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Table 1  The properties of the 2 materials

property rubber low-carbon steel
Young’ s modulus E /(N/m?) 7.84x10° 2.1x10"
density p / (kg/m?) 32.5 195
Poisson” s ratio v 0.4 0.3
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Fig. 11 The CPU times of three methods for example 2
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Table 2 The maximal usage of memory of the 3 methods
number of cells number of DOFs proposed method direct method PCG method
5000 1 930 000 0.2 GB 2.8 GB 1.6 GB
10 000 3 860 000 0.4 GB 5.6 GB 3.2GB

20 000 7 720 000 0.8 GB 11.1 GB 6.4 GB




180

FET ) )3 ZR BRIV BEE ) — 4 o S0 205 K I 285 e 7 ) v 28R

7 4k

%

SETBRERBOR ISR S TR R RIS 48 1 — TR A — 2k SR 31 45 A4 1B 25 3 )
1o BRI SR IS A T SR SR B SR A /N 45 H X o 2 P8 D7 e 8 RS SR il i o
WSS S5 A 3l 7 ZR GeRUE R S5 B Xof 07 2 T R ) AR o — 4 JT SO 235 4 28l g oo o7 1) S e 2 e
R — Z BN NS G5 KA e 3BT, [5) BR/ INRBLASE 235 g 1) Wi 17 e B 45 R 0 B T S 454 114
Wi S5 37 B i T B S At A ot RO AR e 7 e vl B T A B i RO R A S HA DU IR
1) FUFHSSH A JE SRR , 308 1 36— B SR A I/ N8 2 K X oz P 2 P R P LA
2) I SIS B 1 R GER AN DT R T A, AT RS — 2 o S0 25 4 1) 2l g o i
A3 5 SR A 22 A /IS 25 R B4 30 0 W AT B IRE RO/ 1 A 2548 B R sl A 1 IR

SR A5 A R N7 P O R T R A LT R I 0 25 A58 I R Ao B 1 0 25 58 O

PEFT o fifp R MO A AR AR B B4 TS R P RO BN A it — 4R TR 45
By 3R B RO,
3) FETHEBIS KRG ER R A5 AR 0 13 LM 7 R 1) R BOE R AL 73 B s o 1l oK i
AT A B T RRCR.
4) BUEF BIBEIIA SO 5 B A B R TR SCR.

2% 3k (References)

(1]

[2]

(5]

[6]

TEBME, SRABHY, BRBTEE, 55, 757 AR BRI A T BB D Rk [ C ) //h R 2 k. i,
Beph, P4, 2013.( WANG Yuesheng, ZHANG Chuanzeng, CHEN Ali, et al. The recitation of
numerical methods of the phononic crystal band structure [ C ]//Proceedings of the Chinese
Congress of Theoretical and Applied Mechanics. Xi’ an, Shaanxi, China, 2013.(in Chinese) )
TR, AR, TN, A5 RIIA A0 B R MRS b AR A B [ T ] AU T AR 24, 2005,
41(4) : 1-6.(WEN Jihong, YU Dianlong, WANG Gang, et al. Elastic wave band gaps in flexur-
al vibrations of straight beams [ J ]. Chinese Journal of Mechanical Engineering, 2005, 41
(4) . 1-6.(in Chinese) )

e, LUK, ST Z H A G A —4E S TR A A B [ T, RO w4 ( A AR
fR), 2007, 30(6): 6-9.(ZHENG Ling, LI Yinong. Elastic band gaps in two-dimensional pho-
nonic crystals based on multiple scattering theory[ J|. Journal of Chongqing University ( Nat-
wral Science Edition) , 2007, 30(6) : 6-9.(in Chinese) )

WRiE 55, W10, kTR R TR AR RS Y SR s L B R R SRR SR [ J ] B E R
22014, 35(1) : 29-38.( CHEN Qiyong, HU Shaowei, ZHANG Ziming. Research on the vibra-
tion property of the beam on elastic foundation based on the PCs theory[ J|. Applied Mathe-
matics and Mechanics, 2014, 35(1) . 29-38.(in Chinese) )

AXMANN W, KUCHMENT P. An efficient finite element method for computing spectra of pho-
tonic and acoustic band-gap materials—I: scalar case[ J |. Journal of Computational Physics,
1999, 150(2) . 468-481.

kBl , XIS, ERI, 58 —ZEAPIRESH A T IR S BRIF e [ J]. #ik3h 5 vhid, 2006,
25(1): 104-106, 169-170.( YU Dianlong, LIU Yaozong, WANG Gang, et al. Research on tor-
sional vibration band gaps of one dimensional phononic crystals composed of rod structures
[J]. Journal of Vibration and Shock, 2006, 25(1) : 104-106, 169-170.(in Chinese) )

CAO Y J, HOU Z L, LIU Y Y. Finite difference time domain method for band-structure calcu-



¥

U = v R 181

(8]

[10]

[11]

[12]

[13]

[14]

[19]

[20]

lations of two-dimensional phononic crystals [ J |. Solid State Commumnications, 2004, 132
(8): 539-543.

