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%1 q PbﬁF' = ﬁ%
3 & 0 1 2 3 4 5 6 7 8 9 LB R
C 16.352 | 32.70 | 65.41 | 130.81 | 261.63 | 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 443492 | 8869.84 | 1.059463
D 18.354 | 36.71 | 73.42 | 146.83 | 293.66 | 587.33 | 1174.66 @ 2349.32 K 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 | 164.81 | 329.63 | 659.26 = 1318.51 2637.02 | 5274.04 | 10548.08 | 1.259921
F 21.827 | 43.65 | 87.31 | 174.61 | 349.23 | 698.46 @ 1396.91 @ 2793.82 K 5587.65 | 11175.30 | 1.33484
F//G® | 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*IA° | 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
A”/B® | 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 A 1975.53 | 3951.07 | 7902.13 | 15804.27 | 1.887749
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- (Hz) (Hz) % & (Hz) (%) v (%) (Hz) by
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2793.82| 2828.00 2.02 34.17 1.22 +0.346 +9.70| 8.25
4190.73| 4128.00 3.000 -62.73 -1.49 +0.346 +14.55
d BRI EFAEFE- K F6 g An T
POBEHARS SF(fdE B3 HEFR) .
> F B FprF6 ¥Rz ¥ A 4E L 1396(Hz) o
d 237 B e E RSB R
PRP o ad B ERE
> F¢ IR IBHEEFMESEAT  Hap
MO BRI MF v iid o B RS
PIFL P RFNEG B LS o
#37VHETF6 B A RBTE Y TG
Ar'} o
> O FERLIBFEFFORET I RRFIAEE
FRFAR) P R RARE > 1 AR S R CEELD)
FoAx Jﬁf o RH D d FREFIL R ”
%% 8250 * Bl 47 s
. ) X .4 F6 333 B ;
3. zrﬁﬂ?awﬂ@ﬂia@um 24 FEARFrEEHAY L hESE R
W4 i3 kT am, 2 éﬁﬁ%%i”% w0 s
AR WER- P RS R F R (F6) R S g o——
lmw'%4ﬁ%51kﬁrﬁuﬂf%m%%?a w| o
p%ﬁ“fwﬁ]bkwt? 3 ’Hg];’ 'i_ )f“\' ¥ gl o d ‘H:?} %@? —% o 02 04 06 08 1 TPRERY 16 10 2
? ﬁ\mg‘— ’tF‘ "} 1 J MT?J‘)')% T ’ﬁ\‘ = @—I —JF% EIJE 1396(Hz) | x 1288 | 2828(Hz) -
83)} E’f”—f: /E\ _‘$ < e ‘fﬁ, ) _\5" E sar4 ’}’F %{L —!i,—j»%’\y}‘I* -?’— ] ‘H:E\— ZGFMI ! TS | ' 4123“'12)
SN EA LS D L WNIRREE & s % Il = « | 8T i St =l
R kR o | F o
620(;: 1000 1500 2000 2500 3000‘ )3500 4000 4500 5:0I00
frequency (Hz]
P . THRE
. _ .
3 51_
a3 % 0.5
"jf: % ,
p:d 00 0.5 1 15 2
2 ESFS (B {17 -sec)
)
IR
* 5
EY 102 825

% PEARER SR 1RS¢

Chinese Society of Sound and Vibration



FoL- BV EARESEED L REMEHE B d A pER g

FAR-Q- &= "L 4p

The 21" National Conference on Sound and Vibration, Taipei, June 29, 2013

%5 FORBIFL AELRRL a5 ERIES

il

p?? L X:0.429 1
Y: 3.052e-05
Fy& Z 0 u
a
o 05 1
100z 04 06 o8 1 1214 16 18 2
time
1399(Hz) el 2831(Hz) 4134(Hz)
o~ :
”;F" g2
g};« ‘% 40
. @ 60
B
80! H {5 ] .,:’: ::::‘?llllllllll ‘e
000 i000 1500 2000 2500 3000 3500 4000 4500 500
frequency (Hz)
253 EGEE
15 -
&
# | 2| |
al
;ﬁ;\- 10 05 q
" I
,_‘%.
. 0
b4 0 05 1 15 2
2 R FE] (R {if sec)
JER

