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Abstract: An optimal shape design algorithm is suggested to systematically design a traditional Korean musical
instrument, the Pyeongyeong. The Pyeongyeong consists of 16 different chime stones called Gyeongpyeons. The first
natural vibration frequency of each Gyeongpyeon must be adjusted to its target frequency, which is determined by the
traditional sound tuning method. The second and third natural frequencies must be proportional to the first natural
frequency with a specific ratio (1:1.498:2.378). The key idea in our suggested design algorithm is to use the sensitivity
of natural frequencies to the variation in the length of each side of a Gyeongpyeon. The dimensions of five different
Gyeongpyeons are determined by following the suggested algorithm. Changes in natural frequencies with respect to
local thickness variation are closely investigated to compensate for errors that may occur during manufacturing.
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Table 1 1™ natural frequencies of each Gyeongpyeon
determined by the Korean traditional tuning

method ®
&9 F3(Hz) ==
() 532.62 C5
o (R) 563.21 C’s
B (CK) 593.34 D5
HH) 633.61 D%
L(fk) 667.50 ES
= (fif) 712.81 F5
(58 750.94 F*5
A 791.12 G5
o](5%) 844.81 G*
FH(H) 890.00 A5
F-(4) 950.41 A"5
= () 1001.25 B5
&) 1065.23 C6
EION 1126.41 C’6
(L) 1186.67 D6
4 () 1267.21 D%

=

(a) Pyeongyeog

s

(b) Gyeongpyeon

Fig. 1 Pyeongyeong and Gyeongpyeon
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(a) Mass measurement (b) Impact hammer test

Fig. 2 Preliminary tests to obtain the density, Young’s
modulus and Poisson ratio of a chime
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Fig. 3 Frequency response function

(b) 3" natural mode (4464.2 Hz)
Fig. 4 Natural modes of the specimen
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Fig. 5 Analysis model and finite element model for
vibration analysis on a Gyeongpyeon (6=114)
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Table 2 Coefficients in the relationship equation (2)

S, = %’: e P R 0 VR
j=1 0.1032 | -1.8061 | -0.7752 | -0.4698 | 20.116
j=2 24776 | -1.8264 | -1.7890 | 0.1302 | 29.078
=3 12300 | -33172 | 3.1801 | -1.9459 | 44.123

200

(é) 3" natural mode

Fig. 6 Vibration modal analysis results for a Gyeongpyeon
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Table 3 Dimensions of 5 Gyeongpyeons obtained by
following the design algorithm in Fig. 10 [Unit:

mm]
= o= i b I i, Is
Iz 150.80 | 44573 | 289.57 | 15256 | 25.06
tE! 150.82 | 446.17 | 28834 | 15206 | 27.12
5 15049 | 44733 | 28599 | 15206 28.62
A% 15040 | 44864 | 28291 | 15156 30.62
A 14921 | 449.19 | 28293 | 14831 3233

Table 4 Vibration characteristics of 5 Gyeongpyeons
obtained by following the design algorithm in
Fig. 10 [Unit: Hz]
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