PR, XTI, ARG, SRR B S 2 R e e bR b AR SR R R RIS [ T ] IR
FJi2#, 2015, 36(8) : 814-820.( YUN Hao, DENG Zichen, ZHU Zhiwei. Bandgap properties of
periodic 4-point star-shaped honeycomb materials with negative Poisson’s ratios| J|. Applied
Mathematics and Mechanics, 2015, 36(8) ;. 814-820.(in Chinese) )

XNAET, SKITE. PUBLSMTERS S BV EHTT BRI AT [ T ). TREJ1%%, 2004, 21(5) : 100-
102, 93.(LIU Weining, ZHANG Yunging. A periodic analytical solution of railway track struc-
ture under moving loads [ J |. Engineering Mechanics, 2004, 21(5) . 100-102, 93. (in Chi-
nese) )

SedEy, e RN AR Sl 1 R AT [ J]. BRI ( AR , 2005, 26(1)
46-49.( CHAI Weisi, LIU Feng. Exact solutions of vibration analysis for stiffened plates[J].
Journal of Jinan University (Natural Science) , 2005, 26(1) : 46-49.(in Chinese) )

HANS S, BOUTIN C, CHESNAIS C. A typical dynamic behavior of periodic frame structures
with local resonance| J]. Journal of the Acoustical Society of America, 2014, 136(4) . 2077.
RYCHLEWSKA J, SZYMCZYK J, WOZNIAK C. On the modelling of dynamic behavior of peri-
odic lattice structures| J]. Acta Mechawica, 2004, 170(1/2) : 57-67.

MENCIK J M, DUHAMEL D. A wave-based model reduction technique for the description of
the dynamic behavior of periodic structures involving arbitrary-shaped substructures and
large-sized finite element models[ J]. Finite Elements in Analysis and Design, 2015, 101 1-
14.

O, WM, B, SR JRMES A B R Y O ik [ I ], 1SR, 2011, 43(6) .
1181-1185.( GAO Qiang, YAO Weian, WU Feng, et al. An efficient algorithm for dynamic re-
sponses of periodic structures| J|. Chinese of Journal of Theoretical and Applied Mechanics
2011, 43(6) ; 1181-1185.(in Chinese) )

GAO Q, ZHANG H W, ZHONG W X, et al. An accurate and efficient method for dynamic a-
nalysis of two-dimensional periodic structures[ J]. International Journal of Applied Mechan-
ics, 2016, 8(2) . 1650013.

NEWMARK N M. A method of computation for structural dynamics| J |. Journal of the Engi-
neering Mechanics, 1959, 85(3) . 67-94.

BURRAGE K, BUTCHER J C. Stability-criteria for implicit Runge-Kutta methods[ J]. SIAM
Journal on Numerical Analysis, 1979, 16(1) ; 46-57.

PARK K C, UNDERWOOD P G. A variable-step central difference method for structureal dy-
namics analysis—part 1. theoretical aspects[J]|. Computer Methods in Applied Mechanics
and Engineering, 1980, 22(2) . 241-258.

[T R IR & RS ECw [ M. dest: &5 20F i, 2002. ( Department of Applied
Mathematics of Tongji University. Advanced Mathematics [ M ]. Beijing: Higher Education
Press, 2002.(in Chinese) )

ZHONG W X, QIU C H. Analysis of symmetric or partially symmetric structures| J |. Computer
Methods in Applied Mechanics and Engineering, 1983, 38(1) . 1-18.



182 BT 3 1 R GRS (4 — 4 SR DI 45 I 285 e o7 174 v 2GR0

An Efficient Algorithm Based on Dynamic System
Properties and Group Theory for Transient
Responses of 1D Periodic Structures

LIANG Xigiang, GAO Qiang, YAO Weian
( Department of Engineering Mechanics, Dalian University of Technology;
State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) , Dalian, Liaoning 116024, P.R.China,)

Abstract: Based on the condensation technology, the dynamic periodic structure properties
and the group theory, an efficient numerical method for computing the transient responses of
1D periodic structures was proposed. Efficiently solving linear equations is an issue for compu-
ting the dynamic responses. Based on the periodic properties of the structure and with the con-
densation technology, the scale of the linear equation corresponding to the structure was re-
duced. By means of the properties of linear equations for dynamic periodic systems, it was
proved that the force on any chosen unit cell can only influence a finite number of adjacent unit
cells within a time step. Then, the dynamic response computation of 1D periodic structures was
converted into the computation of a series of small-scale substructures. Subsequently, the dy-
namic response computation of the substructures can be converted into the computation of the
cyclic-periodic structures. Then, the cyclic-periodic structures were solved efficiently in light of
the group theory. Numerical examples illustrate the high efficiency and memory saving of the

proposed method.

Key words: periodic structure; group theory; Newmark-beta method; dynamic response
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