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EQUIVALENT CIRCULAR RING MODEL FOR THE RADIAL VIBRATION ANALYSIS
OF HOOP TRUSS STRUCTURESY
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Nanjing210016 Ching)

Abstract In large deployable mesh antenna, the dynamic property of hoop truss is vital to the working performance
of the whole antenna. For large space truss structures, the model simplification of these structures with simple elasti
continuum model is always the focus of dynamics research. By regarding the hoop truss as a hoop periodic structure
composed of repetitive planar truss elements, and based on the equivalent beam model of the repeated truss eleme
an equivalent circular ring model for the radial vibration analysis of the hoop truss structure is presented. By variable
substitution, the fourth-order partialftérential equations (PDESs) for the radial vibration of the circular ring are reduced

to first-order PDESs, then the reduced PDEs are transform to ordin@eyetitial equations via Laplace transform, Green’s
function method is utilized to solve the dynamic response of the circular ring in complex frequency domain. Furthermore
the characteristic equations for natural vibration and the expression of transfer function of the equivalent ring model were
derived. At last, a numerical example is used to compare the natural frequencies, mode shapes and transfer functior
of the finite element model and the equivalent ring model of the hoop truss. The results verifies the feasibility of using
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equivalent circular ring model for radial vibration analysis of hoop truss structure.
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Table 1 Comparisons of natural frequencies of the hoop truss

and the equivalent ring model

Mode Hoop trusg Equivalentring Error/
Hz Hz %

1 0.656 0.653 -0.46
2 1.846 1.839 -0.38
3 3.914 3.903 -0.28
4 6.651 6.636 -0.23
5 10.029 10.020 -0.09
6 13.978 13.990 0.09
7 18.527 18.570 0.23
8 23.563 23.720 0.67
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Table 2 MAC values between the mode shapes of the hoop truss

and the equivalent ring model

Radial Tangential
Mode ) .
displacement displacement

1 1.0000 1.0000
2 0.9992 0.9999
3 0.9997 0.9999
4 0.9998 1.0000
5 0.9996 0.9999
6 0.9992 0.9998
7 09411 0.9622
8 0.9981 0.9989
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