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21 FHAEFR L

& 0 1 2 3 4 5 6 7 8 9 LB BE TR
C 16.352 | 32.70 | 65.41 | 130.81 | 261.63 A 523.25 1046.50 | 2093.00 @ 4186.01 | 8372.02 1
C*ID° | 17.324 | 34.65 | 69.30 | 138.59 | 277.18 | 554.37  1108.73  2217.46 | 4434.92 | 8869.84 | 1.059463
D 18.354 | 36.71 | 73.42 | 146.83 | 293.66 | 587.33 | 1174.66 @ 2349.32 | 4698.64 | 9397.27 | 1.122462
D*/E® | 19.445 | 38.89 | 77.78 | 155.56 | 311.13 | 622.25 | 124451 @ 2489.02 | 4978.03 | 9956.06 | 1.189207
E 20.602 | 41.20 | 82.41 K 164.81 | 329.63 | 659.26 @ 1318.51 | 2637.02 @ 5274.04 | 10548.08 | 1.259921
F 21.827 | 43.65 | 87.31 | 17461 | 349.23 | 698.46 1396.91  2793.82 5587.65  11175.30 | 1.33484
FYIG® | 23.125 | 46.25 | 92.50 | 185.00 | 369.99 ' 739.99 | 1479.98  2959.96 | 5919.91 | 11839.82 | 1.414214
G 24500 | 49.00 | 98.00 | 196.00 | 392.00 | 783.99 1567.98 | 3135.96 | 6271.93 | 12543.85 | 1.498307
G*IAP | 25.957 | 51.91 | 103.83 | 207.65 | 415.30  830.61 | 1661.22 @ 3322.44 | 6644.88 | 13289.75 | 1.587401
A 27.500 | 55.00 | 110.00 @ 220.00 | 440.00 | 880.00 @ 1760.00 | 3520.00 | 7040.00 | 14080.00 | 1.681793
AYBP | 29.135 | 58.27 | 116.54 | 233.08 | 466.16 @ 932.33 | 1864.66 @ 3729.31 | 7458.62 | 14917.24 | 1.781797
B 30.868 | 61.74 | 123.47 @ 246.94 | 493.88 | 987.77 @ 1975.53 | 3951.07 | 7902.13 | 15804.27 | 1.887749

1
_ g3 (Hz) | 880 1760 2640
Birlig = (H2) |W9| 1m1| |2M0|
"‘ ‘ ..;; a4
Nl P d)@l
200 ‘ :' < - ’ "— \‘

p(t)

time

(¥ =
8

: Hz)

79 2640
1761

oo

Gpp(f) (dB)

5833
7

9121

11440

1
fregency (Hz)

THHE

JEWE(EI']I-VUHJ

E%Fsﬁ (EITI sec)

05
UE' '

g ’g@]%ﬁ;ﬁpﬁ*ﬂﬁ_gg

Chinese Society of Sound and Vibration

e
disp  gq \ L

*‘r

Z\ ’#"‘%_’55@.

,@mﬂﬂﬁ;‘ ;H‘ ‘JF]‘
ﬁgi%lgﬁiﬁﬂg%g » ¥

180

160

T4

120

&l

GO

4

20

\/\~\/\ AN
ARAYA
| I
]
o OOy Q0 000y ACHOuCY
500 2 5000y B5000) 4500
IFHE'.Q
Bl 3A5 4 F & 2 47 5 B 0 B

W R RCE 2

BF R Jk#&'ltﬁ"
L@ Fldcd 2 4 AB R
thf‘lﬁqﬂ*@iﬁ\" ’

