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(Recommended by LIU Shaobao, Member of the Editorial Board of AMM )

Abstract: Current repair methods for composite honeycomb sandwich panels primarily employ scarf repair
techniques, but they are limited by complex procedures and high equipment requirements. Given equipment
shortages and time constraints in emergency situations, there is an urgent need to develop rapid temporary re-
pair techniques for sandwich panels. An internal patch reinforcement repair scheme combining operational sim-
plicity with design flexibility was proposed. By drop-weight impact tests and the establishment of a finite ele-
ment model for low-velocity impact analysis on repaired composite honeycomb sandwich structures, the effects
of different reinforcement schemes on impact responses and damage mechanisms were comparatively analyzed
through combination of mechanical response curves with failure morphology characteristics. The results indicate
that, interfacial voids in conventional patch repairs reduce the impact load-bearing capacity. Due to the increase
of contact area during impact, the proposed internal patch reinforcement enhances the impact resistance with a
delay of the adhesive failure a constraint on structural deformation. The research provides a theoretical base for

rapid repair technologies in composite structures.
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Fig. 2 The finite element model for impact response analysis of composite honeycomb sandwich structures
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Table 1 Mechanical property parameters of CF3052 composites

parameter name parameter value
density p/(kg/m?) 1 450
elasticity modulus E, /GPa, E, /GPa, E; /GPa 58.142, 58.142, 5.22
Poisson’ s ratio Vi, 0.09
shear modulus G, /GPa, G5 /GPa, G,; /GPa 2.1,5.22,522
strength of tensile failure Xy /MPa, Y, /MPa, Z, /MPa 714, 714, 541.6
strength of compression failure X. /MPa, Y. /MPa, Z. /MPa 511, 511, 417.6
strength of shear S, /MPa, S,; /MPa, S,; /MPa 131, 73.5, 73.5
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Table 2 Honeycomb core material properties/ 2]

parameter name parameter aramid paper phenolic resin
density p/(kg/m*) 64 1350
modulus E /MPa 1878 3 000
Poisson’ s ratio v 0.3 0.389
plastic yield stress o, /MPa 27.21 5.5
tensile strength oy, /MPa 30 6
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Fig. 3 Load-displacement curves of drop-weight impact tests

E N TRERIE TR BUE B T AS AR SR R T R TR L



%5 6 1] VEAERR, 55 &% AN A S bR s e AR I A ME B]UR iy 25 R e nh i Pk g 819

P 4 g AN [ e B 11 7 v i v ol 338 I 445 30 8 v o 38 12 -7 % il £, I 484 I 52 38 A D

PR GENHIME PREE K B il J R AR TR 0.174 m/s , NN DU BRLES A £ e ot 3 P88 2R AR L Xk PR 2L e e, o
TR TR A 0.490 m/s , X AN P RM 5 8 BREE R 1 NI B2 A v, o ol AR vh S AT W BB T, T3
SR AR,

2.5
N N
£ 1.5 £
I I
2 2
2 2
5 051 e
> >
-0.5 T T T T T -1.0 T T r T T
0 10 20 30 0 4 8 12
displacement / mm displacement / mm
(a) fEGENEAME B (b) WAMNTIEEMERE
(a) The traditional patch repair (b) The internal patch repair

B4 V&l g0 R - B i 2%
Fig. 4 Velocity-displacement curves of drop-weight impact tests
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Fig. 5 Post-impact damages of test specimens
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Fig. 6 Comparison of failure modes on the upper surface of test specimens
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Table 3 Comparison of impact load peaks and displacement errors

parameter experiment simulation error/ %
the Ist peak load /N 2 054.8 1935.44 5.81
displacement of the 1st peak load /mm 4.78 4.33 9.41
the 2nd peak load /N 1 575.11 1677.25 6.48
displacement of the 2nd peak load /mm 24.69 26.15 5.91
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Fig. 7 Damage evolution processes in the impact finite element model
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Fig. 8 Damage evolution processes in the adhesive layer
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Fig. 9 Damage evolution processes in the honeycomb core layer of the finite element model
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Fig. 10 Localized damages during punch penetration into honeycomb core layers
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