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Free Vibration Alialysis of Arbitrarily Shaped Plates with Free Edges Using
Non-dimensional Dynamic Influence Functions: the case that straight and curved
boundaries are mixed
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Abstract : Free Vibration Analysis using Non-dimensional Dynamic Influence Function (NDIF) is
extended to arbitrarily shaped plates including polygonal plates. Since the corners of polygonal
plates have indefinite normal directions and additional boundary conditions related to a twisting
moment at a corner along with moment and shear force zero conditions, it is not easy to apply the
NDIF method to polygonal plates with the free boundary condition. Moreover, owing to the fact
that the local polar coordinate system, which has been introduced for free plates with smoothly
varying edges, cannot be employed for the straight edges of the polygonal plates, a new
coordinate system is required for the polygonal plates. These problems are solved by developing
the new method of modifying a corner into a circular arc and setting the normal direction at the
corner to an average value of normal directions of two edges adjacent to the corner. Some case
studies for plates with various shapes show that the proposed method gives credible natural
frequencies and mode shapes for various polygons that agree well with those by an exact method or
FEM (ANSYS).
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Fig. 2 Local Polar System at a straight edge
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Fig. 4 the location of nodes in rectangular(5%2)

Table 1 Eigenvalues of the rectangular plate obtained by the
proposed method and the other method
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1.58 1.58 1.54 | 155

1.66 1.66

1.69 1.69 168 | 1.69

2.01 201
216 | 217
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() Ist Mode Shape (b) 2nd Mode Shape

(¢) 3nd Mode Shape
Fig. S Mode Shapes of the rectangular plate obtained by the
proposed method when N=16

(d) 4th Mode Shape
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Table 2 Eigenvalues of the square plate obtained by the
proposed method and the other method

222 222 221 222 2.22
2.49 249 246 2.47
2.91 291 2.95 2.96
3.51 351
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(a) 1st Mode Shape (b) 2nd Mode Shape

(¢) 3rd Mode Shape
Fig. 6 Mode Shapes of the rectangular plate obtained by the
proposed method when N=18

(d) 4th Mode Shape
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Fig. 7 the location of nodes in Arbitrarily shaped plate(half
circle and triangle)

Table 3 Eigenvalues of the Arbitrarily shaped plate obtained
by the proposed method and the other method
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2.30 2.30 240
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2.70 27
3.16 3.16 3.16
3.80
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(8) 1st Mode Shape (b) 2nd Mode Shape

(c) 3rd Mode Shape
Fig. 8 Mode Shapes of the arbitrarily shaped plate obtained
by the proposed method when N=19
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