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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, the hydrostatic vibration analysis of an isotropic rectangular microplate in partial contact
Received 17 October 2016 with a bounded fluid is studied. Modified couple stress theory based on the Kirchhoff plate assumptions
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is used to mathematically model the problem. The extended Hamilton’s principle is employed to drive
Available Online 29 January 2017

the governing differential equation of motion and the corresponding boundary conditions. The
transverse displacement of the microplate is approximated by a set of admissible functions which must

Keywords:

Free Vibration satisfy the geometric boundary conditions. The fluid is assumed to be incompressible, inviscid and

Rectangular Microplate irrotational and the fluid velocity potential is obtained using the boundary and compatibility conditions.

Fluid Natural frequencies of the microplate are calculated using the Rayleigh-Ritz method. To validate the

Length Scale Parameter present results, the natural frequencies of an isotropic macroplate in contact with fluid are compared
with the available data in the literature and very good agreements are observed. Finally, using the
numerical data, the effect of different parameters such as thickness to length scale parameter, aspect
ratio, length to thickness ratio and boundary conditions on the natural frequencies of the microplate are
discussed in detail. We have observed that the difference between the natural frequencies predicted
using the classical theory and the one evaluated by the modified couple stress theory is significant when
thickness of the microplate is small, but diminishes as thickness increases.
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Table 2 Non-dimensional natural frequencies <Q = wai/%) for a square macroplate in contact with fluid and fully clamped

b,/b

Ao 0lads o9, 0 0.2 0.4 0.6 0.8
Sl s 5.9170 5.8656 45983 3.1187 2.4663

b 8] 5.730 5.674 4202 2.747 2157
Sl s 12.0680 11.5818 9.1314 6.9442 6.0075

2t 8] 1175 11.18 8,590 7.606 5.754
Sl s 12.0680 11.9341 9.2222 8.1139 6.0803

L2 8] 1175 11.60 8.254 6.109 5.282

Sl s 17.7875 17.0007 14.6235 12.7214 9.79

22 8] 17.27 16.34 13.84 11.84 9.164
Sl s 21.6482 19.9252 16.0222 13.2856 12.0016

3 8] 21.26 19.10 16.78 14.47 12.31
Sl s 27.1260 24.9783 22.6371 19.6224 16.0434

32 8] 26.49 23.85 21.43 18.94 15.96
Sl s 27.1260 25.7826 23.6857 19.88 16.0434

23 8] 26.49 24.81 22.78 18,51 14.97
Sl b 34.6437 31.3008 25.7072 22.3779 20.9684

e 8] 3454 30.29 26.84 24.21 21.89
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Table 3 Non-dimensional natural frequencies (Q = waz\/Z—h> for a square macroplate in contact with fluid and fully simply supported

b,/b
st o) 0 0.2 0.4 0.6 0.8
ol @L‘_Y 3.1917 3.1038 2.3746 1.6664 1.3030
11
[8] 3.169 3.064 2.196 1.496 1.173
ol @L‘_Y 7.9792 7.3152 5.8788 4.5498 3.9474
2,1
[8] 7.902 7.092 5.708 5.174 3.926
ol C‘L"’ 7.9792 7.7463 6.0251 5.3601 3.9686
1,2
[8] 7.902 7.622 5.382 4.058 3.484
ol C‘L"’ 12.7667 11.7215 10.3465 9.0951 6.9678
22
[8] 12.68 11.40 9.974 8.746 6.777
ol C‘L"’ 15.9584 14.2176 11.6968 9.7821 8.9012
31
[8] 15.95 13.80 12.57 10.57 9.410
ol C"L" 20.7459 18.6468 17.0397 14.4937 12.2400
32
[8] 20.69 18.10 16.68 14.47 12.66
ol C"L" 20.7459 19.1174 17.9115 15.2195 12.6106
23
[8] 20.69 18.64 17.52 14.57 11.74
ol C"L" 27.1293 24,5170 20.1202 17.6313 16.4688
41
[8] 27.52 24.21 21.36 19.32 17.66
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Fig. 2 First three mode shapes of a simply-supported rectangular macroplate in contact with air and partially with fluid
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Fig. 5 Variation of first four natural frequencies versus the length to
thickness ratio for a square microplate with fully clamped boundary
conditions
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Table 4 Variation of first three natural frequencies (MHz) for various
length scale parameters and different boundary conditions

