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Fig.1 Schematic diagram of space frame structure
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Fig. 2 Example of space frame structure
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Tab.1 Comparison of the natural frequencies
(Hz) computed by FEM and SEM
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Fig. 4 Y direction displacement harmonic response
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Fig. 7 Displacement transient response (0~3 s)

L 6 NE S FAR B K, datal ~data3 435
R I A8 A HLIT KA BRIT I 576 S HLIT L 288
AT S AE BT T RAE AR

A B TC 1 57 B 1 e o B 5 S T H ARG T i
G R Tve e SRR LT VA 1 5 AT TR s T S )
HER 76 b s A B 1R 22 B /0N . A [R) 40038 43 B 0 LA
IR, % ek B 4 min 12 s, ANSYS £ FRJT
(288 ANHATT) M 1 h 25 min, i ok 45,

7 FE 8 SRy AR Ik i g AR R S 209 57 BRI
Saf ) 7 R L AE B AE R 57 A% I (B 5 ek, o] D
TCYETEA BT 17 7 [R) B s B A 3 45 4 1Y)
i 35 M 7

4 & it

AR SCHRUR A 2 1 FF Ll B A S Al 2% A 45 ] 1
ZRBA Bl Sy 2 W RE B O 05T 1 KR 0 [ A 00 Ll
W 57 1 5 285 W) 7 25 31 ) 2 R A B LU 2598 .

(1) I Al A 8% o0 M 2 18] W 3L 45 44 14 35 )
PR UG B L A DR S ) AL R S 2
R 2l

(2) HBA RICTT I i ook s oo Ml A
JFERR D B 2% (R AT LA TRT AL - T 550K o B2 g o o
7o o AT ARG 3 4 TS AR

2 & 3CHK (References)

[1] Doyle ] F. Wave Propagation in Structures. M]. New
York: Springer-Verlag,1989.

[2] Lee U. Spectral Element Method in Structural Dy-
namics [ M]. Singapore: John Wiley &. Sons (Asia)
Pte Ltd.2009.

[3] Banerjee ] R. Dynamic stiffness formulation for struc-
tural elements:a general approach [J]. Computers &

Structures,1997,63(1) :101-103.

£ifs/m

[4]

[5]

[6]

L7]

L8]

[9]

[10]

[11]

[12]

[13]

0.00 0.02 0.04 0.06 0.08 0.10
18] /s

B8 A9 ML B BRAS IR (0~0. 1 s)

Fig. 8 Displacement transient response (0~0.1 s)

Eisenberger M, Abramovich H, Shulepov O. Dynamic
stiffness analysis of laminated beams using a first
order shear deformation theory [J]. Composite Struc

tures,1995,31(4) :265-271.

Lee U, Kim J. Spectral element modeling for the
beams treated with active constraining layer damping
[T]. International Journal of Solids and Structures,
2001,38(32) :5679-5702.

Charkraborty A,Gopalakrishnan S. A spectrally for-
mulated finite ele-ment for wave propagation analysis
in functionally graded beams [J]. International Jour-
nal of Solids and Structures, 2003, 40 (10) : 2421-
2448.

Banerjee J, Williams F W. Exact Bernoulli-Euler dy-
namic stiffness matrix for a range of tapered beams
[J]. International Jowrnal for Numerical Methods
in Engineering,2005,21(12) :2289-2302.

Hong M,Park I,Lee U. Dynamics and waves charac-
teristics of the FGM axial bars by using spectral ele-
ment method [ J]. Composite Structures, 2014, 107 ;
585-593.

Wang G, Unal A. Free vibration of stepped thickness
rectangular plates using spectral finite element me-
thod[J]. Jouwrnal of Sound and Vibration,2013,332
(18):4324-4338.

WuZ]J,Li F M,Wang Y Z. Vibration band gap be-
haviors of sandwich panels with corrugated cores[J].

Computers & Structures,2013,129:30-39.

Li J,Hua H. Spectral finite element analysis of elas-
tically connected double-beam systems [ ]J]. Finite
Elements in Analysis and Designs 2007, 43 (15) ;
1155-1168.

Lee U. Equivalent continuum representation of lattice
beams: spectral element approach [ J]. Engineering
Structures,1998,20(7) :587-592.

FRY R & 2RI SRR &M A F A



806

T A

Ay,
%

22,
%

i %33%

[14]

[]]. FH ¥ 3. 2012,33(5):556-561. (LI Feng-
ming, WU Zhi-jing, LIU Rong-qiang. Study on the
dynamics problems of truss structure with joints[ ] ].
Journal of Astronautics, 2012,33 (5):556-561. (in
Chinese))

REEARF BAR, F ATHELALZNEMN
A AT e P AR R FFRCE RAFE R,
2010,38(7):62-65. (ZHANG Jun-bing, ZHU Hong-
ping, GE Dong-dong,et al. Dynamic analysis of struc-

tures by using spectral element method [J]. Journal

of Huazhong University of Science and Technology
(Natural Science Edition),2010,38(7):62-65. (in
Chinese) )

[15] RBE . AXF.ZHE BHTEMERTHED SR

Ry ik k)] A TR L B 2R, 2011,28
(3):206-211. (ZHANG Jun-bing, ZHU Hong-ping,
WANG
bridges subjected to moving loads [ J]. Journal of

Dan-sheng. Spectral element method for

Civil Engineering and Management, 2011, 28 (3) .
206-211. (in Chinese))

Dynamics characteristic analysis of space frame structure

based on spectral element method

E Lin-zhong-yang " ,

DU Qiang,

LI Shang-ming

(Institute of Systems Engineering, CAEP, Mianyang 621900, China)

Abstract; Treating space frame structure as research object,spectral element method (SEM) was applied

to analyze dynamics characteristics. We could derive dynamic stiffness matrices of bar, shift and

Timoshenko-beam. And then, dynamic stiffness matrix of space frame structure and theory formula of

frequency domain response were established. The application field of SEM was expanded. Based on

programming and computing,natural frequencies of space frame and harmonic response of any point were

calculated and compared with the result of FEM. Transient responses were further calculated with load.

In the frame structure dynamics analysis,research shows SEM is more accurate and effective than FEM,

and is better suited to solve the problem of high-frequency vibrations.

Key words: spectral element method;space frame structure;natural frequencies;harmonic response;

transient response



