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Fig. 1 Beam structure and its microstructure
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Fig. 2 Model of a unit cell for beam structures
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Fig. 3 Unit cell structures and beam section of waved beam
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Tab.1 Deformation results of waved beam
J=0.5 J=2.0
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Dy 56. 56 57.63 0.8194 0. 8459
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D33 11.79 11. 86 0. 1650 0.1667

Diy - 98. 04 — 1. 0490

4.2 RER

BH 2 Parlh )RR )ZE R, WA 4 R,
WK E L=2,&E D=1, Mm% E h =
0.3, f=0.4,b.=0.2,t=0.05, ¥ R % 7] [7] P
MEL KRR E=1,JAHME v=0, Martinez
SRR T % SO R A SR B AT A . AR A
R HH 15 1 8 R SR BT AR, SR T (20~ 20)
TFRRTE T BUE (B 5) F G450 S 300 5 45
RYNAFR 2, B3 2 ] BB 25 R 5 SCHR AT A —
FOAXFIRZENT 120 B0 0E T A SO R R IE A 1

| L |

B 5 e 2GRk ) SOt AR I
Fig.5 Unit cell structures and beam section

of sandwich beam

=)
i m
Y3 n;

SIS Z R J=2 e Z R

7\

J=0.5 0 Je 25 L
6 JeJRRE I

Fig. 6 Deformation of sandwich beam

k2 KREREHEMERM L

Tab. 2 Deformation results of sandwich beam

J=0.5 J=2.0
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Numerical implementation method of quasi periodic beam
based on asymptotic homogenization method

ZHANG Yu-chi', XU Liang', LIU Dian-zi*, QIAN Zheng-hua™'
(1. College of Aerospace Engineering,State Key Laboratory of Mechanics and Control of Mechanical Structures,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. School of Engineering, University of East Anglia, Norwich NR4 7TJ,UK)

Abstract; Compared with a periodic beam structure,a quasi-periodic beam structure has greater design
freedom and better structural performance. Due to its heterogeneity,a quasi periodic beam is generally
homogenized into a homogeneous beam with equivalent properties, but the current methodology rarely
involves the effective properties of quasi-periodic beam structures. In this paper, for the quasi-periodic
beam structure mapped from a periodic beam structure, by introducing the Jacobian matrix, the unit cell
equation and its effective property calculation formula are derived based on the asymptotic
homogenization method. Based on the calculation formula,the finite element solution formula of the unit
cell equation and effective stiffness are established. This method can deal with any micro cell deformed

along the axial direction. The numerical examples verify its correctness and effectiveness.

Key words: NIAH method; quasi periodic beam; effective stiffness; mapping function; finite element

analysis
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