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Fig.1 Diagram of anti-tetrachiral honeycomb
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Table 1 Dimensional parameters of honeycomb with different & values

k x JEMETTEUAS | x A /mm |y TR |y AR /mm
0.6 33 10 10 15
0.7 28 17.5 10 15
0.8 25 10 10 15
0.9 22 175 10 15
1.0 20 15 10 15
1.1 18 225 10 15
1.2 17 10 10 15
13 16 2.5 10 15
1.4 14 35 10 15
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Fig.3 Deflection curves along two-direction honeycomb symmetry axis at different & values
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Table 2  Fitting results of the deflection in x-direction with different k values

k FHEE a,/E-15
0.6 45
0.8 5.0

w(x)=a, (x*~500%)°
1.0 +b,(¥~500*)* 5.5
+¢,(x*~500%)
12 6.0
1.4 6.5
60 -
40|
g
£
Feiat
=
& 201
oL
1

b,/E-9 c,/E-5 R
1.5 -2.64 0.9988
1.7 -3.05 0.9991
1.9 -3.44 0.9967
2.1 -3.72 0.9969
2.3 -3.87 0.9963
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Fig.4 Fitting curves of the deflection in x-direction at different k values
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Table 3 Parameter fitting results of deflection curve in x-direction

E AT R
a a,(k)=(2.5k+3) E-15 1
b, b, (k)=(k+0.9)E-9 1
¢ ¢, (k)=(1.1K-3.765k—0.767) E-5 0.9987

R4 TEALETy FERBENGER

Table 4 Fitting results of the deflection in y-direction at different k£ values

k FIIE a,/E-15
0.6 0
08 w()=a,(°-250%)° 0
1.0 +b,(3*-250%)* 0
s +¢,(3*-250%) 0
1.4 0

b,/E-9 ¢,/E-5 R’
7.2 -3.01 0.9994
8.2 —6.84 0.9991
9.2 -10.42 0.9991
10.2 -12.82 0.9994
11.2 —14.71 0.9993
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Table 6 Prediction curves of honeycomb deflection at different & values

k x e

w(x)=4.75E-15% (x~500%)°

07 11 60E-9x (x-500%)*-2.80E—5% (x*~5007)

w(x)=5.25E-15x(x*~5007)*

091 11 809~ (x*-500%)*-3.18E-5x (x*~500%)

w(x)=5.75E-15% (x*~500%)°
+2.0E-9% (x*~500°)*-3.49E—5x (x’~500°)
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v R
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Table 7 Dimensional parameters of honeycomb with different & values

K x FFMICEAS | x TRBRK/mm |y TR |y AR /mm
0.6 26 15 10 15
0.7 24 125 10 15
0.8 22 20 10 15
0.9 21 15 10 15
1.0 20 15 10 15
1.1 19 20 10 15
12 18 30 10 15
1.3 18 125 10 15
1.4 17 30 10 15
50 —a— k=14
—o— k=13
40 —A—k=1.2
k=1.1
—o—k=1.0
E 30r < k=09
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Fig.8 Honeycomb deflection along the x-direction symmetry axis at different k" values in the

non-uniform case
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Table 8 Non-uniform honeycomb deflection curve fitting results

K VL 2 m R
0.6 ~0.016 0.9949
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Comparison of prediction curves and simulation values for non-uniform honeycomb

AREEOLT B0 2 n] LR RS
Y T ML HEA TR AR o
(5)ZBUEANE J7 ikl U T
PO Tt B A P 5 B, A
FIE N AR 45 v A R A

& & X

(1] S, X754 s AR T 20T
FEHEIRE[T]. fiezs il F R, 2016, 59(3): 48-54.

MA Cheng, LIU Fangjun. Research
progress in processing technology of honeycomb
materials[J]. Aeronautical Manufacturing
Technology, 2016, 59(3): 48-54.

[2] LIUJF, WANG Z G, HUI D. Blast
resistance and parametric study of sandwich
structure consisting of honeycomb core filled
with circular metallic tubes[J]. Composites Part
B: Engineering, 2018, 145: 261-269.

[3] ZHAIJY, LIUY F, GENG X Y, et
al. Energy absorption of pre-folded honeycomb
under in-plane dynamic loading[J]. Thin-Walled
Structure, 2019, 149: 106356.

[4] ZHANG D H, FEI Q G, ZHANG P W.
In-plane dynamic crushing behavior and energy
absorption of honeycombs with a novel type of
multi-cells[J]. Thin-Walled Structures, 2017,
117: 199-210.

[5] BEAER, WEFE R, R, 45 A
PR BUpE it s BUIR L5 42 B (0], Wy R BT
KR, 2017, 22(1): 123-128.

XUE Huafei, YAO Xiurong, CHENG
Haiming, et al. Current situation development
of lightweight ablation materials for thermal
protection[J]. Journal of Harbin University of
Science and Technology, 2017, 22(1): 123-128.

[6] TEJAVIBULYA N, YOUSSEF
J, BAO B, et al. Directed self-assembly of
large scaffold-free multi-cellular honeycomb
structures[J]. Biofabrication, 2011, 3(3):
034110.

[7] MEI H, LI C Y, LIU H, et al.
Simulation of catalytic combustion of methane
in a monolith honeycomb Reactor1[J]. Chinese
Journal of Chemical Engineering, 2006, 14(1):
56-64.

