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Fig.1 The FEM model of the large

deployable truss antenna
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Table 1  Dimension parameter of antenna

Designation Length(mm)  Diameter(mm) Thickness( mm)
Cross — bar 520.5 20 1.5
Montant 703.2 20 1.5
Rough inclined rod  610.6 20 1.5
Slender barl 275 18 1.5
Slender bar2 485 18 1.5
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Table 2 Material parameter of antenna

Designation Parameter Unit
Density 1.8 x10° kg/m®
Young modulus 4.5 x10* MPa
Poisson’s ratio 0.3
Shear modulus 3.75 x10° MPa
Bulk modulus 1.73 x10° MPa
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Fig.2 The boundary conditions of the large
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Table 3 Mesh status of antenna

Designation Number
element 180
Active element 180

Node 528307

Cell 212069
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Fig.3 The meshing of the large deployable truss antenna
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Fig.4  The first mode shape of the large deployable truss antenna
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Fig.5 The second mode shape of the large deployable truss antenna
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Fig. 6 The third mode shape of the large deployable truss antenna
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Fig.7 The fourth mode shape of the large deployable truss antenna
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Table 4  First four order frequency of antenna

Order Frequency Unit
1 1.7301 Hz
2 1.8520 Hz
3 1.9855 Hz
4 3.2223 Hz
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Fig.8 The first breathing mode shape of

the large deployable truss antenna

CCEPNE RS S R i
Fig.9 The second breathing mode shape of

the large deployable truss antenna
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Fig. 10  The third breathing mode shape of

the large deployable truss antenna
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Fig. 11  The fourth breathing mode shape of

the large deployable truss antenna
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Fig. 12 The fifth breathing mode shape of

the large deployable truss antenna
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Fig. 13 The sixth breathing mode shape of

the large deployable truss antenna
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Table 5 The first six order frequency of antenna

2.4

Order Frequency Unit
1 1.8668 Hz
2 1.9712 Hz
3 3.5555 Hz
4 4.9482 Hz
5 7.7593 Hz
6 8.5711 Hz
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Table 6 Material parameters of antenna steel

Designation Parameter Unit
Density 7.85 x10° kg/m?
Young modulus 2. 0x10° MPa
Poisson’s ratio 0.3
Shear modulus 1.67 x10° MPa
Bulk modulus 0.76 x10° MPa
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Table 7 The first four order frequency of

the antenna with different material

Vibration Carbon fiber material with Engineerin

order different elastic modulus gsteel Unit
E =45000 E=50000 E =55000 Mpa

1 1.7301 1.8207 1.9016 1.3204 Hz

2 1.8520 1.9296 2.0258 1.4067 Hz
3 1.9855 2.0818 2.1744 1.5098 Hz
4 3.2223 3.3799 3.5302 2.4513 Hz
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Fig. 14  The loading point and observation point of

the large deployable truss antenna
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Fig. 15 The stress — frequency curve of the observation point

in the frequency range of 0 —4Hz
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Fig. 16  The stress contour of the antenna at the frequency of 1.7Hz
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Fig. 18
at the frequency of 1.7Hz
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The principle and numerical method of finite element meth-

DYNAMICS ANALYSIS OF LARGE DEPLOYABLE MESH
ANTENNA STRUCTURE*

Fan Zhen Guo Xiangying' Zhang Wei
( Betjing Key Laboratory of Nonlinear Vibrations and Strength of Mechanical Structures,College of Mechanical Engineering,
Beijing University of Technology, Beijing 100124, China)

Abstract This paper focuses on the fundamental vibration mode of the large deployable antenna structure.
Here, the boundary conditions are considered as fixed Support according to the actual contact surface between the
extended arm and truss. The grid mesh for the large deployable antenna structure is combined by both tetrahedral
element and hexahedral element, where the hexahedral element is employed in the rod parts of the large
deployable antenna structure, while tetrahedral element is in the joint parts of the large deployable antenna
structure. The analysis results of the first four order models show that the four basic vibration forms of the antenna
contain the twist motion, the bending motion, the roll motion and the breathing motion. These four vibration
modes are important for the responses of the large deployable antenna, since they have the similar frequencies. It
also analyzes the influence of material parameters and boundary conditions on the mode shape and frequencies.
The results also provide the important reference to the selection of modal function and the nonlinear dynamic
analysis of resonance parameters for the large deployable antenna. The study of the forced vibration through the

harmonic response analysis is also meaningful to predict the dynamic behaviour and avoid resonance.

Key words large deployable mesh antenna structure,  twisting motion,  modal analysis,  material

parameters, harmonic response analysis
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