#1E EwE

%
. |_wE |
* 101 12.56

4, BHeHIABFEERI PTG
@5;%$ﬁﬁm2%85§Hﬁ@ﬁﬁﬁ%%
Eodm 2B 8 AR FERwd L FHHEFRALEEL

st,%aﬁ Flre 7 H kLR T RS S
lFﬁ%"q SRR ik o
PR AT T R R BT
BT T A ATl 58
FERE S FLEREF TR
> BRI FIEAT ARG &
iomwwm’d%4@$@waﬁ@gma%
r:};{g‘iptﬁ_u._ak lpff?”b'”tﬁ'\ﬂifd?
%—'wa’ HAL R
¢ 1d &5 @ w2 LIPS
3%,u§u—l K AAR S EFHEFY
br %= B34 X g abr tetd ¢ S 6T ls
2-32 B L MeaRma sy s
2P e
%ﬁ&'d%4@$¢%%m@%f"“$&
%ﬂ’u@m%““xﬁum%% 1k ek
BT o d "'““L—‘ir—"'f‘“",é"fﬁ-% i
PR TP G R o -

&
¢

R E
?\‘j‘r

- r

Q‘j‘ﬁ\uk“

%

&

w%'q n\@ ?L}
.%ﬁ

U .ml‘y*m‘_}x- |\

ETRS
W

Y

PEARRS RS 12§

Chinese Society of Sound and Vibration

BIS5 2B8ARF

it sas s F e
5. %

Eii’iif?##ﬁ
> O GEe ERRAEFGMI FIFELT AR
L+_+0346%w Ao R TR F Y L k7 &
m1m’g vl L AT BBIES T M
IPLJQ&F% ’ EI“%”‘I—EL—P%?T&
] "Q‘TZ\GMTT PR E MBS B
'am%?”’ﬁmpﬁﬁ§w’ v A2 E
BEVET E AR F
EAERE TR o FE Zr’;’)% ﬁ;?

o l—l % mly

/\\

S
4
¥

A\
ol

S,
\
= ol

i+

gt
m‘-%‘lx S pd
."_“1
‘-ht
£ -
o

«
T
o

gg%agﬁwi%o
> O EFEFIAR G SREFEINFEE A FR
TR e A RPH TR %?”\mi

d Sk %K@ﬁ%”” EFEFTRPSFY
BERP TR &kiéﬁ%ﬁﬁki“ﬁ
I -

MRy Fetimis Eamgy - 3
dEPFFRES T VAR S 0 F Ee F G
FreranEL o FRE AL KRG o dok T 47
70 B5 F6-G6 = F I F L P EINFFF LT

FTRF e 0 pd FRDEIRT pOAG B 41 b
BB AEPRORENERT > RREIR I ERNE
TR AR REERRA FRE T 2 RS
PR PR ERR FRTF

%**fﬁﬁmﬁaﬁ%@’ﬁqﬁiwxaa
%t/?]‘,é’ RS g‘%&ﬁ'ﬁv‘t’p O lé]’;?‘,g % 4]
AR T BT LFEY L FFEL B o

6. Xt

BEHEERIFRFF I R ERTFRES LT
%»ﬁmﬁ+m%,d*ﬁamﬁﬁ?a 75 R
TR F g B> d RRHEE S0 2 REF S
4E_1ﬂlf’ ,éf J;LM?'—ABHIET—T '-b,;\; °
N
[ 24t @FE2012°T 55 @45 23

W o E %m@mgf,@ % | 377556

5o (LW T 12012 & 11 7 21 p % 2030 &

91 9p)



Bodo B¢ EARESSES IESEHE R A pRAE P EAR-

OQz&#=21-2+4n7p

The 21" National Conference on Sound and Vibration, Taipei, June 29, 2013

[2] Wang, B. T., Chien, H. M., 2012, “Board Capable
of Generating a Harmonic Sound,” United States
Patent No.: US 8,299,342 B2, Date of Patent:
10/30/2012, Effective Date: 3/15/2032.

