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Fig. 1 The constructive process and representative volume element of honeycombs with negative Poisson’s ratio (NPR)
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Fig. 2 Tllustration of calculating model for honeycombs
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Fig. 3 Nominal stress-strain curves of honeycombs under in-plane crushing
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Fig. 4 Macroscopic and microscopic deformation modes of honeycombs
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(a) v=3 m/s (b) v=20 m/s (c) v=120 m/s
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Fig. 5 Macroscopic deformation modes of honeycombs with NPR at different impact velocities
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Fig. 6 Macroscopic deformation modes of square honeycombs at different impact velocities
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Fig. 12 Relation between nominal stress and nominal strain of honeycombs with NPR
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Fig. 14 Relation between internal energy distribution coefficient and nominal strain of honeycombs with NPR

013103-9



14 I O L 5 39 %

3 2 P R /I B L 1] PR T 5 A AR 8 DB D7 S 8 88 RO 25 A0 19 5 AR B T — b SRR A LE S B A A AR R
T 0B I A BROCTT i X% GO 3 3 A0 ) 30 7“2 Wi L R BE R R BE AT T PSRRI R
45iE .

COTE T N Wy 28087 T SOIA AN PG 3 53 45 R A b el aod 7 AT 20 D R P I BE L °F 65 B B L 3 7 ) 3 5
B B SAL B BE 4 A BB AE PR E ey Iy SRR R e T A AL SR B BRI R R b 18 e 4
R B 245 7 B G T 5 B0 63 107 3 3 A0 . B A o ot S RE A 96 AB 4 200 B L BT P L e
L5 R GUIA R LU R PR DRSS

(2 10 AR S 00 oy 3 o o IR AR R 385 2 2 5 W) 7T A L 6 53 45 ) % S92 7 8 Y B AR A 5 7 v R e o I
SRR LB B3 1) S AR iy D T (o A o e R SR ) e . R TR R W CROR T kL T AR
P36 3 45 R TR A [) o i 2 T B8 S AR 2 0 20 50 6F T SROIA A LU e B 45 A L S 15 1 g 49 9 A R
SN AR BAE FE  HE A 2R O e el i R A R T

(TR E Wi LR il T JUAAL LR A M AT, SR AL LI 5 ARG 20 25 R #0RE 7 W1 i w55
TAEGIETT e . 5 T RE G WOSORR J5 i M — 4k o ol B BHIE 2 1 1 SA0TF P L 04 83 45 A e ol i ) S
07 256 o 2 AT G307 P e 22 AR B9 3 R 80RE T . BT 45 R S BROCAS R W) & 8Ll 0
MAEM T 28 A AR T350 R TIA T NRE A A K A vholy 2807 B DI L3 3 B0 RHAY fiE
W OE SCRBE 523 A3 1 0L

Sk

[1] PRAWOTO Y. Seeing auxetic materials from the mechanics point of view: A structural review on the negative
Poisson’s ratio [J]. Computational Materials Science, 2012,58(6) :140-153. DOI:10. 1016/j. commatsci. 2012, 02,
012.

(2] AWl BRAE L. whik 3 g 22 [MOL JE G i A 2 A . 2011 :197-220.

[3] GIBSON L J, ASHBY M F. Cellular solids: Structure and properties[ M]. Cambridge: Cambridge University
Press, 1997:1-13.

[4] PRALL D, LAKES R S. Properties of a chiral honeycomb with a Poisson’s ratio of —1[J]. International Journal of
Mechanical Sciences, 1997,39(3):305-314. DOI:10. 1016/S0020-7403(96)00025-2.

(5] SRHTAR WLIEANE , 42 W /S By T 1 06 8 45 A0 09 3 g 2w B e M SR [T ). R 3 5 b, 2016, 35(8) : 1-7. DOI: 10.
13465/j. cnki. jvs. 2016. 08. 001.
ZHANG Xinchun, ZHU Xiaoyan, LI Na. A study of the dynamic response characteristics of hexagonal chiral hon-
eycombs[J]. Journal of Vibration and Shock, 2016,35(8):1-7. DOI:10. 13465/j. cnki. jvs. 2016. 08. 001.

[6] SCARPA F., SMITH C W. RUZZENE M, et al. Mechanical properties of auxetic tubular truss-like structures[J7.
Physica Status Solid, 2008.245(3) :584-590. DOI.10. 1002/pssb. 200777715,

(7] skAh. o 597, BB R As b Z LR BE & & X O 2 dERe[J]. &M k4. 2015.32(2) :534-541. DOI: 10.
13801/j. enki. fhelxb. 20140616, 003.
ZHANG Wei, HOU Wenbin, HU Ping. Mechanical properties of new negative Poisson’s ratio crush box with cel-
lular structure in plateau stage[ J]. Acta Materiae Compositae Sinica, 2015,32(2):534-541, DOI:10. 13801/j. cnki.
fhelxb. 20140616. 003.

