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A Study on the Vibrational Characteristics of Korean Bells(] )
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Abstract

A slight asymmetry exists in Korean beslls due to decorative sculptures, carved figures and

casting irregularities. In this study, the influence of the asymmetry on the bell’s best frequencies
and mode shapes is studied by using finite element method and modal testing. Aslo measurement

techniques of nodal lines and
discussed.

damping ratios of bells with very small beat frequencies are
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Table I Dimension of the model bells in mm
(fmn ; minimum shell thickness)
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1 Model
Dimension

D, 437 430 448
D; 362 400 376
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xo Behin. 4 . Hr 766 760 753
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Fig. 1 Traditional Korean bell Table 2 Chemical compositions of the model bells

Components | Cu Sn Fe Pb Nt Zn

Weight 81.1 18.7 0.1 0:07 0.0023 0.013
percentage

Table 3 Mechanical properties of the model bells

Young’s modulus Poisson’s ratio Mass density

9.074X10'°N /m? 0.34 8.8X10%¢/m®
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Fig. 3 Finite element model of medel bell

Mg, 4 (40) and (6,0) model shapes of model 2
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Table 5 Numerical simulation plan for model 2

ontents
Case No

Elements considered in the simulation

#1 Main axisymmetric shell (MAS) only

#2 MAS with Dangjwa

#3 MAS with Dangjwa of increased thick-
ness

#4 Mass of Dangjwa with MAS

#5 Stiffness of Dangjwa with MAS

#6 Dangjwa of decreased thickness with
MAS

#7 Entire bell (EB)

#3 EB with Yongdoo being eliminated

#9 EB with Yongdoo and Eumtong being
eliminated

#10 | EB with Yukwaks being eliminated

#11 | EB with Bosals being eliminated

#12 | Changed location of thicker(12mm)
Bosals to position between low and high
nodal lines of (4,0) mode in EB

#13 | Only the mass of bosals in the case #7
#14 | The reduced thickness at the position of
22.5° from Dangjwa

Hub (el Aot Aol A4 Tt e e wb
ool @abel vfehdel; @, ), (o), (D9 A
AA 9 tatel %*Pﬁ}ﬂl FALE dAIE F 5
Al ed, B, @9 A= F4aA7, ()
"a‘%i-\%ﬂ A 2A dehda gk, el
| A gl & YoM AP 4
ojel, W AAA F¥I msior ¥

of AZHZHE (), ()] +HFE F741717] 4
e H 24=o] widis Z4A4E Z7471AY,
L 2% wigxo] Azkg ¥ we-e A
7 471 ek, deg ¥4 7171 ¢i8f
Ae L 28z WY Ad 44 A17]Av H
o} wialo] Azkg Haizlie o},

Fig. 62 #7~#140] si3ete 71et vl
&g 2ol U=, Fig b)) %A%
E AAR 0 A AEFY 242
7121 °4v}. ©9 +5% AAL "= o

e ofn] A wigbge] 4
2] 2 OM 7}—“? Ze Aoz AR,

°i

=
-1—5—],

prds

e

=2
TE
KR

=

o
=
[
3 oF %

r$‘~ B

g}

2 b
o A
—lﬂ On.

lﬂ fo oy ko
23
_PL

=3 @), @A F234 248 AAsE AFF
7 = 2 5 oudA 2485 Fast

} 7aste AL

o+ 47} 9ok,
(0 2AY FAE 344974 4 @ L.
H29s 24 Ade 9147 Agolch, 24

o

L 194.6 1z L 194.7 Hx L 195.0Hz
M 194.8 Hz H  195.2 Hz H 196.8 Hz
L
H H
(a) #1 (b) #2 ©) #3
L 194.1 Hz L 194.5 Hz
o 194.34z W 194.8 35,
H H
L
L
(d) #4 () #5 (f) #6

Numerical simulation results for asymmetric
effects of Dangjwas(* ; Position of Dang-
jwas)

Fig. 5
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Fig. 6 Numerical simulation results for asymmetric
elements
#,* : position of Bosals and Dangjwas
O : Eumtong
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Fig. 7 Experimental set-up for measuring modal
paramelters
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Table 6 Natural frequencies(Hz), beat fre-
quencies(Hz) and damping ratios of
model 1, 2 and 3 (L.H.B and D denotes low,
high and beat frequencies and damping

ratios)
Model . ) 3
Mode
L 272.75 190.75 249.75
H 273.55 191.75 250.55
400 B 0.80 1.00 0.80
D(L) [ 1.0X10™* 8.3X10™° 9.0X10°°
DH) | 1.2x10* 6.9x107° 8.1Xx10°°
L 733.75 531.75 665.55
H 737.50 533.50 667.05
(6,00 B 3.75 1.75 1.50
D(L) | 2.4X10™* 1.5X107* 1.4x10°*
D(H) | 2.3x10™* 3.28%X107% 1.7x10~*

(a) 1st mode (b) 2nd mode

Fig. 8 Measured nodal lines of bell model 2(top
view)
— —— lower mode, ++ + higher mode
D ; Dangjwa, B ; Bosal

()

req,,e"cy §
T

Fig. 9 3-D display of vibration spectrum of bell
model 2
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