PREE R

B

;;tr—ﬁ'%;
£l A5 AT Y

oo

B3 5 A5 F

FEACE Y BT

R e =

3 g

iﬁ’;‘“

S0

RIIFEC k7
e S RN

i
i

£33

E:
E
)
4

b2

7
2

P ik

7
7

w
=

]

d
3
S

]

y_
i
#

=

B

WF YRR

BRI Rk

F&F&ﬁf‘dé\‘-ﬁ D8
FPamz By

ﬂ@m&@ FHE o

S

g {7t §+ ’ «uf’f'!ﬂ:'%

.3?4*¢ﬁ

**%@%“7%qwﬂ§z@;+1mnum,ag

/F’ m%‘q”?‘—r

B EES S G PRR R

FEEEL FFFR) DR E g FRRLET
~ﬁ§ ERF5 094



FoLEY FAREFEERF IEFFEE CEF P EAR-O-#2 7 Lo p
The 20" National Conference on Sound and Vibration, Dacun, Changhua, June 16, 2012

% 3 2RI ASMBTF 2

B 0 A

2 AT
(H2)

£l

ET T
(H2) k

% i# (Hz)

WAF AW

(%)

SN

PEARE | REF LR
(Hz) i# (Hz)

FHHEALTR
a (%)

w
S

880 879 1.000 -1

-0.11

+0.346 +3.04 =

1760 1761 2.003 1

0.06

+0.346 +6.09 -

3.003 0

w

2640 2640

0.00

+0.346 +9.13 =

0.94

21

I T Ko R ﬁ}fA5]§=?Fﬁ"*tF"—§iﬁa%
Fawi(ede 35 88598R)-
W2 AL $ B2 %—'—“ i 45 % 5 880(Hz) » o
37 @ RRIE R OEFAE S P L
vk BE G BRrho
AR FLBHEESHF AR  Hap
M B L5 4g - a R U RS
‘%%‘ Penia k3 E g Bap2 254 £ 3
FETAS IR BT ﬁ_‘?a‘ ”‘*Jf:"‘f”}"
a"*‘iiﬁ FREAFEOET o RRE IR
T FAR RIS #5?&%5{;7«&”4\* R E
Ea LL%f%‘%s_a%gg d BREMZFRFE 094

3. AR FHmEL R
Bl4:2kAR2ZHFR 45 5 MELIO3-MH(#
:E).vi' ME105 -S(# ) Fa(2 ¢ Ao\?a],u MH 2 S ik

\'1:1.

#e A
>
~

=
G]

_L

@

) T MR T (AS)E e Rl
f—»Fﬁ]SPfE’FE]G?» AR FremE ASBTF T 2T R
SHFER O FERT gL R RS

3T PP~ 6 ¢ ﬂq%ﬁm’&%i{‘— #xgHE dB &>

%ffrm”‘%"% APHEFREREZ BRI SRR
FA 9%@73713—"%—5?3‘1&'?7.&@
249 MH b3 47 5 2641(Hz)$ 2% dB
i 111.4(dB) > ¥ S FHe i %3 4 & 880(Hz)F 5 % d
W % 106.9(dB) & B v H5 % dB # wEr d w4 A
fﬁi_ﬂ’if%ﬁidBm‘}l*‘ZOdB b pES R R
I dB BB AE S o kd £ 47 ‘[FT e
*?‘* SEER R TR RREI T BESES T B
77”?1‘ 1 MH ?Jﬁﬁpﬁ‘— A PR PRt A 0 ch dB
HEMRRE A S FRR AR R MRS > AT

W@””Bﬁmmﬁ’d“ﬁﬁw A AT T B b
R LS FIL o SORIRIE L

ME103-MH 53

ME105-S #k 58

B4 2 FHEZBTERE
FARERH LR 1T ¢
Chinese Society of Sound and Vibration

120 T T T T T T T

Gpp(f) (dB)

80 O
o
100 | 1762 |
0,
9125
= 7024 0, e
80 | 5837
5207 Q)
3910
60p) M o © 7894 R
i V| 0 112
40 \\L(‘ I/ i 19758
[ M o Ll Q
| ) u‘(‘mv M‘ 1
200 i % s |
G I I L L I I L L I
0 02 04 06 08 1 12 14 16 18 2
Frequency (Hz) x 10

