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An Experimental Study on the Dynamic Characteristics of
the Bell Type Structure

Suk Choo Chung, Doo Man Kim and Young Ha Yum

Abstract

Dynamic characteristics of the bell-type structure including the acoustic effects such as the

beat frequencies are analyzed experimentally.

Test bells, A and B types similar to the Kap-Sa Bell in Kong-Ju chosen among typical Yi-

Dynasty bells, are manufactured with different scales to the original bell.

To consider the effects of asymmetric characteristics and variation of the acoustic response,

these bells are analyzed under the added weights.

The impact test method with the F.F.T.(Fast Fourier Transform) analyzer is adopted to assess

experimentally the dynamic response.

Results are in good agreements with the numerically obtained data.

The experimental results are as follows;

(1) The thicker the bell is, the more natural frequency increases.

(2) Two bells, which have different thinckness from each other,

produce the different

power spectrums, and thereby higher frequencies disappear faster than lower frequencies.

(3) When the number of attaching weights increases, natural frequencies decrease.

(4) As the number of attaching weight increases up to 2, beat frequencies also increase, and

in case 4 weights are joined symmetrically, beat frequency does not appear.
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Table 1 Chemical composition of test bell

Test Composition(%)

piece Cu

Sn | zn | Pb | Ni | Ml Cr

Bronze| 83.4 15.6 0.033 o0.21) 0.0 0.01 o.01
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Photo 1 Hanging bell B in test stand

Table 2 Mechanical properties of test bell

Young’s Poisson’s Weight Tensile Impact Hardness
Test piece modules density strength value
(kg/mm?) ratio (kg/mm?) | (kg/mm?) (kg-m) HRB HBN
Bronze I 0.93x10° 0.34 1 8.6x107¢ 4,479 1 11.76 ‘ 72.8 101. 67
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Photo 2 Test set up
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(1) F.F.T#E : Ono-Sokki, CF-500Fl

(2) Micro pick up: Ono-Sokki, NP-501S #!

(3) X-Y recorder: Ono-Sokki, CX-446

(4) Dynamic amplifier: Piezo Electric Co.
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Fig. 1 A schematic diagram of the instrurnentation
for natural frequencies and mode test
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Fig. 83 Power spectrum displayed by F.F.T. analy-
zer for model A bell
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Fig. 4 Power spectrm displayed by F.F.T. analyzer
for model B bell
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Fig. 7 Natural frequencies of model A and B bell

Table 3 Natural frequencies and mode shape

Frequencies and
W Model A | Model B| Mode
Flexural (Hz) (Hz) shape
mode No.
1 350. 0 225.0 4-0
2 925.0 637.5 6-0
3 1,225.00 1,002.5 8-0
4 1,330.0, 1,138.0 6-1
5 1,257.0 10-0
6 1,900.0, 1,387.0 8-1
7 1,862.0 10-1
2,187.0 6-2
8 2, 350. 0; 2-2
9 2,287.0 8-2
10 2,362.0 4-1
2,987.0 102
11 ; 2,687.0 8-3
3,112, 04’ 0-2
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Fig. 8 Position of attaching mass for model B bell

HHEHE- &+ H- B XK E

oy —— ‘Natural frequency
20" —~.—.Beal frequency
g
— 220
ra
5
2 200F
s E./\,.,MNV
B~
s - 2F _/o\\
g —o AN
2 ol Se
s 1r ~
= ~
~
~
1 L S >
0 1 2 3 4
Mass (EA)

Fig. 9 Natural frequecies and beat frequencies by
the effect of attaching mass for model B bell

Table 4 Vavration of natural frequencies and beat frequencies of Ist flexural mode by the effect of the
number of mass (38.6g per mass) attached to the outside surface of the bottom of model B bell

. 2 mass(180° 4 mass(90°
P . . Without mass 1 mass equal space) s equal space)
lexural mode No. Natural Beat Natural Beat Natural Beat Natural Beat
frequency | frequency | frequency | frequency | frequency | frequency | frequency | frequency
Hz Hz Hz Hz Hz Hz Hz Hz
1 225.0 1.4 223.0 1.7 222.0 1.9 220. 0 —
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Table 5 Comparision of natural frequencies for model A and model B bell, results of F.E.M. and experiment
. Frequency increase
Natural frequencies(Hz) g
‘ (model A-model B) Mode
Flexural mode No. Model A ‘ Model B rEM| E Devia-
- - E.D XPp. tion shape
} Deviat- Deviat-
FEM | Exp. [DVE0| FEM | Exp. pevial, (%)
f
1 392.0[ 350.0 10.7, 255.8  225.0 12,00 136.2] 125.0 8.2 4-0
917.2| 925.0 0.9 606.2f 637.5 4,90 311.0; 287.5 7.6 6-0
1301.3) 1225.0 5.9 911.3 1002.5 9.1 390.1 222.5 42.0 8-0
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Fig. 10 Comparison of natural frequencies for model
A and B, resuts of F.E.M. and experiments
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Fig. 11 Comparison of natural frequencies due to
mass effect, results of F.E.M and experiments

Table 6 Comparison of mass effect(38.6g per mass),
results of F.E.M. and experiment(model B)

Flexural mode No. 1
Type of frequency S E—
No. of mass Low ‘ High
F.E.M. | 225. 7 225.9
Natural
frequency(Hz) Exp. ‘ 225.0
With- ‘o
out ! Deviation(%) 11.8
mass F.E.M. 0.2
Beat
Exp.
frequency(Hz) xp L4
Deviation(%) =1.2
F.EM. | 257, 3| 258.5
Natural
frequency(Hz) Exp. t 223.0
Deviation(%) 13.5
1 mass
F.E.M. | e
| Beat
frequency(Hz) Exp. ‘ 1.7
Deviation(%) —0.4
F.E.M. 258.8| 261.3
Natural :
frequency(Hz) Exp. ’ 222.0
Deviation(%) 14.6
2 mass| -
F.E.M. 2,5
Beat
Exp. .
frequency(Hz) *p ‘ 1.9
Deviation(%) 0.6
F.EM, |261.7] —
Natuaral
frequency(Hz) Exp. ' 220.0
Deviation(%) 16.8
4 mass|
F.E.M. | 53
Beat
frequency(Hz) EXP' ' -
- Deviation( %) —
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