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Abstract

In general, human audibility can be limited to 20 kHz. However, it is indicated that the harmonic sound over human audibility
is affected to the sound quality. Therefore, in this study, the sound recording and analysis over 20 kHz are conducted by using
cymbals and the sound evaluation system using Electroencephalogram (hereafter EEG) is also developed. As a result, these
are found that the stiffness of cymbal shape and hammering process are mainly affected to the cymbal sound over 20kHz and
Vickers hardness is primarily influenced affected to the cymbal sound below 20kHz. Moreover, the sound quality evaluation
is tried to record and analyze by the alpha and beta wave of EEG at the calm condition of test subjects.
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Fig.1 Recording and beating points

Table.1 Recording Condition
Sampling frequency [Hz] Recording time [s] Sampling number [-]
100000 0.64 65536

Fig.2 Dimensions of Cymbals

Table.2 Measurement data of two cymbals

Name t, (mm) D, , (mm) D, , (mm) h, (mm) r, (mm)
Company K 0.91 143.75 53.14 36.40 6.25
Company S 0.91 154.65 42.07 31.90 6.48
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Fig.4 Frequency domain Sound Pressure of two Cymbals

X 3@z KBS DAY b /T Kk, K 3ONE SHL L LD AR v a7 T Ao, Al
MR, MEmhSE AR L, TENEWTERL, BWIEEFFREND. AHEAE 2 285 E G 3t
BRCHEET 5 2 LR ENT WS, £72 KA v uE S 4R 0 B & B IR O F E R E <, E b BN
ZENRGD. KAIZ, 24EOFEEOBEE MRS R 2 R T, AN O 20000Hz & CIEBIREZR 2R 1T 2208,
L, EOBEEER AT K AEOFENE. DI &0, RIS E R O BRI LT D
AREMEDN ® .

(2) K& 2 LDOMIAERLER

WX, BRI SEIEIINT, By TR, N~V S, FEINT, BEEZRTEESN D, BAOE
DED T, RIZICE LRO LFER IR STV, 22T, FTEOT TR LMADORBREVEL L,
HAOENEEY BAlREE Wb o~ U 7 TRICER Lz, BRI V<) U 7O S 28 L w72 2
DOV EREL, TOMINEH TR E RS,

© 2014 The Japan Society of Mechanical Engineers



z g
) s N ry
o g ) a
= 80 2 2
g : 7 £
5 £ 5§t &
] 100 3 & i
2 El 2 2
= [} L] 2]
1]
120
140
02 03 04 05
Time [s]
() Dense hammering process (b) Rough hammering process
Fig.5 Spectrogram of cymbal sound
0
[—Dense hammering |
10'1% —Rough hammeirng%
e e i =
- 10'2 L
g ==
o | S
— I
£ 1’
13 | I
g 1}
o
S 1 |
5 = |
& 1]
10°
i 1‘
10 [

|
5 1 15 2 25 3 35 4 45 5
Frequency [Hz] x10'

Fig.6 Frequency Domain Sound pressure of hammering effects
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Table.3 Used materials
Name Sensitive White
Materials Sn 23%, Ti 0.3% Sn 21%, Fe
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Fig.8 Frequency Domain Sound pressure of materials
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Table .4 1/1 Octave band frequency

