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Study on Natural Vibration Characteristics of L-Shaped Cantilever
Beams With the Differential Quadrature Method
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Abstract: The L-shaped cantilever beam structure has many unique advantages such as large flexibility, strong
designability, full utilization of space and various deformation modes during vibration, and is widely regarded
and studied. A differential quadrature method was proposed to solve the natural frequencies and modes of rec-
tangular-section homogeneous slender L-shaped cantilever beams with additional end masses. In the double co-
ordinate systems, the dynamic equations for the L-shaped cantilever beam based on the Euler-Bernoulli beam
theory were established. With selected roots of the Chebyshev polynomial as the node coordinates, the La-
grange interpolation basis function was employed, the weight coefficients of each order were solved, and the
boundary conditions were considered, to obtain the natural frequencies and modes of all orders of the structure
through resolution of the generalized matrix eigenvalue problem. The theoretical solution of the natural frequen-
cies was verified in comparison with the previous theoretical results and the finite element results. Finally, the
effects of the end mass, the length ratio, the width and the thickness of the inner and outer beams on the natu-

ral vibration characteristics of all orders were discussed. This method can be further applied to the study of re-
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lated structural vibrations.
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Fig. 1 Schematic diagram of the L-shaped cantilever beam
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Table 1  Geometric and material parameters of the L-shaped cantilever beam

parameter value! 2] parameter value! 2!
length I, /m, [, /m 0.75, 0.75 elasticity modulus £ /Pa 7x10'
width b /m 0.04 polar moment of inertia /, /m* 1.535x107°
thickness h /m 0.005 end mass m /kg 0.5
density p / (kg/m*) 2 700 Poisson’ s ratio v 0.3

R2 AT AECT RS HTTLB FA SRR (AL Ha)

Table 2 First five-order natural frequencies of the structure with different number of nodes (unit: Hz)

mode
node
1 2 3 4 5
Ni, =9 1.377 7 5.514 0 27.671 8 42.532 3 94.087 5
Ny, =10 1.377 7 5.513 6 27.661 4 42.342 1 93.287 7
Ny, =11 1.377 7 5.5136 27.659 9 42.259 0 93.070 6
Ny, =12 1.377 7 5.5136 27.660 2 42.261 4 93.072 7
Ny, =13 1.377 7 5.513 6 27.660 2 42.263 6 93.088 2
Ny, =14 1.377 7 5.5136 27.660 2 42.263 5 93.089 0
Ny, =15 1.377 7 5.5136 27.660 2 42.263 4 93.088 4
R3 GEMITILRY A WX LR (0L He)
Table 3 Comparison of the structure’ s first five-order natural frequencies (unit: Hz)
mode 1 2 3 4 5
present N, , = 13 1.37717 5.513 6 27.660 2 42.263 6 93.088 2
ref. [20] (errord /%) 1.377 2(0.04) 5.531 6(-0.33) 27.761 9(-0.37) 42.456 2(-0.45) 93.500 7(-0.44)
PATRAN (errord /%) 1.370 1(0.55) 5.486 1(0.50) 27.582 0(0.28) 41.738 0(1.26) 92.665 0(0.46)
COMSOL (error 8 /%) 1.405 3(-1.96) 5.554 0(-0.73) 27.779 0(-0.43) 41.556 0(1.70) 92.551 0(0.58)
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(a) —Pr,1.405 3 Hz (b) =Br,5.554 0 Hz (¢) =Kr,27.779 0 Hz
(a) The Ist order, 1.405 3 Hz (b) The 2nd order, 5.554 0 Hz (¢) The 3rd order, 27.779 0 Hz
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(d) PUBf,41.556 0 Hz (e) FiBT,92.551 0 Hz
(d) The 4th order, 41.556 0 Hz (e) The 5th order, 92.551 0 Hz
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Fig. 2 Diagram of the first five modes of the structure
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Fig. 5 The effect of the beam thickness on natural frequencies of the structure
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