a/b=2 a/b=1
I/h B.Cs
w3 o) ] w3 W2 W1
5.8564 4.3551 35947  2.6138  2.0442 1.0888 I/h=1
3.5922 2.6714 22049 1.6032 1.2539 0.6678 I/h=05  SCSC
2.4613 1.8304 1.5108 1.0985 0.8591 0.4575 1/h=0.1
4.1342 2.7410 1.3272 2.3851 1.6304 0.9199 I/h=1
24874 1.6961 0.7997 1.4756 0.9828 0.5680 Ilh=05 CCCF
1.6381 1.1398 0.5106  0.0131 0.6421 0.3854 1/h=0.1
3.0626 1.8055 0.7365 1.5249 1.1590 0.4513 I/h=1
1.8309 1.1247 0.4408  0.9491 0.6938 0.2811 1/h=0.5 SSSF
1.1882 0.7540 0.2694  0.6525 0.4441 0.1885 1/h=0.1
55

Fundamental Frequency (MHz)
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Fig. 3 Variation of fundamental frequency versus the length to
thickness ratio for a square microplate and fully clamped
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Fig. 4 The effect of plate's thickness/length scale parameter on the

fundamental frequency of a square microplate with fully clamped

boundary conditions based on the present and classical theories
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Table 5 Non-dimensional natural frequencies (Q = wa? /‘;—h> for a square microplate in contact with fluid and different boundary conditions

bi/b
st S5m il 0 0.2 0.4 0.6 0.8
SCSC 4.7438 4.6828 3.3762 2.1165 1.6120
11 CCCF 3.9833 3.9784 3.6351 2.4682 1.7975
SSSF 1.9400 1.9228 1.6687 1.1872 0.8576
SCSC 8.9063 8.7638 6.2021 4.3596 3.6737
21 CCCF 6.6196 6.5166 4.8720 4.5511 3.8344
SSSF 4.5666 4.2750 3.1111 2.8810 2.4450
SCSC 11.3879 10.6987 8.1210 6.7446 4.7662
12 CCCF 10.4883 10.4599 8.0865 5.9541 5.0514
SSSF 6.7489 6.6729 5.1587 3.8689 3.2336
SCSC 15.4655 14.4458 11.2545 8.7963 7.1633
2,2 CCCF 12.5361 11.7715 9.4400 7.7361 6.6831
SSSF 9.6855 8.7483 7.4290 5.8702 5.1511
SCSC 21.2376 18.7691 16.0993 13.3823 10.5434
31 CCCF 19.2144 17.8333 14.2194 11.5560 10.3804
SSSF 14.7353 13.5399 10.4178 8.5227 7.6200
SCSC 22.8330 21.1753 18.4569 15.0378 11.5979
3.2 CCCF 20.2590 19.3848 15.8214 12.6570 11.6172
SSSF 15.4250 14.4779 12.4390 9.5533 8.9783
SCSC 25.3782 22.5196 18.8684 15.5844 13.3188
2,3 CCCF 21.8435 20.1486 16.8113 14.2128 11.9572
SSSF 17.7793 16.1176 13.7465 12.0512 9.7115
SCsC 27.5990 26.7021 19.8915 16.7941 14.3946
41 CCCF 23.1938 22.2203 20.5910 17.5302 13.7562
SSSF 18.6364 16.2685 15.2054 13.3605 10.4965
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Fig. 6 First three mode shapes of a simply-supported rectangular microplate in contact with air and partially with fluid
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