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Analysis of the Free Vibrations of Rectangular Plates
Using Database
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Abstract

In this study, the free vibrations of the cantilever plate, which is one of the most frequently used

elements in various machine structures, are analyzed and further the results are utilized to develop the

methodology to predict and control the natural frequencies for designing stabilized systems. The

proposed method has three major steps. The first step is the frequency response test to investigate the
natural frequencies of some plates, then the database is constituted from experiments and the FEM, and
finally the natural frequencies are predicted using the database to be cross-checked by the identification

test. The result of this study will help design many different stable structures without any complicated

calculations.
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Table 1 Specifications of the plate and the analyzer

Mass 3
Density 7850 kg/m
Spec. of Length 200 mm
the plate Width 200 mm
Thickness 2.2 mm
E 205 GPa
Difa
Analyzer | DSA 212 { Measuring
Spec. of Systems
the Accelero- .
analyzer meter 8634b5 Kistler
Impact DYTR-
Hammer | PULSE Dytran
y 17% 50%
-------- G s
-------- {E}-{F] 63%
-------- R
--------- A @ 13%

Fig. 2 Locations of the holes

@ Monitor

@ FFT analyzer
act_hammer

Fig. 3 Schematic diagram of the experimental

setup
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Table 2 The results of the experiments

HolE Mol A8 o] &% AZHBe AFAF B4 1983

Hole
Location

Hole
size

Natural frequencies[Hz]

1st

2nd

3rd

4th

5th

0

45.3

114.1

279.3

373.4

407.0

15X15

445

112.5

277.0

372.7

403.0

30x30

43.0

110.2

2734

370.3

396.9

45X 45

40.6

106.3

266.1

367.2

389.1

45.0

113.0

276.5

367.0

402.0

15%x15

43.8

1117

2742

366.4

399.2

30x30

42.2

110.9

272.0

364.1

397.7

45 %45

39.8

110.2

268.0

360.2

3945

17%

38%

45.3

114.1

279.0

374.0

406.3

15%x15

453

113.3

278.1

371.1

405.5

30x30

44.5

112.5

2773

366.4

407.0

45x 45

43.0

110.2

276.6

358.6

413.3

50%

38%

453

113.2

271.0

371.1

402.3

15X15

44.5

112.5

275.8

369.5

401.6

30x30

43.8

110.2

274.2

365.6

400.8

45X 45

43.0

107.8

272.7

362.5

399.2

17%

63%

45.3

114.1

279.0

373.0

407.0

15X 15

45.3

114.1

276.6

3711

404.7

30x30

45.3

114.1

273.4

365.6

402.3

45 x 45

46.1

115.0

268.0

3523

402.3

50%

63%

45.3

117.2

280.0

369.0

409.4

15x15

453

116.4

278.1

365.0

409.0

30x30

453

114.1

273.4

355.5

404.0

45x45

46.1

111.5

266.4

346.9

396.1

17%

88%

453

113.0

276.0

368.0

402.0

15x15

453

112.5

276.0

368.0

402.0

30x30

47.0

115.6

276.6

367.2

403.1

45x45

48.4

121.9

276.6

360.0

414.1

H

50%

0

45.3

1133

277.0

373.0

405.0

15%15

46.1

112.7

279.0

367.2

402.3

88%

3030

46.9

111.7

280.5

350.8

392.2

45x45

49.2

108.0

286.7

333.6

367.0

Wg ol gstel s

I FFE Table 3

Table 3 Comparison of the natural frequencies
(Hz) from the experiments and the FEM

Hole

Location

Method | Ist | 2nd | 3rd | 4th | 5th

Experiment | 40.6{106.31266.1/367.2/1389.1
A FEM 41.2/106.8/270.7/357.1/398.4
Error(%) 15| 05| 171 28| 24
Experiment | 40.8{111.2/273.0/365.2401.5
B FEM 41.41112.7(277.1|1356.5|410.4
Error(%) 15| 13| 15 24| 22
Experiment | 43.0/110.2|276.6/358.6/413.3
C FEM 43.7{110.5{283.8351.1(423.0
Error(%) 1.6 03| 26/ 2.1} 23
Experiment | 43.0/107.8]272.7{362.5/399.2
D FEM 43.9{109.91281.4|357.7412.5
Error(%) | 2.1 19| 32| 13| 33
Experiment | 40.6/106.3/266.1/367.2|1389.1
E FEM 46.7|115.5|275.4|349.4/410.4
Error(%) | 1.5 0.5 17| 2.8/ 24
Experiment | 40.8{111.2{273.0{365.2{401.5
F FEM 46.9/110.3272.9|345.0{404.2
Error(%) 15| 13| 1.5 24| 22
Experiment | 43.0/110.2{276.6|358.6/413.3
G FEM 49.6]124.7(286.1|361.0/{434.3
Error(%) 1.6 03| 26, 21| 23
Experiment | 43.0;{107.8{272.7|362.5{399.2
H FEM 49.8/109.8(293.8|330.4|380.0
Error(%) | 2.1 19{ 32} 13| 33
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Fig. 7 Variation of the third natural frequencies
with the positions of the hole

