rk s Al B 9 Al O
B FZAME B S R A5 H A9 1L PR BE



XA 5+ 45 « 23 B B3 ol U 9 B T2 42 M B 2 5 AR L fr A R A 41 307

(b) RHEHE
K2 =4 RoTKA

Fig. 2  3-D finite element model
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Fig. 4 Typical stress distribution of repaired structure

before damage
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joints of 0° layers and its influence
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Fig. 8 Debonding of secondary curing interfaces
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Fig. 9 Ultimate failure mode of stepped-repaired laminates
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