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Free Vibration Analysis of 4 Edges Clamped, Isotropic Square Plates
with 2 Collinear Circular Holes
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ABSTRACT

This work presents the experimental and finite element analysis results for the free vibration of 4
edges clamped, isotropic square plates with 2 collinear circular holes. Natural frequencies of finite
element analysis are obtained for the complete square plate, the square plates with a central circular
hole and the square plates with 2 collinear circulare holes. And natural frequencies are experimentally
measured for the complete square plate, the square plate with a central circular hole (d=150 mm) and
the square plates with 2 collinear circular holes. Agreement between experimental and FEM results is
excellent. Mode shapes in special case are presented. The conclusions of the study are as follows. There
is little variation of nondimensional frequency parameters for the first six mode when the aspect ratio
of circular hole is less than 1/6 in the isotropic square plates with 2 collinear circular holes. And the
first nondimensional frequency parameter doesn’t vary as the aspect ratio of circular hole increase.
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Table 1 Finite element modeling data

Thickness

to length
Total | Master 0 lengt

No. of [No. of ratio of
degree ofdegree of|

element| node shell

freedom |freedom

Type of plate

element

{i/h)

Complete square|

225 705 4230 120 4.17
plate

Square plates
with a central 64 224 1344 120 15.63
circular hole

Square plates
with 2 collinear| 128 379 2274 120 7.81
circular holes
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(1) Complete square plate

4
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(2) Square plate with a central
circular hole

(3) Square plate with 2 collinear
circular holes

Fig. 1 Finite element model
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Fig. 5 Experimental set-up
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Table 2 Natural frequencies of finite element analysis
for square plates with a central circular hole
(Al 5083 H113)

Natural frequency (Hz)

Diameter of Natural frequency in vibration mode (Hz)
circular hole
d (mm) fl f2 13 f4 5 16

0 478.3 | 974.3 | 974.7 | 1436.7 | 1746.5 | 1755.4

5 469.2 | 975.8 | 975.8 | 1465.6 | 1741.3 | 1758.6

10 468.7 | 975.2 | 975.2 | 1463.6 | 1737.7 | 1751.5

20 467.4 | 973.7 | 9738 | 1456.8 | 1727.5|1729.9

30 466.3 | 970.4 | 970.4 |1428.2 |1716.2 | 1718.9

40 466.2 | 963.0 | 963.0 |1439.5 1704.2 | 1735.7

50 468.6 | 952.1 | 952.1 114285 [1691.1 [1766.9

60 473.8 | 937.0 | 937.1 | 1416.4 | 1676.7 | 1817.2

70 482.3 | 919.1 | 919.2 |1402.7 | 1660.1 | 1885.5

80 494.7 | 900.6 | 900.7 |1387.1|1640.3 | 1970.1

90 511.2 | 883.6 | 883.2 | 13696 |1615.4 | 2077.8

100 532.0 | 870.5 | 870.5 {1350.2 | 1587.1 | 2130.6

110 589.0 | 865.1 | 865.2 |1329.3 ]1566.1 |2112.0

120 591.5 | 866.4 | 866.5 |1309.6 | 1544.9 | 2094.9

130 631.0 | 876.8 | 876.9 |1292.9 | 1531.6 | 2074.9

140 678.6 | 897.6 | 897.6 |1281.5|1529.9 | 2055.1

150 735.8 | 929.9 | 929.9 |1277.4 | 1542.9 12041.9
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Table 3 Natural frequencies of finite element analysis
for square plates with 2 collinear circular holes
(Al 5083 H113)

Diameter of Natural frequency in vibration mode (Hz)
circular hole
d (mm) f1 2 {3 f4 f5 6
0 478.3 | 9743 | 974.7 | 1436.7 | 1746.5 | 1755.4
5 478.4 | 962.7 | 979.6 | 1454.6 | 1712.7 | 1776.2
10 4784 | 960.7 | 978.6 | 1453.0 11708.0 | 1773.4
20 4785 | 956.2 | 975.3 | 1447.4 | 1699.2 | 1763.5
30 4789 | 954.3 | 970.1 | 1437.7 | 1702.7 | 1749.7
40 479.4 | 958.7 | 962.5 |1421.2 11723.4 | 1735.7
50 479.5 | 951.8 | 970.3 11397.2 | 1705.4 | 1780.3
60 4785 | 938.6 | 987.6 | 1368.1 | 1679.4 | 1850.5
70 476.1 | 9235 |1009.3 | 1338.6 | 1652.2 | 1934.4
80 472.7 | 907.7 |1034.7 | 1313.4 | 1625.1 | 2022.1
90 469.1 | 892.6 |1063.2 |1296.1 | 1598.6 | 2042.6
100 466.9 | 878.9 |1096.3 | 1288.5 | 1573.4 | 2039.4
110 467.7 | 867.0 [1135.2 {1290.1 | 1551.9 | 2035.9
120 473.4 | 857.1 |1180.6 | 1299.6 | 1537.6 | 2028.6
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Fig. 7 Natural frequencies of finite element analysis
for square plates with 2 collinear circular holes
(Al 5083 H113, =300 mm, 4=4.8 mm)
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Fig. 9 Mode shapes of finite element analysis for
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Table 4 Experimental natural frequencies for speci-
mens (Al 5083 H113)

