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1. INTRODUCTION

The present study deals with the solution of the title problem using a conformal
mapping approach coupled with the optimized Rayleigh—Ritz method [1, 2]. By
conformally transforming the given shape in the z-plane onto a unit circle in the
{-plane it is possible to construct co-ordinate functions which satisfy the essential
boundary conditions in the case of simply supported and clamped plates. For the
sake of simplicity, the azimuthal variation in the {-plane is disregarded and the
following co-ordinate functions are used.

(1) Simply supported plates:

We~W,=C(l—r)+C,(1 —rt")+ C(1 —r"?), {=re°. (1)
(2) Clamped plates:
WeW,=C(—=r)yY+CGA—rt'yY + Gl —r*?y )
where p is Rayleigh’s optimization parameter [2].

It should be pointed out that orthotropic plates are commonly used in
engineering practice, e.g., printed circuit boards used in electronics applications.

2. APPROXIMATE SOLUTION

Following Lekhnitskii’s standard notation [3] one expresses the governing
functional in the form

J(W) = Jf (D W2+ 2D, WoW,2 + Dy Wi + 4D W3,) dx dy — pho?
V4

J J W*dx dy — Mw*W¥0, 0), 3)

where it has been assumed that the concentrated mass M is rigidly attached at the
center of the plate.
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In the case of regular polygons of degree ““s”” the mapping function is given by

[1]

4 dC
z = Aa,F({) = Asa, L T+ o “4)
where a, is the apothem of the polygon.
Defining now
_le _LFQ©) o
U] + V]l - 4 F/Z(é/) ) U2 + V2l - 2 F/%(ér) € s (5)

and substituting equations (4) and (5) into equation (3) one obtains the
transformed energy functional in the form

B _|_ ar
La W W W I
s _ _ ar _ -
Dl J(Wa) - JJ\ 2<< a r >U1 ar U2> + 2 |F/(C)|2

2
<Wa,«z + W)
r
Vs S

2

— W N
- 8 Warz - - U - I/I/m‘ U + ~ ’
Vz_( r > ‘ } 2 FOF
[ 2
D W, W
Z2| A _ -
+ Dl 2(( War r >U1 er U2> + 2 |F/(C)|2

+ 16 %]]( |:< I/I/tlr2 - IJ;“’) Vl - War V2:|— |F/(€)|2r dr de

- QZ[AE f J WEFQOF dr o+ pstg T me} ©
4
16tg p :
where the fact that WW,, defined in equations (1) and (2), does not contain the

azimuthal variable 0 has been taken into account, and y = M/M,, M, = plate
mass, fgn/s = tan /s, and Qf = (pha*/D))w;.

3. NUMERICAL RESULTS

Tables 1 and 2 depict values of the fundamental frequency coefficient Q, in the
case of isotropic, simply supported and clamped plates, respectively. Reasonably
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Figure 1. Orthotropic plate of regular polygonal shape carrying a central, concentrated mass, M.

good agreement with values available in the literature, for the case where u = 0,
is obtained. Pentagonal, exagonal and heptagonal plates are considered in the
present investigation.

TABLE 1
Frequency coefficients of simply supported isotropic plates of regular polygonal shape

(v =0-30)

s =0 0-10 0-20 0-30 0-40 =0 [4]

5 11-00 9-28 814 7-33 672 11-01

6 6:96 590 519 4-68 4:30 715

7 4-97 4-22 372 3-35 3-08 5-06
TABLE 2

Frequency coefficients of clamped isotropic plates of regular polygonal shape

s ©£=0 0-10 0-20 0-30 0-40 1=0[5]
5 19-24 15-11 12-76 11-23 10-13 19-71
6 12:56 991 839 7-39 6-68 12-81
7 891 7-05 597 527 4-76 9:08
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TABLE 3

Frequency coefficients of simply supported orthotropic plates of regular polygonal
shape (v, = 0-30)

D), DD, s u=0 010 020 030 040 =0 [6]
4 085 5 17-08 1441 1264 1138  10-42 17-03
6 1073 910 801 723 663 11-70
7 768 651 573 517 475 -
1 085 5 1249 1054 924 832 762 12-54
6 778 660 581 524 481 848
7 550 467 412 371 341 -
1 010 5 1017 858 753 678 621 10-45
6 650 551 485 437 401 7-16
7 468 397 349 315 289 -
025 010 5 833 704 617 55 510 865
6 535 454 399 360 330 594
7 384 326 287 259 237 -

Tables 3 and 4 present values of €, for simply supported and clamped
orthotropic plates. The following orthotropic parameters have been considered:
Dz/Dl = 4, Dk/Dl = 085, V), = 030, Dz/D] = I,Dk/Dl = 085, Vy, = 030, Dz/Dl = 1,
Dk/D] = 010, Vy, = 030, Dz/D] = 025, Dk/D] = 010, Vy, = 030

In the case of bare plates (1 = 0) the eigenvalues have been compared with those
determined in reference [6].

TABLE 4

Frequency coefficients of clamped orthotropic plates of regular polygonal shape
(v2=0-30)

D, /D, D, /D, s u="~0 0-10 0-20 0-30 0-40 u=20[6]

4 0-85 5 29-77 23-37 19-73 17-36 15-67 30-46
6 19-42 15-31 12-96 11-41 10-31 20-18
7 13-79 10-90 9-23 814 7-36 14-82
1 0-85 5 21-69 17-02 14-36 12:63 11-40 22-09
6 14-13 11-14 9-43 8:30 7-50 14-52
7 9-99 7-90 6-69 590 5-33 10-62
1 0-10 5 17-90 14-06 11-88 10-45 9-44 18-66
6 11-70 9-23 7-82 6-89 622 1225
7 8:32 6-58 5-58 4-92 4-45 9-05
0-25 0-10 5 14-71 11-56 977 8-59 776 15-38
6 9-62 7-59 643 5:67 5-12 10-18
7 6-83 5-41 4-58 4-04 3-65 7-41
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Present results are, in general, somewhat lower. Possibly the values determined
in reference [6] are rather high upper bounds since a single approximating function
was used.
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