Amplitude

¢ : ¢ : : :
15 2 25 3 35 4
Time (sec)

(a) ME103-MH (4 £f)

4.5

Amplitude

. c
35 4

c c
25 3
Time (sec)

(b) ME105-S(#x &7 )
B5 7 FAEFRRTF ASHBT P 2SR

. c
15 2 45

2641

T T
ME105-S

B16 7 AT B F e AT 1 2 47 5 5 B



FoLEY FAREFEERF IEFFEE CEF P EAR-O-#2 7 Lo p
The 20" National Conference on Sound and Vibration, Dacun, Changhua, June 16, 2012

4 2P HRFreRE 2 BF 58 B4
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5 B8 Fel 3 A3 H FRIEIETE 4
PEHES  BREF HFEL O EFFEE OEIFFELF

2 pe F B
A fe (H2) (Hz) & (Hz) £ ®(H2) A1 (%) L
F4 349.23 350 0.77 +1.21 0.22 3.74
F*4/1GP4 369.99 370 0.01 +1.28 0.00 4.81
G4 392.00 392 0.00 +1.36 0.00 4.49
G*4IA 4 415.30 416 0.70 +1.44 0.17 5.34
Ad 440.00 441 1.00 +1.52 0.23 3.06
A*4/B4 466.16 466 -0.16 +1.61 -0.04 3.03
B4 493.88 494 0.12 +1.71 0.02 2.36
C5 523.25 524 0.75 +1.81 0.14 4.09
C*5/D5 554.37 555 0.63 +1.92 0.11 2.29
D5 587.33 588 0.67 +2.03 0.11 1.75
D*5/EP5 622.25 622 -0.25 +2.15 -0.04 1.88
E5 659.26 659 -0.26 +2.28 -0.04 2.27
F5 698.46 699 0.54 +2.42 0.08 2.68
F*5/GP5 739.99 741 1.01 +2.56 0.14 1.53
G5 783.99 785 1.01 +271 0.13 1.75
G"5IA"5 830.61 831 0.39 +2.87 0.05 1.11
A5 880.00 880 0.00 +3.04 0.00 1.63
A"5/BP5 932.33 933 0.67 +3.23 0.07 1.58
B5 987.77 990 2.23 +3.42 0.23 1.70
C6 1046.50 1049 2.50 +3.62 0.24 2.48
C*6/D6 1108.73 1109 0.27 +3.84 0.02 1.89
D6 1174.66 1176 1.34 +4.06 0.11 2.76
D*6/E"6 1244.51 1245 0.49 +4.31 0.04 251
E6 1318.51 1319 0.49 + 456 0.04 2.29
F6 1396.91 1396 -0.91 +4.83 -0.07 2.64
F*6/G6 1479.98 1481 1.02 +5.12 0.07 2.43
G6 1567.98 1565 -2.98 +5.43 -0.19 2.85
G"6/A%6 1661.22 1662 0.78 +5.75 0.05 2.92
A6 1760.00 1757 -3.00 +6.09 -0.17 3.77
A"6/B6 1864.66 1869 4.34 +6.45 0.23 2.37
B6 1975.53 1973 -2.53 +6.84 -0.13 3.04
C7 2093.00 2095 2.00 +7.24 0.10 2.76
C*7/D7 | 2217.46 2219 1.54 +7.67 0.07 2.59
D7 2349.32 2353 3.68 +8.13 0.16 3.14
D*7/ EP7 | 2489.02 2490 0.98 +8.61 0.04 3.17
E7 2637.02 2638 0.98 +9.12 0.04 2.78
F7 2793.83 2795 1.17 +9.67 0.04 3.59

ML B MAILAF FIFEAT A M5 0.346% -
M OABTFEHL WH(©) #H(O) > ¥ 7T (A) -
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6 R FB TRl L ET RS A
¥ - B 5 () ¥ = B 5 () ¥ = B 0 5 (f)
3t Eppgs AP gapps BRCUL gopgas ARD