Fig. 8 Variation of the forth natural frequencies
with the positions of the hole

Fig. 6 Variation of the second natural frequencies
with the positions of the hole
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Fig. 12 Variation of the second natural frequencies
with the hole sizes
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Fig. 13 Variation of the third natural frequencies
with the hole sizes
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Fig. 14 Variation of the forth natural frequencies
with the hole sizes
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Fig. 15 Variation of the fifth natural frequencies
with the hole sizes
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Table 4 Comparison of the natural frequencies
from the experiments and the database

Hole | Hole | Natural frequencies[Hz]
Mode Position | Size
Exp. | Data | Error(%)

15x15| 4381 452 3.2
B 3030 422 43.6 33
st 45%45| 39.8| 40.9 2.8
15X15| 46.1| 47.2 24
H 30x30| 469 482 2.8
45x45| 49.2] 50.0 1.6
15X15]112.5) 1146 1.9
A |30x30!1102} 1122 1.8
45%45]106.3]108.2 1.8

2nd
15%15(112.5|116.5 3.6
G 30X301115.6 {1194 3.3
45%45|121.9|126.0 34
15%15)|277.0|286.5 3.4
A 3030127342819 3.1
3rd 45X 451266.1274.3 3.1
15%15{279.0 | 288.7 35
H 30x30(280.5(292.3 4.2
45X45|286.7 | 298.4 4.1
15x15)|367.2 3629 1.2
H 30x301350.81349.2 0.5
45x45{333.6 {3339 0.1
4th 15X15]368.0 | 367.0 0.3
G 30x30(367.2 (367.6 0.1
45x451360.0 | 361.9 0.5
15X15| 402314179 3.9
H 30%x30392.2 408.7 42
45x451367.0 | 380.8 38
Sth 15X 15405.5|419.7 3.5
C 30X30(407.0 | 421.8 3.6
45X45|413.3|427.8 3.5

‘Where,

"Exp." is the results of the experiments
"Data" is the results of the database

435 5x Tlzde IRIEF HE

GeometryZ7F 200% 200x 2.2(mm)%) 1 3 o
F7)7F 15% 15, 20x 20, 25x 25, 30% 30, 35 35,
" 40% 40, 45% 45, 50x 50(mm)<l o] Fig. 29|

Table 5 Comparison of the natural frequencies
from the database and the FEM

Mod Hole Natural frequencies(Hz]
ode o
Position | Data | FEM | Error(%) | Size
B 752 76.2 1.3
Ist
H 919 | 919 0.0 Plate :
and A 199.2 1 196.9 1.2 200X
n
G 231.9 12293 1.1 200X 4
3ed A 504.9 | 499.2 1.1 {(mm)
C1TTH 5493 [sa30] 12
ath H 614.6 | 607.5 1.2 Hole :
G 666.1 | 658.6 1.1 {45x45
st H 705.6 | 691.3 2.1 (mm)
C 787.4 | 779.0 1.1
B 18.7 | 19.0 1.6
Ist
H 2291 23.0 04 Plate :
A 50.1 | 49.2 1.8 |400X
2nd
G 584 | 573 1.9 |400x4
A 126.2 | 124.8 1.1 (mm)
3rd
H 137.2 | 135.7 1.1
ath H 153.0 | 1519 0.7 Hole :
G 165.8 [ 164.6 0.7 90 x990
o LB [177011728] 24 |(um)
C 197.5 | 194.7 1.4
Where,

"Data" is the results of the database
"FEM" is the results of the FEM
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2.25%), 45X 45(R=5.0625%)%1 TY& o]&3l4
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Fig. 16 Variation of the first natural frequencies
with the positions of the ribs

Fig. 18 Variation of the third natural frequencies
with the positions of the ribs

Fig. 17 Variation of the second natural frequencies
with the positions of the ribs
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Fig. 19 Variation of the forth natural frequencies
with the positions of the ribs

Fig. 20 Variation of the fifth natural frequencies
with the positions of the ribs
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