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Fig. 1 Equivalent model of joint-beam-joint considering clearance
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Fig. 2 Equivalent model of joint with clearance in radial direction
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Fig. 3 Astromesh deployable antenna and typical structural unit
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Fig. 4 Joints with clearance in structure
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Fig. 5 Equivalent model of plane frame elements
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Table 1  Connectivity of plane frame element

Number Node i Node j theta
1 1 2 90
2 1 4 0
3 1 3 45
4 2 3 0
5 3 4 90
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Fig. 6 Finite element model of astromesh antenna element
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Table 2 Dimension and parameters of truss bay

Unit; mm Transverse Vertical Diagonal
Length 562.02 786.82 997.56
Inner diameter 24 24 25
Outer diameter 26 26 27
Thickness 1 1 1
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Table 3 Material parameter of truss bay

Designation Parameter Unit
Young modulus 4.5x10* MPa
Poisson’s ratio 0.3 —

Density 1.8x10° kg/m?
Shear modulus 3.75x10° MPa
Bulk modulus 1.73x10° MPa
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Fig. 7 Finite element mesh for main parts of truss bay

T B A — 0 AT W0 1 520, 5
W5 BCSCRE i = Ak 00, HoAb A7 B 20 B ik
A BRI E B A R =AU Y

=5 4 3
AT 6 B [l A A5
180
—Numerical solution in free condition
160

——Numerical solution in hinged condition
140

——Numerical solution in fixed condition

[
N
o

8

Frequency (Hz)
3 3
N
\\
TN

\

o

1'2’3]4Y5l6Y7‘8I9Y10l11]12‘
Order
&8 LS R AEAN RIS S T I 1A 4%

Fig. 8 Natural frequency of elements at different boundary conditions
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EQUIVALENT MODELING AND ANALYSIS OF
TRUSS ANTENNA UNIT CELL WITH CLEARANCE JOINTS"

Zhang Wei Liu Hongli" Guo Xiangying
( Beijing Key Laboratory of Nonlinear Vibrations and Strength of Mechanical Structures, College of Mechanical Engineering,
Beijing University of Technology, Beijing 100124, China)

Abstract This paper studies the equivalent modeling method of truss cell elements with clearance joints. The
equivalent stiffness and damping problem of unit cell truss are mainly considered. Firstly, a comprehensive hinge
gap model is constructed by considering on the gap hinge. An equivalent method is then put forward to simplify
the truss unit cell to a plate-like structure. As structural element is assumed as a steel beam, the displacement
method is used to get the equivalent stiffness matrix of plane truss unit cell in different boundary condition. The
overall natural frequency and plate equivalent stiffness matrix after equivalence are then obtained. Finally, finite
element analysis (FEM) by a software of ANSYS is proposed for structural modal analysis of the structure with
clearance joint. The results show that when the stiffness of the truss structure unit cell is reduced, the flexibility is

increased.

Key words warren truss, equivalent modelling, displacement method, clearance joints, finite element

analysis
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