(Hz) (f,/ 1) (Hz)  (f,/ 1) (Hz) (f;/1)
F4 350 1.00 703 2.01 1046 2.99
F4/G4 370 1.00 745 2.01 1105 2.99
G4 392 1.00 788 2.01 1171 2.99
G*4IA"4 416 1.00 838 2.01 1243 2.99
Ad 441 1.00 889 2.02 1319 2.99
A4/B"4 466 1.00 941 2.02 1398 3.00
B4 494 1.00 993 2.01 1474 2.98
C5 524 1.00 1051 2.01 1562 2.98
C'5/D"5 555 1.00 1113 2.01 1652 2.98
D5 588 1.00 1181 2.01 1755 2.98
D*5/E"S 622 1.00 1249 2.01 1859 2.99
E5 659 1.00 1324 2.01 1968 2.99
F5 699 1.00 1404 2.01 2087 2.99
F'5/1G"5 741 1.00 1485 2.00 2208 2.98
G5 785 1.00 1570 2.00 2339 2.98
G*5/A"5 831 1.00 1666 2.00 2481 2.99
A5 880 1.00 1764 2.00 2642 3.00
A’5/B"5 933 1.00 1870 2.00 2783 2.98
B5 990 1.00 1986 2.01 2960 2.99
C6 1049 1.00 2101 2.00 3150 3.00
C'6/D" 1109 1.00 2210 1.99 3326 3.00
D6 1176 1.00 2341 1.99 3516 2.99
D*6/E% 1245 1.00 2477 1.99 3730 3.00
E6 1319 1.00 2623 1.99 3944 2.99
F6 1396 1.00 2783 1.99 4179 2.99
F'6/G"6 1481 1.00 2970 2.01 4431 2.99
G6 1565 1.00 3158 2.02 4709 3.01
G*6/A% 1662 1.00 3334 2.01 4998 3.01
A6 1757 1.00 3526 2.01 5288 3.01
A6/B%6 1869 1.00 3740 2.00 5589 2.99
B6 1973 1.00 3933 1.99 5927 3.00
C7 2095 1.00 4143 1.98 6259 2.99
c*7/1 D7 2219 1.00 4455 2.01 6656 3.00
D7 2353 1.00 4717 2.00 7040 2.99
D*7/ E°7 2490 1.00 4980 2.00 7469 3.00
E7 2638 1.00 5276 2.00 7920 3.00
F7 2795 1.00 5619 2.01 8375 3.00
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Harmonics Sound

Bor-Tsuen Wang?, Shih-Pei Dung’,
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!Department of Mechanical Engineering
National Pingtung University of Science and
Technology
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ABSTRACT

This work aims to evaluate the sound quality of the
special designed metallophone that consists of three sets of
octave musical scales by objective and subjective methods.
The sound characteristic for one of the metallophone
plates is first studied by measuring the percussion sound
spectrum. The pitch of the metallophone plate can be
characterized by the first modal frequency, and the
overtone frequencies that are those natural frequencies of
higher modes maintain integer ratios with respect to the
fundamental frequency. The pitch, overtone and continuity
of percussion sound for the metallophone plate are
characterized to show its physical mechanism. The effect
of different mallet hardness on percussion sounds is also
presented. The metallophone is shown with very good
pitch frequency for each musical scale and revealed
harmonics for the first three dominant frequencies. The
overtone is in harmonics, i.e. the set of partials is whole
number multiples of the fundamental frequency.
According to the subjective evaluation, the pitch for each
metallophone plate is quite correct. The percussion sounds
generally reveal good content of overtone, except some
metallophone plates may produce diverse sound. This
work presents the evaluation of sound quality for the
metallophone and can be applied to other percussion
instruments as well.

Keywords: harmonics sound, metallophone, sound quality,
mallet.

PERRRER SRS 1RS¢
—— Chinese Society of Sound and Vibration

N



