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Mechanical properties of arc concave honeycomb structure with negative Poisson’s ratio

YOU Zehua'?, XIAO Junhua?, WANG Meifen'?
(1. Department of Engineering Mechanics, Yanshan University, Qinhuangdao 066004, China; 2. Hebei Key Laboratory of
Mechanical Reliability for Heavy Equipments and Large Structures, Yanshan University, Qinhuangdao 066004, China)

Abstract: In this paper, a variable arc concave honeycomb structure with negative Poisson’s ratio was proposed.
The analytical formulas of the equivalent Poisson’s ratio and the equivalent elastic modulus of the two-dimensional
structures were given by energy method. The influences of the arc angle on the equivalent Poisson’s ratio and the
equivalent elastic modulus were discussed. The present analytical solution is in agreement with the finite element
results, which shows validity of the present method. The three-dimensional structures’ characteristics of the dyna-
mic were studied by ABAQUS, and the deformation failure mode of the whole honeycomb structures under impact
was analyzed. The influences of the impact velocity, structural strain and arc angle on the dynamic stress-strain
curve, the energy absorption rate and the platform stress were discussed. The results provide a mechanical basis for
the analysis of impact deformation failure and energy absorption effect of such mechanical metamaterials.

Keywords: negative Poisson's ratio; curved edge concave honeycomb structure; energy method; three-dimen-

sional deformation failure; energy absorption rate; platform stress
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negative Poisson's ratio
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Fig. 3 Model structure diagram of arc concave honeycomb 2D structure

with negative Poisson's ratio
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Table 1 Aluminum alloy material properties!”!

Young's modulus E/GPa  Density p/(kg-m™) Poisson's ratio v

71 2770 0.33

Equivalent Poisson’s ratio v
XY

30 40 50 60 70 80 90
Arc angle 6/(°)
FEA—Finite element analysis
P4 5GP U1 B DS L AR AR S L S IR D6 R
Fig.4 Relationship between equivalent Poisson's ratio and arc angle of

arc concave honeycomb 2D structure with negative Poisson's ratio
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Fig.6 Model diagram of arc concave honeycomb 3D structure with

negative Poisson's ratio
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Young's modulus  Density Poisson's  Yield stress
E/GPa o/(kg-m™) ratio v o/MPa
69 2700 0.33 76
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(a) No strain (b) The strain is 0.2

(¢) The strain is 0.4 (d) The strain is 0.5

(d) 70 m/s impact velocity
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Fig. 7 Deformation modes of arc concave honeycomb 3D
structure with negative Poisson's ratio at

different impact velocities (Strain=0.4)
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Fig. 10 Stress-strain curves of arc concave honeycomb 3D structure with negative Poisson's ratio at different impact velocities
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Fig. 11 Energy absorption curves of arc concave honeycomb 3D structure with negative Poisson's ratio at different impact velocities
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honeycomb 3D structure with negative Poisson's ratio
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honeycomb 3D structure with negative Poisson's ratio
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