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Korean pyeongyeong, a set of sixteen Lishape chime stones covering one and one third octaves, is a
standard instrument in the Korean traditional court music. We analyze the vibrational mode frequencies in a
pyeongyeong replica which is played at the National Center for Korean Traditional Performance Arts and
pyeongyeong remains which are exhibited at King Sejong Memorial Museum. The modal shapes on the
Whangjong, the lst stone and Cheonghyupjong. the 16th stone mapped by scanning accelerometer, TV
holography and STAR system. The nominal frequencies in pyeongyeong replica at the National Center for
Korean Traditional Performance Arts increase linearly with the thickness of the stones and the tones are
tuned in line with the musical scale of Sambunsonik. The sexagenary cycles on the pyeongyeong remains at
King Sejong Memerial, which show the year of product indirectly, are different each other and the tones are
not tuned in scale. The relative frequency ratios of each modes on stones differ more than just-noticeable
differences from those on the pyeongyeong replica. Modal shapes are same for the two stones regardless of
the thickness.
Keywords: Pyeongyeong, Modal Frequency, Mode Frequency Ratio to the Fundamental Frequency, Modal
Shape, TV Holography, Modal Test
ASK subject classification: Musical Acoustics and Psychoacoustics (8.1)
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Fig. 1. Bian Quing, Chinese stone chime from Tomb of Marquis
Yi. {Musem of Hubei. Anyang. B.C. 433),

38 2. ZYAICKS] BIY (MY YEe AF)
Fig. 2. Pyeongyeong, Korean stone chime. (Musem of University
of Sungkunkwan, AD 15-18 C).
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(a) Names of parts on a gyeong
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Fig. 3. Side view and dimensions of pyeongeong.
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Table 1. Sexagenary ¢ycle and thickness of pyeongyeong at King

Sejong Memorial.

year of year of
note| product [thickness| note | product [thickness
(B%)|(sexagenary| (mm) |(8H)|(sexagen| (mm)

cycle) arycycle)
2E - 26.16 | 0|3 - 41.14
CH2d TH 2858 | e R 43.14
ERF BiR 29.66 | 74 Tk 46.68
EES il g 30.78 | 88 Tk 41.92
IM %R 37.43 (eSS - 48,21
= iR 35.29 |EdiE| =& 52,27
ol -4z 4415 (e - 47,60
AE AR 39.25 |EEE 8K 54.94
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L 44,000 Hz o|W, 0.3 Hz9] S =S Uehdct 1678
9] A4 F FF3 APF9 2AAUEHL FFT #4
718l Ono Sokki 3502.2% EAE|Qjon WinMLSY]
4279} Ono Sokki 3502 £4) Avhe UX)3pgch
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FHE A7 T2 E 48,

A A AL A7z AL 7RIAFEA A
o] B wet ZMGEAE olFAZIEA v E e
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Aok, AME 7MEAlE 2.0g PCB 7H&%=A (PCB,
303A sn 161072 =4 HL + 50g, = +490 N/m2
olt}, #dE=E 0.01g, & 0,098 N/m2 ofct, AR
Aol AZAEE 10 mV/gol R, A EHE 1 Heel
A 10 kHzolt}, B4 elA 9ol AH4E 81l bg Al
A7 A FEIUZ 7SI,

T oHge TV 222y PHes F2 e M
AZ o|R3tupiog B o= Stetson Associate
Al A ARkt 2F4R]QF Recognition Technology At
o] Alo] Z2IYE A3}, AEEA = I 49
Z}, TV E2adul X9 AFRSE X3k
83 Hho|th9), $59] A9 B £-9o RS
£ o, AsdAvle] a2E YR ARsRe
o, Ago| & FPFLE A4} R=IYR 7RIAF7]
oARF7| W2l Alo]H (Briel & Kjel, Type 800D)E ©]
S8ttt

‘Vibration isolated table

338 4. (a) TV Holography 418 FA, (b) YAISS £0(7) 2I5) Al
= @8 gy
Fig, 4, (a) Experimental set up for TV holography, (b} The stone
mounted for TV holography. To improve the reffection
coefficient, developer (Magnafulx ZP- 9F) is sprayed on
the stone.

