LRI (7] 5 32 ek o5 44 % 55 5 1
20 SPACECRAFT RECOVERY & REMOTE SENSING 2023 410 A

Ji A AP RHE 5E FE S il 5 [STRE Y b &5 ) 7
11 ohbse

A oxea? ThE? R R
(1 EB2EBE 1208588, Lt 100190 )
(2 b= AL AT, dbat 100094 )

(3 bR IR R 2T, dbad 100191)

W OE RABAEHNY ?‘1’%19&’#?%4%&% BEALETEORBHAR, AR B A EFE
HREREGFR, LFRET HHFARE A Ao A2, AR T
ABAQUS #4312 5 T 4R 48 45 4 04 A IR L3 5 ﬁﬁ,ﬁM?iﬁfﬁﬁwwﬁéh#ﬁ%,%%T%%
BB BACHR R e o AT R R 1) & FAMER, HAT ERSRRBA BAE SRS
89 58 2 BOPCAE 7 1R A K TR 48 SR e AL A e B AL AR RO R & A0 2) BIAE TR AR & A F A R
R IR R AEF N R LI E N FRMEA TR KA, LR85 A R AERAR A
AL XA EEMREBEGRE TR ARBE—ZHARALE,

KA EHENERABMA AN R FEHGY MARKERS

FESES: V4154 MRKFRARS: A X EHS: 1009-8518(2023)05-0020-09

DOI: 10.3969/j.issn.1009-8518.2023.05.003

Study on Dynamic Characteristics of Cylindrical Shell Filled with
Compression Torsion Double Helix Metamaterial

HU Jianxing' LIU Xinghua’® WANG Yongbin’> ZHANG Zhao® JIA Jiao™"

(1 Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China )
( 2 Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China )
(3 School of Flight, Beihang University, Beijing 100191, China )

Abstract Spacecraft landing impact protection is the key technology to ensure the safe landing of
spacecraft. Aiming at the demand of buffer device in legged lander of spacecraft, a new energy absorption
structure is proposed in this paper. The new energy-absorbing structure is filling with a
compression-torsion double-helix metamaterial inside a cylindrical shell. Based on ABAQUS platform, a
finite element model is established to investigate the dynamic mechanical behavior of the new

energy-absorbing structure impacting onto a solid wall, and then parametric studies are performed. These
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results indicate that due to the coupling effect, the energy absorption of the new energy-absorbing structure
will gradually be greater than the linear superposition of the energy absorption of the compression-torsion
double-helix metamaterial and the cylindrical shell. And the wall thickness of cylindrical shell and the
number of compression-torsion double helix metamaterial links are the key parameters affecting its
dynamic mechanical characteristics and energy absorption. These results can provide technical reference
for the application of the cylindrical shell buffer device filled with compression-torsion metamaterial in the
impact protection of spacecraft soft landing.

Keywords  compression-torsion double helix metamaterial; dynamic behavior; specific energy

absorption; impact protection; spacecraft soft landing
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Tab.1 Geometric dimensions of compression-torsion double helix metamaterial
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Fig.3 Results of cylindrical shell filled with compression-torsion double helix metamaterial impacted onto a solid wall
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Fig.4 The influence of impact energy on mechanical properties of cylindrical shell filled with compression-torsion double
helical metamaterials impacted onto a solid wall
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Fig.5 The influence of cylindrical shell thickness on mechanical properties of cylindrical shell filled with compression-torsion
double helical metamaterials impacted onto a solid wall
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Tab.2 Effect of cylindrical shell wall thickness on mechanical properties of cylindrical shell filled with compression-torsion
double helical metamaterials impacted onto a solid wall

BEJE/mm PR IGE(E T1/N 5N IR EAE A /mm
0.4 6 300 2002 88.4
0.6 8823 4462 77.8
0.8 11 100 5690 63.7
1.0 12723 7190 52.0
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Fig.6 Compression-torsion double helical metamaterials with links
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Tab.3 Effect of links on mechanical properties of cylindrical shell filled with compression-torsion double helix metamaterial
impacted onto a solid wall

T WIHRIEE J1/N FEJIN I KA % /mm
R 452 7566 2810 94.5
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1 ERF 8778 3 489 86.1
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7T AN ER 8 823 4462 77.8
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Fig.7 Comparison of dynamic behavior of cylindrical shells filled with solid or hollow compression-torsion double helix
metamaterials with different number of links
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