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(a) 3 x 4 multi-stable structural model
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Fig. 1 Global model of multi-stable structure and bistable

single cell model
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(b) Load-displacement curve of 3x4 multi-stable structure
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Fig. 2 Load-displacement curves of cosine beam cells and

3 X4 multi-stable structures



F2H XN BHE, % REE SRS REMBIR K 2 5 it 161

B 53— FRAS 5 = B B #0885 AL TR S AR E AE
SRR . LA A0 RE i AR A AR I i AR
L5 B 45 K A8 1 2 A T R T A A L S5
R BIRIA RS (I B AR 3 RS 4 4b L B4
AL M2 Y A0 C Ab)  PATATRE RE B 7R 25 44 vh ik
B REBCHT b T RO ROCR . BRI 354 RS AR K
REE R I A7 281 A% M 2 5C 28 (I 2(b)) n] LA H
JE S A 2 A A 2B o el A B AN 3 50 A Bl
BB B A7 AE 45 R 22 8] 8 2 e AR il 8 L
2R AR BLGE . LA 28 0 (A B Cor 308
AR /IMED S A 1] HE A1 2 50000 A7 B (4 A7) o A R 0

BRI Sy i oy BP B A B A B (3 A . S AR TE )
HE AR RE IR R R E IR ] T 2 R AR S5 09 B>
P 7R 32 618 A8 A I R A B L W A —
FE T 22 R 28 S5 A Al A7 10 B 1 5 RS BURS 2S i
it FE R M AE G .
1. WG A
L u
it
7
2. IR
SEBrB
3. AR LA
=B
e iz
4. R s

B3 PR AR I i R

Fig. 3 Loading and unloading deformation process of a unit cell
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Fig. 4 Variable cross-section beams of different shapes

obtained through multi-parameter control
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Tab. 1

Initial design variables and optimized

design variables

R R SRR 8 /mm

) a {0.0,0.0,0.0,0.0,0.0}

i b {1.0,0.0,0.0,0.0,0.0}

V a {0.0,0.004,—0.296,—0.196,0. 286}
PR e i b {0.503,0.374,0. 944,0. 047,0. 344}
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Fig. 5 Four basic configurations of variable cross-section
which are optimized

x i=4,2,~0.286

PEl 6 7 T i A

Fig. 6 Variable cross-section unit cell configuration
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Fig. 7 Comparison of load displacement curves of uniform and

variable cross-section unit cell structures
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Fig. 8 Comparison of load displacement curves of uniform and

variable cross-section 3 X4 multi-stable structures
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Impact energy absorption analysis and design optimization of

variable cross-section beam multi-stable structures

LIU Jiao-jiao', FU Li-li*, GAO Chao?, ZHANG Xiao-peng*', LUO Yang-jun®
(1. State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology,Dalian 116024 ,China;
2. Xi’an Aerospace Power Research Institute,Xi’an 710199, China;
3. School of Science, Harbin Institute of Technology.Shenzhen 518055, China)

Abstract; This paper studies the impact absorption effects and design optimization of variable cross-
section multi-stable beam-based structures. The loading/unloading simulation of the large deformed
multi-stable structure is performed with the finite element analysis to analyze the principle of vibration
reduction and energy absorption of multi-stable structures. The influences of the periodic arrangement in
series and parallel on the overall energy absorption characteristics of the structure are also studied. The
multi-parameters-based shape characterization method of the beams with variable cross-sections is
proposed. According to the characteristics of the energy storage of the multi-stable structure, the
optimization model for the variable cross-section multi-stable beam structure is established. The optimal
variable cross-section beam shape with the total mass constant is obtained by solving the optimization
problem. Furthermore,the effectiveness of the optimization is verified by the finite element analysis of
the optimization results,and the dynamic response analysis of the structure under the transient impact

load proves the impact protection effect of the multi-stable structure.

Key words: structural optimization; multi-stable beam structure; vibration reduction and energy

absorption;beam with variable cross section
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