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Prediction of strain energy of fiber reinforced cantilever beam
structure under base excitation based on semi-theoretical method
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(School of Mechanical Engineering and Automation,

Northeastern University, Shenyang 110819, China)

Abstract: Semi-theoretical method was proposed to predict the strain energy of fiber re-
inforced cantilever beam under base excitation. Firstly, strain energy analysis model of fiber
reinforced composite beam structure was established. Then, the principle of semi-theoretical
method to predict strain energy of fiber reinforced cantilever beam was elaborated, and the
corresponding prediction procedures of strain energy were also described. Finally, the vibra-
tion displacement responses of such composite beam structure under base excitation of certain
level were measured and the correctness of strain energy analysis model was verified. It was
proved that the semi-theoretical method can be used to analyze and predict the strain energy of
composite beams, and the predicted results were also compared with those of aluminum alloy
beams with the same dimension parameters of such composite beams. It can be found that the
strain energy of fiber reinforced cantilever beam was 24 % — 36 % lower than that of alumi-
num alloy beam under the same excitation amplitude, and strain energy index indeed can be

used to evaluate the damping capacity of composite structure compared with metal structure.
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fiber reinforced cantilever beam structure
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Fig.3 Test system of strain energy of fiber reinforced

cantilever beam
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Table 2 Equipments used in the test of strain energy of

fiber reinforced cantilever beam
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Table 3 Calculated and measured natural frequencies of

fiber reinforced cantilever beam and their errors

[ 47 5 %/ H
Bk ‘ R2/%
e %t
1 18.1 17.9 1.1
2 110. 3 109. 4 0.8
3 297.5 296.0 0.5
4 561.0 555. 8 0.9
5 943. 3 936.5 0.7

F4 BRTHERIBRGALEILERERY
R e Rk HiRE
Table 4 Calculated and measured vibration displacement
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and their errors
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Table 5 Predicted strain energy results of fiber reinforced

cantilever beam and aluminum alloy beam
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18. 1 18.3 1038 1372 —24.3
110. 3 114. 6 248. 4 347.6 —28.5
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943. 3 1043 49.9 77. 4 —35.5
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