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One-Dimensional Deformation Behavior of a Honeycomb Structure with Zero

Poisson’s Ratio

Al Sen, GUO Yuchao, NIE Xiaohua, CHANG Liang
(Computational Structure Technique & Simulation Center, Aircraft Strength Research Institute of China,

Xi’an 710065, China)

Abstract: Tensile mechanical properties of a zero Poisson’s ratio (ZPR) honeycomb structure suitable for
morphing application is studied. A theoretical method for calculating in-plane tensile modulus of ZPR cellular
structures is proposed based on energy method, and the impacts of the unit cell geometrical configurations on
in-plane tensile modulus is studied systematically based on finite element (FE) simulation. Then,
experimental tests validate the feasibility and effectiveness of the theoretical and FE analysis. In addition, to
describe the nonlinear deformation regularity of ZPR cellular structures, FE simulation with using aluminum
alloy and steel as the workpiece is built and the relationship between the deformation and the residual strain is
studied. Results show that these cell geometric parameters and material performance provide different
contributions to the effective mechanical properties of ZPR cellular structures, which suggests that the in-
plane mechanics of ZPR cellular structures can be manipulated by designing cell geometrical parameters and
material selection. Furthermore, when selecting the base material, in order to take into account both the “in-
plane” stiffness and the “out-of-plane” load-bearing capacity, not only materials with a small Young’s
modulus should be selected to reduce its driving force, but also materials with a large elastic section should be

selected to reduce residual deformation.
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modulus

5 kAN [ 2 BB B R, R M bh e B3 25 4
(i N — SO R R E L /E M 0728 L . 5K
4L E/E AR 0=0°Rb Ik B AH , E ., /E Bl %5 R 5E
i &k £ 0 B 3TN o BEAN L E/E M S a
BT U 0N K R TR A o BB, e B A5 A Y
A5 200 v FR D R L 1 3 o ol A AR AORE g BRI

L E A FE S, Y28 a N 2725 R 30 ,E /E,
TE— B EPsh, M2 pM0128% 0.2 0,
E/EJJWFE 1~2 8% L sh Wik, mTikh S
AR E/E W S8 o K, 0 & T S50
ST R BRI R AP 1 S R

1E-01+ ~= Analytical o=2
N o FEM o=2
-2 b=0.15 —4— Analytical a=2.5
~N v FEM 0=2.5
e + Analytical o=3
e o —<+FEM a=3
& X
& 1E-02 i\ §
* B
CN
. )
N .
- X
i d
1E-0 L
30 20 40
R RO/ ()
K5 AN ] e RE 2 0 5 45 )Xo PP i S8 280 T v A
) 522 Wi

Fig.5 Influence of honeycomb structure with different
vertical wall length on unit cell equivalent elas-

tic modulus
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