D'iameter of Natural frequency in vibration
Type circular mode (Hz)
of plate hole
d (mm) f1 f2 | 3 | f4 | 5 | 6
Complete
square 0 470 { 950 | 950 | 1400 | 1690 | 1690
plate
Square
plate
with a
150 720 | 920 | 9351270 [ 1545} -
central
circular
hole
5 470 1 955 | 955 {1400 | 1695 | 1720
10 475 | 955 | 955 | 1400 | 1700 | 1715
20 470 | 945 | 9451|1405 | 1695 | 1710
30 470 | 940 | 950 | 1395 | 1680 | 1700
Square 40 | 475 | 935 | 9551380 | 1675 | 1720
plate 50 475 | 925 | 965 | 1365 | 1670 | 1755
ith 2
Wi 60 | 470 | 915 | 975 | 1340 | 1630 | 1805
collinear
circular 70 | 475 | 905 | 1000 | 1310 | 1610 | 1875
holes 80 470 | 885 11025 [ 1285 | 1580 | 1935
90 455 | 860 | 1040 | 1260 | 1545 | 1970
100 470 | 865 | 1095 | 1275 | 1545 | 1990
110 465 | 845 | 1115|1260 | 1515 | 1975
120 470 | 835 | 1160 {1275 | 1510 | 1970
sich
FBYre] gle A AT H B A= Leissa,
@) Young® = Bolotin®e] o]l2x]¢} n)wsle]

Table 59 24&]%}914 o]ZBE 1x¥E 6x}7l=]9]
Ay} o]wj oA 9 A= 5% winke
2 A dx3tn al_v% Aguye] g3 s 4
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Fig. 10 Experimental natural frequencies for square
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Table 5 Comparison of natural frequencies with refer-
ences for complete square plate (Al 5083 H113)

Natural frequency in vibration mode (Hz)

Author
f1 2 {3 f4 5 16

Young® 479.7 | 978.6 | 978.6 |1443.6 [1754.8 [1762.9

Bolotin® | 467.9 | 971.8 | 971.8 | 1432.6 | 1754.6 | 1754.6

Leissa® 479.8 | 978.6 | 978.6 |1443.2 | 1754.8 | 1762.8

Finite element
nite element) o s | 0743 | 0747 | 1436.7 | 17465 | 1755.4
analysis

Experimental | 700 | 9500 | 950.0 | 14000 | 1690.0 | 1690.0
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Table 6 Comparison of natural frequencies with refer-
ences for square plates having a central circu-
lar hole (Al 5083 H113, ¢ =150 mm)

Natural frequency in vibration mode (Hz)

Author
f1 f2 13 f4 f5 {6
Anderson® | 771.1 - - 1657.0 - -
Laura® - 11105 - 1452.6 - -

Finite el t
1meeer.nen 735.8 | 929.9 | 929.9 112774 |1542.9 | 2041.9
analysis

E imental
HpeTImenta! 7200 | 9200 | 9350 12700 | 15450 | -
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Table 7 Nondimensional frequency parameters of
finite element analysis for square plates with 2

collinear circular holes (Al 5083 H113)

Aspect ratio o Nondimensional frequency
circular hole parameter in vibration mode
dla A P Y A FY PH
0.00 35.88 | 73.09 | 73.12 |107.78 | 131.02 | 131.68
0.02 35.89 | 72.22 | 73.49 |109.12 | 128.49 | 133.25
0.03 35.89 | 72.07 | 73.41 |109.00 {128.13 | 133.04
0.07 3590 | 71.73 | 73.16 |108.59 |127.47 | 132.29
0.10 3593 | 7159 | 72.78 |107.85 |127.73 | 131.26
0.13 3597 | 71.92 | 72.20 |106.62 | 129.29 |130.21
0.17 35.97 | 71.40 | 72.79 |104.81 |127.94 | 133.56
0.20 35.89 | 70.41 | 74.09 |102.63 | 125.98 | 138.82
0.23 35.72 | 69.28 | 75.72 |100.42 | 123.95 | 145.12
0.27 35.46 | 68.10 | 77.62 | 98.53 |121.91 | 151.70
0.30 35.19 | 66.96 | 79.76 | 97.23 |119.92 |153.23
0.33 35.02 | 65.93 | 82.24 | 96.66 | 118.03 | 153.00
0.37 35.08 | 65.04 | 85.16 | 96.78 | 116.42 | 152.73
0.40 3551 | 64.30 | 88.57 | 97.50 |115.35|152.18
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Fig. 11 Comparison between experiment and finite ele-
ment analysis on nondimensional frequency
parameters (Al 5083 HI13, ¢=300 mm, h=4.38
mm)
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Table 8 Experimental nondimensional frequency
parameters for square plates with 2 collinear

circular holes (Al 5083 H113)

Aspect ratio o Nondimensional frequency

circular hole parameter in vibration mode
d/a A Y PH A b A
0.00 35.26 | 71.27 | 71.27 |105.03 | 126.78 | 126.78
0.02 35.26 | 71.64 | 71.64 |105.03 | 127.16 | 129.03
0.03 35.63 | 71.64 | 71.64 |105.03 | 127.53 | 128.66
0.07 35.26 | 70.89 | 70.89 |105.40 |127.16 | 128.28
0.10 35.26 | 70.52 | 71.27 |104.65 | 126.03 | 127.53
0.13 35.63 | 69.39 | 71.64 |103.53 | 125.66 | 129.03
0.17 35.63 | 69.39 | 72.39 |102.40 {125.28 | 131.66
0.20 35.26 | 68.64 | 73.14 |100.53 | 122.28 | 13541
0.23 35.63 | 67.89 | 75.02 | 98.27 | 120.78 | 140.66
0.27 35.26 | 66.39 | 76.89 | 96.40 | 118.53 | 145.16
0.30 34.13 | 6452 | 78.02 i 94.52 | 115.90 | 147.79
0.33 35.26 | 64.89 | 82.15 | 95.65|115.90 | 149.29
0.37 34.88 | 63.39 | 83.65 | 94.52 | 113.65 | 148.16
0.40 35.26 | 62.64 | 87.02 | 95.65 |113.28 | 147.79
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