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High-speed impact damage simulation of plain woven composites based on a macro-meso coupling damage model
LI Lin, LI Shuhu, XU Jingli, LIU Yan, WANG Ronghui, LU Zhuo, SUN Kuiyuan, LIANG Guowei
(Shandong Non-metallic Materials Institute, Jinan 250031, China)

Abstract : By integrating the existing three-dimensional Hashin-Hou failure criterion and progressive damage theory, adopting
the established macro-mesoscale coupled multi-scale simulation method and developed Fortran user material subroutine, a projectile-
target simulation model was developed for the interaction between wedge-shaped fragments and a plain woven composite made of
aramid fiber/epoxy resin system in this study. Impact simulations were conducted at two typical velocities, 350 m/s and 365 m/s, to
systematically investigate stress propagation, damage accumulation, and failure modes. The results show that the projectile is
completely arrested at an impact velocity of 350 m/s, while it penetrate the target with a residual velocity of approximately 50 m/s
at 365 m/s. Accordingly, the ballistic limit velocity(V,,) is predicted to be 357.5 m/s. Compared with the experimentally measured
V,, value of 413.88 m/s, the relative error is about 13.6%, indicating that the method can accurately reflect stress propagation,
damage accumulation, and failure modes during impact. The research demonstrates that the established macro-mesoscale coupled
multi-scale model and the developed program can effectively simulate the mechanical response and damage evolution of plain-
woven composites under high-velocity impact, providing a reliable numerical analysis tool for assessing impact resistance and struc-
tural design of composites.

Keywords : macro-meso ; multi-scale simulation ; composite ; high-velocity impact ; progressive damage model
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Tab.1 Key material parameters of macro-micro scale coupling

damage model

Parameter Value
Fiber 1-direction modulus/MPa 95 320
Fiber 2-direction modulus/MPa 9250
Fiber in-plane Poisson's ratio 0.36
Fiber out-of-plane Poisson's ratio 0.3
Fiber in-plane shear modulus/MPa 35000
Fiber out-of-plane shear modulus/MPa 3557
Fiber tensile strength/MPa 2900
Fiber compressive strength/MPa 500
Matrix tensile modulus/MPa 3082
Matrix Poisson's ratio 0.444
Matrix shear modulus/MPa 1067
Matrix tensile strength/MPa 45.82
Matrix compressive strength/MPa 79
Matrix shear strength/MPa 45
Fiber tensile fracture energy/(J-mm?) 12.5
Fiber compressive fracture energy/(J+mm ) 12.5
Matrix tensile fracture energy/(MPa*mm) 17
Matrix compressive fracture energy/(MPa+-mm) 16
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Tab.2 Impact resistance test results of aramid fiber/epoxy resin

system
Shot number Velocity/(m+s™") Result
1 461 Penetrated
2 452 Penetrated
3 416 Non penetrated
4 449 Penetrated
5 419 Non penetrated
6 426 Penetrated
7 413 Non penetrated
8 446 Penetrated
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