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Study on Mechanical Properties of A Periodic Structure Vibration Isolator
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(College of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083 )

Abstract: A small volume and high stiffness periodic metal isolator composed of elastic plates and supporting
columns is designed. Firstly, the static load test is carried out by using microcomputer controlled electronic testing
machine, and the load—displacement characteristic curve is obtained. Based on the finite element method, a finite el—
ement model of periodic structure is established, and the static analysis is carried out under the same working condi—
tions as the test. On this basis, the influence of the main dimension parameters on the stiffness is studied. The results
show that the thickness of elastic sheet has great influence on the stiffness, while the inner diameter and the number of
layers have little influence on the stiffness. Finally, by using the equivalent spring—mass model of the periodic struc—
ture isolator with multiple degrees of freedom, its dynamic equation is established by means of modal superposition
method, and the expression of force transfer rate is deduced. A simulation is carried out based on the finite element
analysis which is verified by experiment. The results show that the theory and simulation match well. When the load
mass exceeds a certain value, the periodic structure can be simplified to single degree of freedom.
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Fig.1 Periodic structure model diagram
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Tab.1 Specific structural parameters of the specimen
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BIE kR BB MR WBR O EE R A
R/mm H/mm Rymm r/mm Hymm Rymm H/mm

1 19 6 19 0 1 4 5

2 19 6 19 10 1 4 5

3 19 6 19 10 0.8 4 5
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Fig.3 Periodic structure test loading process
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Fig.4 Displacement—load curve of periodic structure
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Tab.2 Structural parameters of different inner

diameters of flexible sheets
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Fig.7 Stiffness change curve under different inner

diameter of the flexible sheet
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Tab.3 Structural parameters of different

number of flexible sheets
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Fig.8 Stiffness change curve under variable

number of flexible sheets
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Tab. 4 Structural parameters of different

thickness of flexible sheets
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Fig.10 Schematic diagram of equivalent model

of periodic structure
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between theory and simulation
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Tab. 5 Comparison and error of natural frequency

between theory and simulation

S T R, I I E R 5% 1
R — Wi,
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iR Hz . Tab.7 Natural frequencies of different bearing masses
1 RE/%
Hig & with single degree of freedom
Cia 879.2 913.8 338 FHT R mikg  EABRM, % A P TR %
Sy 38448 3704.4 3.8 ol 1986 10
=k 6 790.6 6 626.4 2.5
0.5 325.8 0.8
SR 8 797.4 8 820.3 0
1 230.4 0.4
N A LA [ 5 103.0 0.1
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Fig.13 Comparison curves of force transfer characteristic

under different bearing masses
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Tab.6 Natural frequencies under different load masses

with multiple degrees of freedom
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Fig.14 The frequency sweeping process

of elastic plate periodic structure
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