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Influence of Weakening Grooves on Explosive Separation
of Carbon Fiber Woven Composite Plates
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(1. School of Chemical and Blasting Engineering, Anhui University of Science and
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Abstract; To improve energy utilization efficiency and reduce shock hazards in explosive separation processes for
carbon fiber woven composites, this study introduces an innovative separation method that uses symmetrical rectangu-
lar weakening grooves prefabricated on both sides of the composite panels, combined with linear shaped-charge cut-
ting techniques. Through integrated numerical simulation and experimental validation, this research utilizes Autodyn
simulation software to investigate jet formation states ,composite material velocities ,and energy variation trends across
different explosive separation configurations. Comparative analysis of simulation outputs and experimental measure-
ments elucidates how rectangular weakening grooves and composite groove structures, optimized based on linear jet
development characteristics, influence the explosive separation performance of composite material plates. Results
demonstrate that the proposed explosive separation method can effectively separate composite materials while preven-
ting extensive delamination during the impact process. The composite groove configuration optimizes jet expansion

space ,markedly enhancing jet velocity and penetration capacity while minimizing fragment impact on adjacent com-
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Table 1 The material model parameters of the copper
BYIRL PGS DALY S IR L FHRLH L IR L IR L FORLH L
Shear modulus Failure strength Tensile strength Material Material Material Material constant Material
G/GPa o,/ MPa o,/MPa constant H,, constant H, constant G, C,/(m+s”')  constant S,
8.60 12 24 110 0.52 2.74 2006 1.43
®2 MEHMBSH
Table 2 Explosive material parameters
iVIEY ¢ JE 1 28 AR L AR A RE Hid N BE HRIE
Pressure Pressure Attenuation Attenuation Coupling Detonation  Initial internal ~ Detonation
coefficient coefficient coeffcient coeffcient coefficient velocity energy pressure
A/GPa B/GPa R, R, ) D/(m-+s™') E/(J-m™) P/ GPa
538 10.70 4.50 1.40 0.35 7010 6.6¢° 27
®3 BALRAESWHERNESH
Table 3 Mechanical parameters of carbon fiber woven composite plates
SRR PR SRPERLE,  BUUIRLEE,  SUUIREL,  BYDIELN, THAS L, S L
.. .. .. . M EI */ I LK23
Elasticity Elasticity Elasticity Shear Shear Shear Poisson Poi ot
modulus, modulus, modulus, modulus , modulus,, modulus;, ratio,, o1sson Tatiozs
E,/GPa E,/GPa E,/GPa G,,/GPa G,,/GPa G,/ GPa Mo Has
9.98 54.20 65.5 3.25 4.22 3.65 0.30 0.03
HEL/N A I 71,4 I8 710 2P I A3, 2P I A3,
Poisson Stress Stress,, Stressy, Stress,, Stress,; Stresss,
ratioy iy, o,/ MPa 0,/ MPa 033/ MPa o,/ MPa 0,3/ MPa o3,/ MPa
0.35 92 528 658 39.60 42.60 41.20
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Fig. 3 #1 and #2 Numerical simulation

results of composite plate
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Fig. 5 Jet penetration process
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(a) With simultaneous detonation of bilateral charges, the metal casing is collapsed

and impacts the plate, giving rise to a fan—shaped compressive wave
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(b) The compressive waves converge at the midpoint, forming

an hourglass—shaped waveform that subsequently expands its area of influence
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(c) The hourglass—shaped compressive wave continues to propagate,

eventually encompassing the entire plane
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Fig. 7 Propagation process of planar stress waves in the separation direction
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Fig. 9 Stress variation in the plate separation direction
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