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Study on Mechanical Performance of Composite Curved Beam

ZHU Dongmei’, MA Tao, LIU Haiping, YANG Yang
(School of Mechanical Engineering,University of Science & Technology Beijing , Beijing 100083, China)

Abstract: In this paper, a composite curved beam structure used in high stiffness components of space launch
platform is designed,and its mechanical properties are studied experimentally and numerically. Firstly, the static
loading test of the curved beam is carried out by a computer controlled electronic testing machine. The load —dis—
placement characteristic curves of the curved beam are obtained, and the equivalent elastic modulus is calculated.
Based on ABAQUS finite element software, the finite element model of curved beam is established, and the numeri—
cal computations under different displacement loads are carried out. The experimental data are used to verify the nu—
merical results. The calculated results are in good agreement with the measured results, and the errors are less than
10%. Then, the finite element model is used to calculate the longitudinal and transverse displacements of curved
beams under different loads. It is concluded that the longitudinal displacement of curved beam is small, the trans—
verse displacement is large, and the ratio of transverse displacement to longitudinal displacement is greater than 10.
The effects of thickness of curved beam, width of clearance, and length of central straight beam on the mechanical
properties of curved beam are studied, and the rules of the influence of different geometric parameters on the equiva—
lent elastic modulus are obtained. This study provides a reference for the application of curved beams in the vibration
isolation devices.
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Fig.1 Diagram of curved beam structure
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Fig.2 Position of the curved beam strain gauge
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Tab.2 Geometry of curved beam section

pny Lol J&/mm Pi/mm e A /mm?
A T 6.25 50 312.5
A 1 3.125 50 156.25
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Tab.3 Strain of the measured points

under different forces MLE
BAT/N
RS
300 600 900 1200
1 -140.53 -281.32 -418.03 -546.42
2 90.94 176.83 256.34 330.52
3 -149.36 -292.09 -429.70 -559.73
4 85.24 165.98 241.15 310.75
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Fig.6 Finite element model of curved beam
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Fig.7 Stress nephogram under different loads
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Fig.8 Comparison curves of load—displacement

test and simulation under different loads
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Tab.4 Simulation strain data of curved beam

WE
/N
WA,
300 600 900 1200
1 -132.50 -260.01 -387.51 -520.06
2 89.35 179.67 257.46 333.41
3 -132.81 -262.62 -390.43 -522.24
4 85.35 167.12 244.17 314.17
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Fig.9 Schematic diagram of horizontal and vertical planes
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Tab.5 Longitudinal and transverse displacement

of curved beam under different loads

HA/N B mm A /mm IS
300 0.79 0.07 11.29
600 1.52 0.14 10.86
900 2.22 0.21 10.57
1200 2.83 0.28 10.10
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Fig.10 Schematic diagram of curved beam thickness
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Tab.6 Displacement of curved beams with

different thicknesses mm
L BA/N

/mm 300 600 900 1 200
6.75 0.060 0.125 0.207 0.283
6.5 0.065 0.136 0.211 0.283
6.25 0.071 0.14 0.213 0.284

6 0.077 0.149 0.217 0.285
5.75 0.084 0.156 0.221 0.286
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Fig.11 Elastic modulus curves of different thickness sections
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Fig.12 Sketch of curved beam gap width
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Tab.7 Displacement of curved beams with

different clearance widths mm
(] B 5 HAar/N
/mm 300 600 900 1 200
17.75 0.10 0.174 0.227 0.293
16.75 0.09 0.158 0.221 0.286
15.75 0.07 0.140 0.213 0.284
14.75 0.06 0.133 0.192 0.283
13.75 0.05 0.119 0.185 0.280
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Fig.13 Elastic modulus curves of different clearance widths
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Fig.14 Schematic diagram of central straight beam
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Tab.8 Displacement of curved beams different length

of the middle straight beam mm
BRI Hdif/N
/mm 300 600 900 1 200
70 0.76 0.151 0.220 0.291
60 0.73 0.146 0.218 0.287
50 0.071 0.140 0.213 0.284
40 0.069 0.138 0.206 0.279
30 0.066 0.135 0.199 0.273
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Fig.15 Elastic modulus under different lengths

of the middle straight beam
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