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A Study on improve sound quality of cymbals

using acoustic analysis and sensory evaluation
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Many researches on sound quality improvement have

been conducted in various musical instruments focusing

on human audibility. However, current researches indicate that ultra-high-frequency over 20 kHz called human

audibility limit affects sound quality. Therefore, the main purpose of this research is to clarify the effect of

various elements that contribute to the sound quality of cymbal by experiments including over human audibility

range. Further, the effect of changes in the exciting force is given to sound pressure is investigated by the

numerical simulation. In addition, Sound quality evaluation of each cymbal is conducted in using sensory

evaluation. As a result, Recording experiments clarify the differences in frequency characteristics with the

cymbal components. Furthermore, the simulation results are found to correspond with the experimental ones.

Moreover, sensory evaluation reveals that effects of sound pressure level difference are given to audience.
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Fig.1 Dimensions of Cymbals

Table 1 Measurement data of two cymbals

t, Db ' Dc ' h, hl' m,

Name
(mm) | (mm) [ (mm) | (mm) | (mm) | (Q)

16inch
0.750 | 144.0 | 585 | 36.8 | 20.1 | 1158

Cup

20inch
0.775 | 131.7 | 70.8 | 395 | 21.6 | 1148

Cup
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Table 2 Materials

Black
Sn 8% P 0.09%

Sensitive
Sn 21% Ti 0.3%

Name

Material
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Table 3 Measurement data of two cymbals
t, t, D, . | D . m

Name ] om) | oom) | o) | oy | @

Thin 0.64 1.51 144.8 58.8 915
Medium 0.71 1.19 145.4 57.1 1134
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Table 4 1/1 Octave band frequency
Band Lower limit Center Higher limit
No. Frequency f, Frequency Frequency f;,
n [Hz] fm, [HZ] [Hz]
18 445 63 89.1
21 88.4 125 176.8
24 176.8 250 353.6
27 353.6 500 707.1
30 707.1 1000 1414.2
33 1414.2 2000 2828.5
36 2828.5 4000 5656.9
39 5656.9 8000 11313.8
42 11313.8 16000 22627.2
45 22627.2 32000 45254.8
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Table 5 Analysis of variance table

Factor S d) |4 Fy
A Sa $a Sa/a Va/Ve
B Sp o Sp/bs Vg /Ve
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Fig.3 Spectrogram of 16inch cup cymbal
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Fig.4 Spectrogram of 20inch cup cymbal
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Table 6 Effect of Cup
Center Board
Frequency | Cup Hammering | Material | thickness
[Hz]

63 1.89 2.36 1.46 38.0
125 0.475 53.0 5.79 4.25
250 5.90 5.89 9.04 1.15x 10~*
500 4.67 0.168 8.49 26.7

1000 30.9 14.4 3.13 6.57
2000 243 0.322 37.2 22.0
4000 4.34 0.0053 194 34.3
8000 6.47 5.32 67.6 52.7
16000 8.83 19.3 63.3 152
32000 12.0 5.60 137 145
12
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Fig.6 Octave band comparison result of Cup
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Fig.10 Flowchart of the numerical simulation
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Table 7 Confidence interval (cheerful-dark)
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Table 9 Overlapping degree of confidence interval
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Fig.19 Octave band sound pressure (cheerful-dark)
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