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Fig. 3 Deformation modes of regular hexagon honeycombs under different impact velocities
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Table 1 Average crushing strength of regular hexagon honeycombs

Average crushing strength/MPa

h/mm vi(m-s™) Ref[9] Numerical Deviation/%
0.3 70 2.491 2.287 8.19
0.3 100 4.677 4.893 4.62
0.4 70 3.777 3.952 4.63
0.4 100 6.802 7.384 8.56
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Fig. 4 Deformation modes of re-entrant honeycombs under different impact velocities
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Fig. 5 Deformation modes of semi re-entrant honeycombs under different impact velocities
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Table 2 Plateau stress of the semi re-entrant honeycombs

Average crushing strength/MPa

h/mm v/(m-s™) - - Deviation/%
Theoretical Numerical
70 1.643 1.555 5.36
02 100 2.788 2.850 2.22
' 140 5.738 5.967 3.99
200 11.421 11.551 1.14
70 2.910 3.180 9.28
03 100 5.287 5.340 0.99
' 140 9.761 9.012 7.67
200 19.268 20.181 4.74
70 4.553 4.810 5.64
0.4 100 8.134 8.222 1.08
' 140 14.875 13.608 8.52
200 29.200 28.769 1.48
70 6.682 7.170 7.30
05 100 11.828 12.991 9.83
' 140 21.514 21.545 0.14
200 42.097 40.774 3.14
60 60
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Fig. 10 Impact velocity versus plateau stress curves of three types of honeycombs
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Fig. 11  Stress contours of semi re-entrant honeycombs (4=0.5 mm, v=70 m/s)
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Fig. 12 Deformation modes of novel semi re-entrant honeycombs (4=0.5 mm, v=35 m/s)
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Fig. 13 Nominal stress-strain curves of semi re-entrant honeycombs and novel semi re-entrant honeycombs
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Fig. 14 Nominal stress-strain curves of novel semi re-entrant honeycombs and re-entrant honeycombs
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Fig. 15 Impact velocity (a) and cell wall thickness (b) versus plateau stress curves of three types of honeycombs (v=100 m/s)
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Impact Resistance of Semi Re-Entrant Honeycombs
under in-Plane Dynamic Crushing

CHEN Peng, HOU Xiuhui, ZHANG Kai
(School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The semi re-entrant honeycombs presented unique deformation modes due to its characteristic of
zero Poisson’s ratio. The impact resistance of the semi re-entrant honeycombs under in-plane impact load
was compared with that of the traditional positive Poisson’s ratio (regular hexagon) honeycombs and
negative Poisson’s ratio (re-entrant) honeycombs, and the effects of zero Poisson’s ratio on its dynamic
performance were revealed. Given cellular geometric parameters (cell wall’s aspect ratio), the deformation
behaviors of three honeycomb configurations under different impact velocities were analyzed. It is concluded
that dominant local deformation band of the semi re-entrant honeycomb is “I” type because of the zero
Poisson ratio. According to the one-dimensional shock wave theory, a theoretical formula of the average
dynamic crushing strength of semi re-entrant honeycombs was derived and compared with the finite element
results to verify its effectiveness. Simultaneously, it was found that the impact resistance of semi re-entrant
honeycombs was between regular hexagon honeycombs and re-entrant honeycombs. Therefore, a novel zero
Poisson’s ratio honeycomb was designed by adding a rib into every cell of the semi re-entrant honeycomb,
and its impact resistance was improved. These results provide certain theoretical references for other
structural optimization designs.

Keywords: semi re-entrant honeycombs; zero Poisson’s ratio; in-plane impacting; crushing strength
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