[31 Wang, B. T, Tsai, Y. L., Chen, P. H., Chang, H. Y.,
and Yu, K. T., 2013, “Design and Percussion
Sound Evaluation of Harmonic Glass Plate,” 20th
International Congress on Sound and Vibration |,
Bangkok, Paper No.: #431.

[4] AR - Rl 8 2007 - TERF Y RS e

B M2 $E 02007 ¢ EARG FEEE G
LS T S M
5] 2+ B2 s> 2010 T4 FL B B B
TR R ) %%ﬁiﬁéil’¥3%§v¥2ﬁﬂ’
% 17F
[6] 24t fﬂﬁ’wiﬁ’ﬁL?ZMIFZk

#?*%%q%ﬁ WP EARLEEE S
-ty gmpgg,%#v,%o%%cm
B mE R B gk s FpEF 0 20000 T #
st—a%aﬁi‘\i%i“ B ¢ EARG EEE
= EEPFIE 0 5P e Y26
ﬁﬁ TP GEE 52 F 02012 TH
FERTHARFEFT L 85 &R 0 ¥ -
LY EARERRFE RS RS EEEE )
0 e Ssh
[0 2 4att - g B4 > 2006 - "
FLER o ¢ FARS FF
HEHTE om0 HhT MY

[7]

(8]

yﬂuﬁﬂwwl

#th g B
B B R

?1’45

Sound Quality Evaluation for
Harmonic Glass Percussion

Instrument
Bor-Tsuen Wang', You-Luen Tsai®, Po-Hao Chen®,
Kuan-Te Yu®, Hung-Yie Chang®
Department of Mechanical Engineering
National Pingtung University of Science and Technology
Pingtung, 91201, Taiwan
Abstract
This work aims to discuss the percussion sound
characteristics for the harmonic glass percussion
instrument (HGPI) that contains two complete octave
notes. First, a harmonic glass plate (HGP) is evaluated for
its percussion sound. The fundamental frequency of the
HGP that is the first mode of the plate denotes the pitch of
a note. The second and third modes of the HGP have the
multiple harmonic effects and consist of the overtune.
The percussion sound of HGP is characterized by the
pitch, overtune (or timbre) and continuity as well as the
modal characteristics. The percussion sounds of HGPS in
free boundary and different fixed conditions are also
measured to discuss the effect of bonding materials. The
set of HGPI reveals quite good sound quality in terms of
the pitch and timbre as well as the continuity of
percussion sound. In particular, the harmonic sound is the

VEARRS SR 1RT ¢
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special effect as well as the glass material. This work
provides an objective evaluation on the HGPI that is
potential for commercial product.

Keywords : harmonic sound, glass plate, sound quality,
different fixed conditions
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%6 BRI PR T e LFHFFI T £
5 - 5 % (h) EEE L) EEE L E0)
B0 | B | RNV g | BRP | goppaga | B 1D
Hz | (f/f) | oy | (F,/f) | (Hy | (f,/1)
F5 693 1.00 1392 2.01 2050 2.96
F*5/G"5 732 1.00 1472 2.01 2170 2.96
G5 772 1.00 1552 2.01 2287 2.96
G"5/A"5 819 1.00 1654 2.02 2426 2.96
A5 872 1.00 1758 2.02 2584 2.96
A"5/B"5 921 1.00 1856 2.02 2729 2.96
B5 986 1.00 1984 2.01 2917 2.96
C6 1051 1.00 2121 2.02 3114 2.96
C*6/D"6 1117 1.00 2256 2.02 3305 2.96
D6 1162 1.00 2344 2.02 3435 2.96
D*6/E"6 1235 1.00 2495 2.02 3651 2.96
E6 1311 1.00 2664 2.03 3867 2.95
F6 1398 1.00 2828 2.02 4128 2.95
F*6/G"6 1470 1.00 2971 2.02 4328 2.94
G6 1563 1.00 3174 2.03 4610 2.95
G"6/A% 1648 1.00 3339 2.03 4875 2.96
A6 1747 1.00 3537 2.02 5153 2.95
A’6/B"6 1844 1.00 3733 2.02 5436 2.95
B6 1959 1.00 3960 2.02 5767 2.94
c7 2071 1.00 4195 2.03 6099 2.94
c*7/1 D7 2199 1.00 4451 2.02 6468 2.94
D7 2323 1.00 4729 2.04 6833 2.94
D*7/ E*7 2464 1.00 5031 2.04 7228 2.93
E7 2603 1.00 5327 2.05 7657 2.94
F7 2759 1.00 5633 2.04 8106 2.94
PER RS 1RS¢
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27 eI AR FeLr B ER Tz B3