[8] OLYMPIO K, GANDHI F. Zero-v
cellular honeycomb flexible skins for one-
dimensional wing morphing[C]//Proceedings
of the 48th ATAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics, and Materials
Conference. Honolulu: ATAA, 2007.

[9] #BHIHE, WIS Nomex W55 J¢ 2451

2024467 5 1/20] - BT ERA 85



- . .
—— Ix oru

A 1) 72 A AL B 8 8 R AR, s i
AR, 2020, 63(13): 69-74, 82.

HAO Xinchao, HU Jie. Lateral crush
mechanism and honeycomb stabilization of
Nomex honeycomb sandwich structure[J].
Aeronautical Manufacturing Technology, 2020,
63(13): 69-74, 82.

[10] ZHANG C, LIU R H, TAO C C,
et al. Design, construction, and modeling of
aircraft door sealing plate based on SMAs[J].
International Journal of Smart and Nano
Materials, 2022, 13(3): 481-503.

[11] Fede, A PR IR AT 5
RS E IR LER . fiias dil i HoR, 2017,
60(17): 24-29.

YIN Weilong, SHI Qinghua. Review
of material and structure for morphing
aircraft skin[J]. Aeronautical Manufacturing
Technology, 2017, 60(17): 24-29.

[12] ZHANG Q Q, DONG J Q, ZHAO
Y T, et al. Three-dimensional meta-architecture
with programmable mechanical properties[J].

International Journal of Smart and Nano

Materials, 2022, 13(1): 152—-165.

[13] YINY Q, YUY, LI Bo. Notch
flexure as kirigami cut for tunable mechanical
stretchability towards metamaterial
application[J]. International Journal of Smart
and Nano Materials, 2022, 13(2): 203-217.

[14] BUDARAPU P R, SUDHIR
SASTRY Y B, NATARAJAN R. Design
concepts of an aircraft wing: Composite and
morphing airfoil with auxetic structures[J].
Frontiers of Structural and Civil Engineering,
2016, 10(4): 394-408.

[15] BORNENGO D, SCARPA F,
REMILLAT C. Evaluation of hexagonal chiral
structure for morphing airfoil concept[J].
Proceedings of the Institution of Mechanical
Engineers, Part G: Journal of Aerospace
Engineering, 2005, 219(3): 185-192.

[16] AIROLDI A, BETTINI P,
PANICHELLI P, et al. Chiral topologies
for composite morphing structures— Part I:
Development of a chiral rib for deformable
airfoils[J]. Physica Status Solidi (b), 2015,

252(7): 1435-1445.

[17] AIROLDI A, BETTINI P,
PANICHELLI P, et al. Chiral topologies for
composite morphing structures— Part II: Novel
configurations and technological processes[J].
Physica Status Solidi (b), 2015, 252(7): 1446—
1454.

[18] GONG X B, HUANG J, SCARPA
F, et al. Zero Poisson’s ratio cellular structure
for two-dimensional morphing applications[J].
Composite Structures, 2015, 134: 384-392.

[19] HUANG J, ZHANG Q H, SCARPA
F, et al. Bending and benchmark of zero
Poisson’s ratio cellular structures[J]. Composite
Structures, 2016, 152: 729-736.

BINIEE - IM, #oz, 1, P57 i o ik
RIS S AR TRAT &%, EEAARIER
IDICE B MR SR B A5 ST HLILEE ) T fE
Llieo i

Hyperbolic Outer Plane Deformation of Anti-Tetrachiral Negative Poisson’s

Ratio Honeycomb

DU Linzhe', YE Changshuiz, GAO Feiyul, SUN Jian', LIU Yanju3, LENGJ insong1
(1. National Key Laboratory of Science and Technology on Advanced Composites in Special Environments,
Harbin Institute of Technology, Harbin 150001, China;
2. AVIC Chengdu Aircraft Design Research Institute, Chengdu 610073, China;
3. Department of Astronautical Science and Mechanics, Harbin Institute of Technology, Harbin 150001, China)

[ABSTRACT]

For the problem of fast solution of the anti-tetrachiral negative Poisson’s ratio honeycomb out-of-

face deformation, a fast solution method using numerical fitting is proposed. First, the out-of-plane deformation of
the honeycomb was solved by finite element analysis software, and the result data were divided into training data and
validation data. Then, the least squares method was used to fit the solution results. According to the characteristics and
dimensional analysis of the out-of-plane deformation of the honeycomb, a three-parameter fitting equation was constructed.
And the fitting curve on the symmetry axis of the honeycomb was obtained. Next, the fitting parameter results and the
size parameters of the honeycomb were fitted again. The relationship between the size and the deformation curve of the
honeycomb was obtained. Then, the deformation of the honeycomb under other sizes predicted by using this relationship
was compared with the validation data. In addition, the out-of-plane deformation of the two-stage non-uniform honeycomb
was also studied. The fitting function was constructed by using the fitting results of the previous uniform honeycomb and
the Logistic function. And the fitting results were compared with validation data. The results show that the prediction
results of the fitting equation are in good agreement with the simulation results. This numerical method can be applied to
the deformation prediction and design of anti-chiral honeycomb.

Keywords: Negative Poisson’s ratio; Anti-tetrachiral; Outer plane deformation; Least squares method; Numerical fitting
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