[8] QIAO]J X, CHEN C Q. Impact resistance of uniform and functionally graded auxetic double arrowhead honey-
combs[]J]. International Journal of Impact Engineering, 2015,83(9):47-58. DOI:10. 1016/j. ijimpeng. 2015. 04,
005.

[9] ZHANG X C, AN L Q, DING H M, et al. The influence of cell micro-structure on the in-plane dynamic crushing
of honeycombs with negative Poisson’s ratio[ J]. Journal of Sandwich Structures and Materials, 2015,17(1) :26-55.

DOI:10.1177/1099636214554180.

013103- 10



%39 & o e S SRR FE I T AR Bl ) 2 R R BE ek W A TR %013

[10] RUAN D, LU G, WANG B, et al. In-plane dynamic crushing of honeycombs: A finite element study[J]. Inter-
national Journal of Impact Engineering, 2003,28(2):161-182. DOI:10. 1016/S0734-743X(02)00056-8.

[11] LIU Y, ZHANG X C. The influence of cell micro-topology on the in-plane dynamic crushing of honeycombs[]J].
International Journal of Impact Engineering, 2009,36(1):98-109. DOI:10. 1016/j. ijimpeng. 2008. 03. 001.

[12] QIU X M, ZHANG J, YU T X. Collapse of periodic planar lattices under uniaxial compression, Part [[ : Dynam-
ic crushing based on finite element simulation[ ]J]. International Journal of Impact Engineering, 2009, 36 (10):
1231-1241. DOI:10. 1016/j. ijimpeng. 2009. 05. 010

[13] ZHANG X C, AN L Q. DING H M. Dynamic crushing behavior and energy absorption of honeycombs with den-
sity gradient [ J ]. Journal of Sandwich Structures and Materials, 2014, 16 (2): 125-147. DOI: 10. 1177/
1099636213509099.

[14] SUN D, ZHANG W, ZHAO Y, et al. In-plane crushing and energy absorption performance of multi-layer regu-
larly arranged circular honeycombs[J]. Composite Structures, 2013, 96 (2):726-735. DOI: 10. 1016/j. comp-
struct. 2012. 10. 008.

[15] ZHOU G, MA Z D, GU J, et al. Design optimization of a NPR structure based on HAM optimization method
[J]. Structural and Multidisciplinary Optimization, 2016,53(3):635-643. DOI:10.1007/s00158-015-1341-x.

[16] #HR R 9 ¥ f L A0 20 X 4 Jm e 33 3 28 0 M RB i S2 m ML B [T, 3k 4k 5 whf , 2014, 34 (1) : 41-46. DOI: 10.
3969/j. issn. 1001-1455, 2014. 01. 008,

HU Lingling, JIANG Ling. Mechanism of cell configuration affecting dynamic mechanical properties of metal hon-

eycombs[J]. Explosion and Shock Waves, 2014,34(1):41-46. DOI:10. 3969/j. issn. 1001-1455. 2014. 01. 008.

Dynamic responses and energy absorption properties of honeycombs

with negative Poisson’s ratio

HAN Huilong, ZHANG Xinchun, WANG Peng
(Department of Mechanical Engineering » North China Electric Power University ,
Baoding 071003, Hebei, China)

Abstract; In this work, for the traditional square honeycombs, we obtained a joint-based hierarchical
honeycomb model with the negative Poisson’s ratio (NPR) by replacing the structural nodes of the o-
riginal honeycombs having smaller inner concave structures. We numerically investigated the dynamic
responses and energy absorption characteristics of these honeycombs with NPR under in-plane crush-
ing using the explicit dynamic finite element analysis (DFEA), revealing that, apart from the impact
velocity and the relative density, the in-plane dynamic properties of the honeycombs also depend upon
the cell micro-structure. Compared with those of the square honeycombs, the dynamic strengths and
energy absorption abilities of these honeycombs are obviously improved. Under low or moderate ve-
locity crushing., the specimens exhibit the obvious “neck shrinkage” phenomenon of auxetic materials,
and show the unique plateau stress enhancement effect. Based on the energy absorption efficiency
method and the one-dimensional shockwave theory, the empirical formulae of densification strain and
dynamic plateau stress were given to predict the dynamic load-bearing capacity of the honeycombs
with NPR. Our study can serve as a guidance for the multi-objective optimal dynamic design of auxet-
ic cellular materials.
Keywords: cellular materials; negative Poison’s ratio (NPR); plateau stress enhancement effect; en-
ergy absorption
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