Al MAs FAUAR 718 L= SHE4HE &4
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Testing, Analyzing and Reporting)S AMESHe 54
e RIS H¥ AR 2¥ 79 Lok

3% 5. (a) ARG 0182 2= A FR), (b) AHF| MSe! BE
Fig. 5. (a) Experimental modal testing set up with impact hammer
(b) Hanging the 1st gyeong.
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Table 2. Intonation of twelve Yulyeo by adding and subtracting
one third of lengths,

eJ intonation

not length of bamboo pipe of Korean

music (B)
&I\ 1.00
AT| 1x2/3 = 2/3 1.50
3| 2/3%4/3 = 8/9 1.13
=t2i| 8/9%2/3 = 16/27 -1.69
M 16/27%x4/3 = 64/81 1.27
2%(64/81x2/3 = 128/243 1.90
411 128/243%4/3 = 512/729 1 1.42
CHed| 512/729%2/3%2 = 2,049/2,187 1.07
0]2)] 2,049/2,187%4/3 = 4,096/6,561 1.60
#ZE(4,096/6.561%2/3%2 = 16,384/19,683 | 1.20
£9)8,192/19,683%x4/3 = 32,768/59,049 1.80
2
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Table 3. Thickness. nominal frequencies and intonations on the
notes of pyeongyeong at National Center for Korean
Traditional Performing Arts.

hickness nominal | intonation | intonation Lﬁlﬁgmﬁ;

note fnm) f{%m 3;0?’;?&? ﬁi;g?g? Korean musical
scale(A/B) (unit: ¢)

BE (2735286 | 1.00 1.00 0
o2 [ 28.8| 5625 | 1.06 | 1,07 -5
EfE [29.5]1 596.0 | 1.13 1.13 1
HE (31516290 1.19 1.20 -17
oM (3256685 | 1.26 1.27 -1
=8| | 34.0| 708.8 1.34 1.35 -14
el | 35.5| 749.4 1.42 1.42 -7
% |37.5) 787.6 1.51 1.50 10
O|& | 40.0; 839.4 | 1.59 1.60 -15
=2 142.0| 894.2 1.69 1.69 4
29 1450)| 9499 | 1.80 1.80 -5
2% 147.0|1003.3] 1.90 1.90 0
HEEE 49,0 (1089.9] 2.01 2,00 4
Aoied| 52.0(1122.3] 2.12 2.13 -9
MefFE| B3.8(1190.6| 2.25 2.25 2
XHHE| 54.5(1262.8| 2.3% 2.40 -10
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Fig. 6. Thickness and nominal frequency of pyeongyeong at National

Center for Korea Traditional Performance Arts.
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Fig. 7. Relative mode frequency to nominal frequency of pyeongyeong

at National Center for Korean Traditional Performing Arts.
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Table 4. Comparison of thickness, nominal frequencies and
intonations on the notes of pysongyeong at (King
Seiong Memocrial) and the (National Center for
Korean Traditional Performing Arts).

relative
NCTPA, votors | ey
Preongyeong al KSM Center for Korean | 110 of
King Sejong Mamoriat Traditional PY20nRgyeong
note Performing Arts g{%}f
vn‘?:l{u?ffactur hckmd?r%g'ugﬂw thicknessy zz_?qtaelm ﬁ;t:iw cend
iys&x:}genaw LI Pt mm) [ @'g) (¢)
25 - 26.2|641.3|27.3|528.6 | 1.21 | 335
Ci2q Tk [28.6]562.5|28.8[5625{1.00| 0
= RE |29.7|587.4|29.5|595.0| 0.99 |-22
BE AR |30.81619.14 31.5]| 629.0 | 0.98 |27
M 2R |37.4{690,3|32.5(668.6| 1.03 | 66
=9 B | 36.3(714.0134.0]| 7088 1.01| 13
el mEc | 44.2|794.7]135.5| 749.4 | 1.06 | 102
LE PR | 39.3|785.4(37.5|797.5| 0.98 |-26
0% - 41.11839.4(40.0{8394(100| O
=ha2d ®E [43.1)882.4]|42.0{894.2 | 0.99 |-23
£ TH |46.7(900.4]|45.0|9498,9| 0.95 |-93
= TH |41.901077.0047.0 [1003.3] 1.07 {123
IS - 48.2 |1069.9 49.0 |1059.9| 1.01 | 16
A %R {52.3(1151.0052.0(1122.3] 1.03 | 44
HEpF - 47.6(1193.1] 53.8(1190.6| 1.00 | 4
HYZE| HER [54.9(1129.8 54.5(1262.8| 0.89 |-193
1300
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Fig. 8. Thickness and nominal frequency of pyeongyeang at King
Sejong Memorials.
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Fig. 9. Relative mode frequency to nominal frequency of
pyeongyeong at King Sejong Memorials.

4.3, W79 XIFUCHWE] (Modal shape of
Pyeongyeong)
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Fig. 10. Modal shape on the 16th stone, Cheonghyupjong.
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Fig. 11. Modal shape on the 16th stone, Cheonghyupiong by TV
holography.
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Fig. 12. Modal shape on the 1st stone, Whangjong by TV

Holography.
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Fig. 13. Modal shape on the 1st stone, Whangjong by mode
test.
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