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Optimization of Geometric Parameters of Hexagonal Chiral

Structure Based on Orthogonal Experiment
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(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China )

Abstract : In view of the fact that the traditional materials used in the present chiral structures do not possess the
ability of self-recovery after large deformation, a metallic material with in—plane unfolding and folding capability was
proposed for the chiral structures of six ligaments. The influences of four factors, including the node spacing, the node
diameter, the node height and the ligament thickness,on the maximum stress of the hexagonal ligament chiral struc—
ture after folding and unfolding were analyzed by finite element method. Taking the maximum stress after unfolding as
the index, the effect of each factor was analyzed by orthogonal experiment. The order of influence is the node spacing,
the ligament thickness,the node height and the node diameter. As a result,a set of optimal parameters can be ob—
tained by range analysis and variance analysis, namely,the node height 8 mm,the node spacing 70 mm, the ligament
thickness 0.06 mm, and the node diameter 22 mm. Meanwhile, the reliability of the simulation model was verified and
the chiral structure has the ability of self-recovery after large deformation by experiments.
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Fig.1 Schematic diagram of chiral structure of six ligaments
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Tab.l Material parameter

i T

i T gy THERE IR )
(kg-m™) a

Q235 7 858 0.33 210 o, =235 MPa

% g, = 785 MPa i}, e, = 0;
% g, = 980 MPa i,
&, =0.073 755

65Mn 7 820 0.288 210
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Fig.2 Before and after folding model
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Fig.3 Folding and unfolding process schematic
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Tab.2 The results of different meshing

T PR HEARBITRO/mm RORBL)/MPa R22/%
1 3264 2 795.3 0.176
2 13284 1 793.0 0.113
320772 0.8 7932 0.088
4 52680 0.5 793.9 0.000
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Fig.5 Measuring position
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Fig.6 Schematic diagram after folding
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Tab.3 The comparison of test and simulation results

e , . L Bl R BlGiE
WA R RS _ .
KJF/mm K /mm 22{H/mm
X — 118 118 0
hiE
Y — 104.6 104.6 0
1 117.2 117.1 0.1
2 117.2 117.2 0
X
3 117.3 117.1 0.2
LY}
i FHME 117.23 117.13 0.1
i 1 105.8 105.5 0.3
iy
2 105.7 105.6 0.1
Y
3 105.8 105.5 0.3
FHIE 105.77 105.53 0.24
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Fig.7 X-ray stress tester(X-350A)
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Fig.8 Position of strain gauges
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Fig.9 Testing status
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Fig.11 Displacement-load curve
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Fig.12 Results of simulation
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Tab.4 The comparison of test and simulation results
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Fig.13 Schematic diagram of geometric parameter
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Fig.14 Variation in nodal ring thickness
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Fig.15 The maximum stress change curve after folding

when the node height changes
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Fig.16 The maximum stress change curve

after unfolding when the node height changes
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Fig.17 The maximum stress change curve after folding

when the node diameter changes
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Fig.18 The maximum stress change curve after unfolding

when the node diameter changes

P EAE RN, B 15 PR ELAR A3 O A e
AR RTT I 08 5 R R SR/, S5/ Nod sl ik 3|
791.80 MPa 5 239.90 MPa, X2 K Ak 1538 H iR
S Py NI e e NS Y 7 8L 8 WA N = AR R Z ST
TR AR TR RPN 5 AL L
WEABRK S B ERIMES I E A
U NN GIEINEEE NE D
3.3 FIAEEE

PRIFTCEE AN 1T 3R EAR  TO i 4 2 B oA
Pl RS R 1, SR TC i 401 R R R AR fL T, A 4
Wl DL K S I i 1 B K 7 A8 Ak it 42 43 Sl an il 19
FIEL 20 P,

P BEE R IR BEE 19 PR RIFE RGO, M ek
FJRTF I 0t K ST # B BN, Fe /Ny ik
616.3 MPa 5 50 850 Pa, {H & H1 T 15 S H BE R AT 2%
AL AR IR EE AR /N, S PR [E FE R 5 80 mm
A Zp W FJTUw%IEﬂEETf”ﬁﬂ 80 mm.

800.00 , . C
775.00 \ ]
. 750.00+ ]
S 725.00} . ]
< 700.00 | ]
E 675.00 ]
I 650.00 - 1
625.00 L]
600.00

10 1.1 12 13 14 15 16
R RN (B
B 19 306 B2 A MRS 49 R KR A AL &
Fig.19 The maximum stress change curve after folding

when the node spacing changes



42 R R AR (A AR B R)

2020 4F

400.00
350.00} *
300.00

g 250.00

200,00

Z 150,00} \

% 100.00 \\\
50.00 \\\
0.00 L ) I ——— 71 % -
10 1.1 12 13 14 15 16
e REEZN [V
B 20 FERima e ARG RS A THE

Fig.20 The maximum stress change curve after unfolding

when the node spacing changes
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Fig.21 The maximum stress change curve after folding
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Fig.22 The maximum stress change curve after unfolding

when the ligament thickness changes
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Tab.5 The table of factors and levels
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1 0.06 16 50 8
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3 0.10 20 70 12
4 0.12 22 80 14
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Tab.6 Experimental arrangement and results
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Tab.8 Variance analysis of maximum stress

5 A E B C D SEONIVIN
1 1 1 1 1 1 3.042x10°
2 1 2 2 2 2 3.445x10°
3 1 3 3 3 3 3.103x10*
4 1 4 4 4 4 2.938x10°
5 2 1 2 3 4 3.475x10"
6 2 2 1 4 3 3.282x10°
7 2 3 4 1 2 5.314x107
8 2 4 3 2 1 1.992x10*
9 3 1 3 4 2 2.797x10°
10 3 2 4 3 1 3.270x10"
11 3 3 1 2 4 1.398x10°
12 3 4 2 1 3 3.609x10°
13 4 1 4 2 3 1.786x10°
14 4 2 3 1 4 5.431x10°
15 4 3 2 4 1 4.127x10"
16 4 4 1 3 2 1.125x10°

RT RRKNABIRESH

Tab.7 Range analysis of maximum stress

KN F3/Pa
A E B C D
K, 9.884x10" 1.786x10° 2.423x10° 9.571x10° 1.243x10°
K, 5323x107 5.431x10° 3.610x10° 3.184x10° 1.656x10°

Ky  5.007x10° 1.929x10° 5.431x10* 1.126x10° 5.395x10°
K, 8342x10* 4.834x10° 2.317x10° 7.983x10° 6.829x10*
k 247110 4.465x107  6.058x107 2.392x10°  3.108x10*
k, 1.331x107  1.358x10° 9.025x10" 7.960x10"  4.140x10’
ks 1.252x10°  4.823x10" 1.358x10® 2.815x10" 1.349x10°
ks 2.086x10° 1.209x10* 5.793x10" 1.996x10° 1.707x10°

W2 R 8.342x10° 3.048x10° 3.114x10° 8.445x10° 5.586x10°

WES AB,CsD,

E =3 R H HEE ¥y P
A 1.169x10" 3 3.387x10" 0.12
B 1.523%10'° 3 5.075x10" 0.67
C 1.371x107 3 4.570x10" 0.10
D 7.578x10" 3 2.526x10" 0.21
R 2.663x10'° 3 8.877x10"
SR 3.717x107 15

2 8 R R, COTT PR E]EE )X B KN ) 5%
W7E 90% I B IR W, A (B IR ) F D
(TR ) B 2 E PR T C, M BO R AR WDEA
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