IHEFE RS

Bl | R | B | PHRE | BHRE | B "
e HF | WEF | HF pd féfﬁ% g % (g B | RR
3 fe (’sz CAd | Getp | (B | 3RFH | HFR ) FE | # FGe | F(%
#R) | B) | ) |AFA | LA | ATA [ LT | #E) | BE)
(Hz) | (Hg) | (Hz) | (%) | (%) | (%)
F5 698.46| 692| 693 | 695]| -0.92 -0.78 -050] 2.77| 838 | 14.36
F*5/G5 739.99| 732| 732| 735 -1.08 -1.08 -0.67] 3.26| 6.80| 16.45
G5 78399 772| 772| 773| -153 -1.53 -140| 214 | 6.22| 13.23
G"5/A" 830.61] 819 | 819| 820]| -1.40 -1.40 -1.28| 3.07| 6.26| 11.60
A5 880.00| 873 | 872| 873| -0.80 -091| -0.80| 231| 6.33| 10.44
A"5/B"5 093233 922 | 921 | 922| -1.11 -1.22 -1.11| 3.04| 7.21| 8.23
B5 987.77| 987 | 986 | 987| -0.08 -0.18| -0.08| 252| 3.67| 7.07
C6 1046.50 | 1054 | 1051 | 1052 0.72 0.43 053] 3.26| 5.07| 10.68
c'6/D% | 1108.73 | 1117 | 1117 | 1115 0.75 0.75 057] 3.31| 6.98| 12.46
D6 1174.66 | 1163 | 1162 | 1162 | -0.99 -1.08 -1.08] 328 | 3.79| 7.28
D'6/E’6 | 1244.51| 1235 | 1235 | 1235| -0.76 -0.76 -0.76 | 3.72| 4.71| 8.24
E6 1318.51 | 1312 | 1311 | 1312 | -0.49 -0.57 -049] 337| 6.60| 7.00
F6 1396.91 | 1396 | 1398 | 1395 | -0.07 0.08 -0.14| 3.65| 8.25| 12.56
F'6/G°6 | 1479.98 | 1471 | 1470 | 1470 | -0.61 -0.67 -0.67] 6.01| 5.07| 5.79
G6 1567.98 | 1563 | 1563 | 1565 | -0.32 -0.32| -019| 4.75| 525| 534
G'6/A% | 1661.22 | 1649 | 1648 | 1649 | -0.74 -0.80 -0.74] 7.80| 10.45| 11.23
A6 1760.00 | 1749 | 1747 | 1749 | -0.63 -0.74 -0.63] 6.21| 6.01| 8.82
A"6/B°6 | 1864.66 | 1846 | 1844 | 1845| -1.00 -1.11 -1.05] 6.24| 597| 7.13
B6 1975.53 | 1958 | 1959 | 1958 | -0.89 -0.84 -089] 897 | 6.46| 8.74
C7 2093.00 [ 2073 | 2071 | 2073 | -0.96 -1.05| -0.10| 8.66| 6.93] 10.27
C*7/1D°7 | 2217.46 | 2200 | 2199 | 2200 | -0.79 -0.83 -0.79 ] 11.77| 592 | 7.81
D7 2349.32 | 2327 | 2323 | 2329 | -0.95 -1.12 -0.86] 1259 | 6.84| 8.10
D*7/ E°7 | 2489.02 | 2465 | 2464 | 2464 | -0.97 -1.01 -1.01] 1539 | 7.38| 11.08
E7 2637.02 | 2608 | 2603 | 2608 | -1.10 -1.29 -1.10) 1497 | 7.21| 12.95
F7 2793.83 | 2760 | 2759 | 2760 | -1.21 -1.25 -1.21] 16.72 | 5.55| 10.98
_,-_._ PEARRR SRS 1IRE ¢
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