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Vibration Analysis of Quadrangular Plate having
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Abstract

In ship and offshore structures, there exist many local panels of various shapes hav-
ing many kinds of attachments reducible to damped spring-mass systems. For the vi~
bration analysis of panels, analytical methods such as Rayleight-Ritz method or the as-
sumed mode method can be efficiently applied. There have been many studies on the
vibration analysis of rectangular panels using the analytical methods but relatively few
for arbitrary shape panels. An efficient formulation based on the assumed mode method
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is presented for the vibration analysis of an arbitrary quadrangular plate having con-
centrated masses, supporting springs such as pillars and spring-mass systems. In the
formulation, the natural coordinate system is used for the efficient treatment of an ar-
bitrary quadrangular shape. Through some numerical calculations. accuracy and effi~

ciency of the presented method are shown.
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Table 1. Convergence test of natural frequencies
according to the number of terms in as-
sumption of vibratory modes, Eq.(8), for
an quadrangular plate (C-C-C-C)

(unit:Hz)

pxq
Ordor. |1%x1 ] 2x2| 3x3 | 4x4 | 5x5|6x6|7x7

1 {1844 1746| 1742|1736 | 17.35|17.34 | 17.34

2 - 33.00| 31.74 | 3164 | 31.57 {31.55 | 31.54

3 - 40.29 | 382313797 37903786 | 37.84

4 - 5831 | 49.59 | 48.52 | 4821 |48.15 | 48.10

5 - - 62.86 | 59.27 | 59.09 | 58.97 | 58.95
run timel

(seconds)| 0.93 | 1.87 | 434 | 642 | 994 {1510 | 24.78
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Fig.9 Comparison of calculated mode shapes of
a guadrangular plate having a spring-
mass system(B.C.: $-5-5-8)
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Fig.10 Comparison of calculated results of forced
response of a quadrangular plate having a
spring-mass system(B.C.:C-C-C-C)
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Table 2 Calculated natural frequencies of a quad-
rangular plate without/with a spring-mass
system (Ms =141.3Kg )

\‘ Method I8

( unit : Hz )

Assumed Mode f Finite Element
Method Method

B 1?7&24 12;3{ 13.82 1275
961 937 |48 |
12 (1681 16.56
soos | 2 12077 | 2077 | 2049 | 2049 | 59
3 | 2696 | 2617 | 255 | %5.13
L 4 | 3489 | 3640 | 3420 | 3554
Ty |19 | 7ap | 155
12 29.85 2958
152 | 3180 | 3149 | 3Lt
CCCC 3L 3 S

s Constant
BC case-l | case? | case-1| case-2 {(10N/m
i ! {
1-1 595 4.41 5.06 4.33
1-2 6.67 6.50

FRFFI7 1 801 | 810 | 788 | 795 | 16
3 | 1074 | 11.00 | 1055 | 10.75

2
3 13784} 3848 | 3776 | 38.35
4 | 4810 | 5154 | 4798 | 51.21

Note : case-1 : without a spring-mass system
case-2 © with a spring-mass system
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