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Modeling and optimization design of post-buckling tensegrity
metamaterial
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(College of Aerospace Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: Achieving a balance between low-frequency bandgaps and high load capacity is a critical challenge in
metamaterial design. Leveraging the post-buckling behavior of bars, this study proposes a novel tensegrity
metamaterial where post-buckling induces a reduction in structural stiffness, thereby enabling low-frequency
vibration isolation while enhancing load-bearing capacity. The elliptic integral method is employed to rapidly
compute post-buckling deformations and determine the stiffness of the tensegrity unit. Bandgap frequencies are
calculated using Bloch’s theorem under periodic boundary conditions, combined with a spring-mass diatomic
chain model. To optimize both band gap and load capacity, a data-driven, dual-objective optimization method is
employed, yielding the Pareto frontier for the metamaterial’s ultimate load and lower bandgap limit. The results
demonstrate that the optimized structure can achieve bandgap frequency as low as 3 Hz, with a load capacity
exceeding 100 N. Compared to existing low-frequency vibration isolation metamaterials, the ultimate load
capacity is increased by over 3.6 times at the same bandgap frequency.
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Fig. 1 Schematic diagram of the tensegrity
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Table 1 Tensegrity material and geometric parameters
I'/cm [{/cm R, /cm R /cm E,/GPa E/GPa

5.00 7.00 0.35 0.05 0.40 1.80
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Fig.2 Schematic diagram of post-buckling deformation of a bar

8 2o A 15 AR 233, T LR R P D 78 O 5 T A SR B 2 — 2 S A i 18 AR, D

2 (3 d
m:—JZ i

2
. =—K(p), (4)

o J1-psini(g) K



4 TR K F F IR %48 %

XAk =F/EI,p=sin(a/2),sin (2)=psin(p)o HX(DOAH, KR SpFHxR, WS Ma, Ha
AL B, BORT ARAG k> AR, DT 75 1) 0 B 8 0l ) 2 A RN Fy o
A5 BT e KRBT
2 (2 2
5:7”Lsin(¢)d¢:7”o (5)
e Ja AT LAAS 2UAF 20 S Sl 288 ALh
2 (2 —
AleZIb”—ZJO [4-k*6"sin’ (@) de, (6)

A2 Mo o BRI ol 06D AT RISR AT JE 5 i 2067 5 6282 19 5C 2, s 3 s

70
56—

a0

FN

281

14

AL .

0 0.3 0.6 0.9 1.2 1.5
Al/ecm

B3 FHHET-ImmE

Fig.3 Load-displacement curve of the bar
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Fig. 4 Load-displacement curve and stress cloud diagram

1.2 JRE iR B

A SCHT BT B 5K A B R R BTN S BT 7R o Mg RME vp Sy — > JRLS0 B0 by 24 A ] R A8 7K 1 B9 5 47
VRN S M=0.2 kg (4 W PE [ #5200 o 5437 88 1A iy o Ak B 36 OO, DO B8 482 3t o i, O FL IR B L R AN 2
H R B AL o 2 AR D T AT S AR RO AR TRT AR D 18] 5 T 7 Y 5 — O i U T B A A

Bs5 KEBFEMHENRFHEERTEER

Fig. 5 Schematic diagram of tensegrity metamaterial and diatomic chain model
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Fig. 6 Load-displacement curve of unit cell and bandgap of metamaterial
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Fig.7 Schematic diagram of ultimate load
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Fig. 8 Flowchart of multi-objective optimization
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2 HE TR o

1 9Ca) bR v T A AT A 5 e it ok S 5 1A 8 A4 Rk 9 A FR 288 far R AT BT BR A IE 0, DA S — 26 DLFE A 5 B
& 00 B K 3CRE T A B AR R AT R . Zhou SEEOHE HY A oE R W BB A ORHE B 29 1.5 NOR R EE ) i a] L
SR S Hz MR AR M0 2% . Hu S5C" I3 o i 88 A4 RH7E EL A 24 25 N 3 RE g i AT LSS 35 IS 25 Hz 1 B ik
Wi HARS BN 3 R o X S g5 R n BAE S0 Oy, B 3E P8 Ak T DL AE BT DA AR 05 B 41 88 A
JIT R 52 PRI B IR A1 R 1) (] B 8 A5 B A (R R 2R A 7 o LA Hu 250V T R HE R A R R R AT 6 HE  AE B AT AT TR £
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Table 3 Relevant parameters of this paper and other studies

5T mb A% % /em PPERL i /GPa /N BT PR /Hz
AR TAHE 7.50 AR 1.8 FFF:0.4 100.0 25.0
Zhou 451 5.58 3.15 1.5 5.2
Hu 458" 6.00 1.72 25.0 25.0

4 LERIE

Bt XF AT A AR B R B Y BT TR B T — b B TR T A T AR B K B AR AR %0
Ak 3 o A i R B B A e B — s AR BE I RO LR, AT LAFT T 30 Hz LATT B AR RO AR B
G I X e A A AT 0 2 g B AR R B R 5 SR A 3 T XU B Y BT AR R B S
Jesk oty K 7 R A AR B0l B R P s RS K SRR R Y K R AR R K AR B AR T R B
1 22 H s P4 J5 2 D0 A0 IR T 1 57 B (AR A4 R 9 7 BRAUR 28088 o DL AR i SR AT R g i 7 — L fe flt
SEK9 2B, W] L2 AR B AT R Y 7R OBE D B TR A B AR Bl B
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