EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-07-04

TT%?é%ef& //\‘)LL:BH—%E%— 382 o
— A& SR & %‘ ETFRIERICE =1 [E£:E ﬁlﬁ

5, [E / KITAJIMA, Takumi

FERRFARZRETR - TEHER

ERAFARFRLE. HBITY - TRHERRE / FHAFERFERCE. BI% - T
FHRRHE

95

1

8
2014-03-24

https://doi.org/10.15002/00010305



ABRZRPRELS - TFHRRBICE  Vol55(2014 F 3 A)

EBKE

FTRES UNIIZBIT I BEREES
- R T—AANIB LA FEICL S EFEEEME -

HIGH FREQUENCY SOUND OF CYMBALS
ELECTROENCEPHALOGRAM (EEG) DATA PROCESSING AND STATISCAL TEST OF SOUND PRESSURE
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In general, human audibility can be 20 kHz. However, it is indicated that the sound over human

audibility is affected to the sound quality. Therefore, in this study, the sound recording and analysis over

20 kHz are tested by using cymbals and sound evaluation system using EEG is developed. As a result,

the stiffness of cymbal shape is mainly affected to the cymbal sound below 20 kHz and hammering

process and Vickers hardness are mainly affected to the cymbal sound over 20 kHz. Moreover, the

sound evaluation is conducted by recording and analyzing alpha and beta wave with statistics.
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(a) The cymbal made by K (b) The cymbal made by S

Fig.1 16 inch cymbals which has different shapes
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Fig.2 frequency domain comparison (Shape)
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(b) Hammering Process Weak

(a) Hammering Process Strong

Fig.3 16 inch cymbals made through different

making process
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Fig.4 frequency domain comparison (Hammering)
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(a) White

(c) Sensitive

Fig.5 16 inch crash cymbals made of a different

material

Tab.1 used material

White Black Sensitive
. Sn 21% Sn 8% Sn 23%
Material .
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Fig.6 frequency domain comparison (Material)
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Tab.2 1/1 octave band frequency

Band Lower Center Higher
No. [Hz] [Hz] [Hz]
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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Tab.3 analysis of variance table
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Fig.7 main effect comparisons of cymbals have different
shapes
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Fig.8 main effect comparisons of cymbals made

through different process

FHHIEEESE 200mm (2 35\ C i LA %k 500HzZ, 1000HzZ,
4000Hz DFBEEDRO LN oT-. N~ v 7 T
13 0B 500Hz, 1000Hz, 4000Hz D% EA4YAR 1 5%
Rz EBDbID. 2T 2000HZ 12351 B ER RN
BN C TR T LT D E 6, FHAEREZ #1235
THEZET RS b EBbhd. L EHEE 8000Hz,
16000Hz, 32000Hz (23517 5 EZhH O ZIXHRHEIZIS U T
ENERT Lo Tz, o BB Hom ik A3 BB H ] L
TEIREPMETTDERET D E, N~ U7 TRIC
BWTEEL KT 0T 8000Hz, 16000Hz,
32000Hz £ EZx HND.

c) L UNILDERM R
BB OFEEIC X D EANRILBRER 21X 9 1R~

0 SN —e—Black (Sn 8 4% P 0.09%) | 00mm

m - a-Black (S 8.4% P 0.09%) 200mm
o1 > >,

Sound Pressure [Pa]

s00 1000 2000 4000 8000 16000 32000
Frequency [Hz]

Fig.9 main effect comparisons of cymbals made of

different materials
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Fig.10 main effect comparisons of recording direction
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Tab.4 specification of cymbal models

Cymbal Elements Nodes Mass [kg]  Error [%]
K 127564 256805 1.133 0.875
S 128268 258292 1.110 0.541

Tab.5 used physical property of bronze

Young’'s Modulus Poisson’s Ratio Density

[MPa] [-] [g/cm?]

1.1 X 10° 0.38 8.8




Tab.6 simulated results
K S

Max Displacement [mm)] 13.2 19.8
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Fig.11 octave band comparison (3 months later)
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Fig.12 octave band comparison (4 months later)

4 r ARICRRICEESTNEN L, "= ) TRy
VO HULE S 8000HZz~32000Hz (2331) A EN
N YTV E ERlo e, N U T TR
it s YAV N S D ST R A= b s AN = Y N

bz 52 2 REMENEZ XL 6N 5.

() LML OFERAMEEEE

et g & Uiz 3 O FME 4T3 L TEE O
WEITol. MEF—BROMEE LT, VnEERLICL
WE WS T ARBBIR A D B i B R BR I LB A BLIC R
HETEDED, By h—AESRABRICI W ERLIZL
WHEERAMICT S, AR O TE, R
F=5[kgflEfE LT, &MEFICK LT 5T 2HlE
U EH LR 21T - 72

5 [EPEHOFHHFER A X 13 1T~ 7.

400

w
@
=5

£

b

w
=

Vickers hardness [ HV ]
2

100 —

Sn8.4 P0.09 (Black) Sn21 (White)

Material

Sn23 Ti0.3 (Senstive)

Fig.13 Vickers hardness measurement result
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Tab.7 Types of EEG and appearance conditions

Types Frequency, Hz appearance condition
d (delta) 1-3 Sleeping (Deep)
0 (theta) 4~7 Sleeping
o (alpha) 8~13 Get relaxed
B (beta) 14~26 Be concentrated in
v (gamma) 27~70 Feeling the fear
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Fig.14 EEG measurement equipment
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Fig.16 16 inch prototype cymbals made through

different making process
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Fig.17 1/1 octave band analysis comparison
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