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Dynamic modeling and analysis of curved beams
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ABSTRACT

This paper deals with in-plane vibration analysis of curved beams. The exact dynamic element method is applied
to obtain the dynamic model for curved beams. Numerical examples are provided to validate the proposed modeling
and analysis method. The numerical results show that the proposed method is useful for the dynamic analysis of
curved beams.
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Fig. 1 Coordinates system for curved beam modeling
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Fig. 2 Coordinates system for curved beam element
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Fig. 3 Model 1. a uniform beam system

Table 1 Comparison of exact and computed

natural frequencies

Exact™ Proposed Method
Mode
(rad/s) (rad/s)
1 3.557785e¢+002 3.557785e+002
2 1.418825e+003 1.418825e+003
3 3.176509¢+003 3.176509¢+003
4 5.608550e+003 5 608550e+003
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Fig. 4 Model 2: a simply supported curved beam

Table 2 Specifications of numerical model 2

Property Data
Radius (m) 1
arc segment angle (° ) 10, 20, 40
width (m) 0.02
thickness (m) 0.01
Young's modulus (N/mz) 20x 10"
Density (kg/m’) 7.75% 10°
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Table 3 Comparison of natural frequencies for
numerical model 2
Angle(®) | Mode Reference!” Proposed Method
(rad/s) (rad/s)
1 1.89831e+4 1.9020¢+4
a =10 2 7.5999¢+4 7.6036¢c+4
3 [.7102e+5 1.7106¢+5
1 4.7293e+3 4.7660e+3
a =20 2 1 8983e+4 1.9020e+4
3 4.2740¢+4 42777e+4

Fig. 5 Model 3: a beam with two curvatures

Table 4 Natural frequencies of model 3

Natural frequency (rad/s)

mode 1 mode 2 mode 3 mode 4
300.11 429.86 1086.4 25245
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