Lower limit Center Higher limit
Band No.
Frequency fi, Frequency fm, Frequency f,,
" [Hz] [Hz] [Hz]
27 353.6 500 707.1
30 707.1 1000 1414.2
33 1414.2 2000 28285
36 2828.5 4000 5656.9
39 5656.9 8000 11313.8
42 11313.8 16000 22627.2
45 22627.2 32000 45254.8
Table.5 Analysis of variance
Factor S ¢ \ Fo F(a)
A Sa b4 Vi=Sa/0a Va/Ve F(¢a Pe; @)
B Sp b5 Vg = Sg/d5 Vg /Ve F(¢p, de; @)
AXB Saxs Paxp Vaxe = Saxp/Paxs Vaxs/Ve F(paxp, Pe; @)
e Se b Ve = Se/de
T St br
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fan
Z Fw)? €]
fin
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1
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L VU NV OEWNI L D ENRAERBT D720, BN (R EM, 1993)IC K AMEE KT H. T,
T A T VofE], KT BIC e A 280 1), §egmidkz 5 LTtz {TrH> 2 & T,
LR RS, T VLVORERREE L, B MEWVC L D FIEORBEEZRET D, £z, HEEEL 2R
HIZOoh, HEMETT2ZEEHALNTH L0, EHEZHIERE L LTifbRnwz & &35, K510
W#ZRd. 22T, SIREH, ¢lxEHE, Viﬂﬁ TG Fol3rtikt, F(a)FRFMEA ~T . AEMEOHE
%, BEROSBLILE, %KD, FomROMGHRFEaIBIT HRMEF (a) & ik L TiT9.
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HEEZITV, A7 H—T 0 RIZBW T 95%(EEX M 2R 7.
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K9z, 24kDA 7 2 —T 30 RoFTiERZ AT, BT 95%EHEX A& LT\ 4. 500, 2000Hz LIS+ JE
W TITFIC KR L SV OFERE L HD 2 ERNHEI S NS . B TIZEREWICBT 2 EO TR EZ/RT.
FLER B 8000HZ N EEICHBE CTHH Z LR TE D, £, &RENTIE, T 7 VBIR LY S 7 g
DFERTH DA, 16000, 32000Hz DABFEIKIZBW T, SRR LN .

(2) K#EL /LI AELEE

1012, N~V U TGO A 2 —T7 8 RgHfE R4 <3, 1000, 8000, 16000, 32000Hz T/N>~ U
VIBROBEENEL IR D ZENSIND. R8I U TREFFCBIT A TEOERE T, Ao~ oS
SRV D 16000Hz TEEICHE LD 2 N5

Table.6 Analysis of variance (8000Hz)

Factor S o) %4 F, F(0.05)
A 0.80835 1 0.80835 52.975 4.49
B 2.5247 1 2.5247 165.46 4.49

AXB 0.37583 1 0.37583 24.630 4.49
e 0.24414 16 0.015259
T 3.9530 19

Table.7 Main effect of cymbals made by company k and S

1 L F,A F,B
. 500(Hz) 26.7 118
i — e 1000(Hz) 37.0 655
g 2000(Hz) 52.9 165
E 4000(Hz) 6.59 207
8000(Hz) 66.3 220
16000(Hz) 39.3 14.7
oo 2mFrequde(;?gy(H2)8000 R 32000(Hz) 132 111
Fig.9 Octave band sound pressure of cymbals made

by company K and S Table.8 Main effect of hammering
F,A F,B
o = Derse hammering | 500(Hz) 5.17 294
g 1000(H2) 5.11 444
§ 2000(Hz) 353 378
S 4000(Hz) 181
” 80000(H2) 6.73 212
16000(Hz) 21.4 12.6
oo 2°$’,equgg°;’y (HZS)“ o0 e s 32000(Hz) 6.74 16.0

Fig.10 Octave band sound pressure of hammering
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12 Table.9 Main effect of materials

F,A F,B
g, 500(Hz) 125 336
7 1000(Hz) 318 531
= 2000(Hz) 59.7 214
» 4000(Hz) 26.1 290
80000(Hz) 408
o 16000(Hz) 5.61 122
_ _ 32000(Hz) 9.37
Fig.11 Octave band sound pressure of materials
Table.10 Simulated results by finite element method
Cymbal Elements [-] Nodes [-] Calculated Mass [kg] =~ Mass Error [%)]
Company K 127564 256805 1.133 0.875
Company S 128268 258292 1.110 0.541

Table.11 Used physical property of bronze in finite element method

Young’s modulus [MPa] Poisson’s ratio [-] Density [g/cm?]
1.1 x 10° 0.38 8.8

Table.12 Simulated results by finite element method

Name Company K Company S

Max Displacement [mm] 13.2 19.8
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Fig.13 Vickers hardness measurement result
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Fig.17 Sound quality evaluation test result
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