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Resonance board is one of the most important components of piano, which predominate the acoustical
quality- The frequency equation of free vibration for resonance boards on the basis of vibration theory was
established - The resonant frequencies of (2,0), (0,2), (1,1) and (2,2) of all the 8 pieces of resonance
boards made from the species of P-. glehniis P- jezoensis; P- spinlosa and P. sitchensis were determined
using the spectrum analysis method based on fast Fourier transform- The flexural and torsional rigidities were
calculated using the established frequency equation and further the moduli of elasticity and transmitting velocity
of longitudinal wave (V) were also calculated- The subjective and objective evaluations of piano acoustical
quality combined with vibration properties displayed that the vibration in y-direction correlated more with
acoustical quality than in x~direction- The acoustical quality was improved with the increase in MOE and V
especially in y~direction- The results show that the parameter measurement of vibration properties in y~
direction is more important to the acoustical quality of piano-
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FIGURE 1 The coordinate system of wood board

AR AR A AR A G 1 TR, R B, WY RLRY
FE1 % ) S ) S T AR B30 % 4 B LR AR ) B
SRR TR AR AR T R & R
PEB TR o B R 2 LR (1)

1 [
g, R JrE:ay
B 1
g, 5 +EG}' (b
1
ny :E‘Ex}.

Kb e Hx TTRBINE, ¢ Hy TR Y, 0
BIYIN AL, o, Ny x JTIRIRIR. 7T o, 9y J7 BRIV 775
T, ABIYIN T, E, 09 x J7 [0 SRR, B, Dy J7 T
SRR, G VBT YRR,

A (1) 15 AR S 77 R <

_ 1
Gx 71i ’Jx‘uy(Exex + ‘uxEvey)

! 2
% 11— Hxﬂy(Eysy + HEE,) )
Ty — Gy

s e JTTEHARA G, oy D7 IEHARA EE
BRI A T RN (2) 15

¥ P
_ z w Jw
__ z dw O w
= E, S st mE 27 3
o, lpxpy[ y ayZ y axz ()
_ dw
K. w HZIEHRE.,
AR S A B w FR
B2 ol Bl
M, :Jﬂl/z 0zdz = Du S_;g + a_;g
h2 82 82
M, :Ll/z Ozdz = DZ?[B_;? +u ﬁ (4)
02 aZw
ijy 7J*h/2 TxyZdZ - 2D66 axay

b M, xBTS, M, Sy O
K. M, BTN D D Sy WA AE S 7 1
BRI . D oA AE S P 7 160 ) LTI
SEAH LRI, A

ER
Di =757 - na
ho12¢1 TR
Eh’
) = 5
3
Des = (i}ZL

K b WA
Pzl (O AN BEAARITLE 2 Bl 7 16 1) A 2% F



55 R E

SR WA RARIR SR YR BT 5

131

TIRE(BHITRE) - 15 1IR3 PR AR 17) 55 i o 77
B

d'w o'w ' w _
Dll +2Dsa 2+D22 4+q—0(6)
x X y
K. ¢ NHNERT. Ds jﬁﬁ%ﬁlﬂ'f JH.:
= Dyt Dby p G — 2 (1)
Seb, D= Dn +D22

(K1, AT J_T:)LE Ve ) B e IR 30 Y o
ﬁ*Ijj:

4

Gl )
Dn Ox Y +2(D12 +2DGG) angjyz +
2w Gl dw
s~ i =0 8
D2 ay Oh o (%)

strh, 0 SRR
Sl 11 AR B B B R AT T
w=Y()W(xy) = Y() De® et (9)
SRep, o WAL Y (2) WAL B bk TS

FANFRER AL o IR, b 9T .
B RAK(S) H TR

)+2€dY(z)+d3’t(2z) — 0

- [ FTT

K. P R RSB SRR, 2¢/ P, HHFEIEY],
AT IE VIRV, WISLRAR T .
Sr(mon) =

%_C Jgh V\JDH[%J +D22[%J +D{%J
(12)
XTS5 ) AP AR BUOEAR Y B PR30, I R
W k., 5k, RECOHE I, A HE 225 AR
BT AL T AN R E SET AL THEAR B ik 3
Sr(m> ) s B, A4S AN ER LR A Hi iR 3h o) %
ﬁjFEE:

Py (1 (10)

feok,|
ab

(1)

f(mon) = 5

:T:t[':"fr(m’ n)j'g%—(m9 n)Bﬁ;ﬁgﬁE}/}:ﬁ\‘%’ ﬁ%%ﬁ o
(m>n) %(msn),%(m: n), %(m: n) TS
NRIEEER

2 bR ik

21 # #H

EREE & ISR A SR RS T 2R L =42
( Picea koraiensis) \ Z= ALK 1 6. 8% 25 42 ( Picea jezoensis
var- komarovii) \VEJEME ZA2 ( Picea likiangensis var-
linchiensis ) .3 E TG A2 4 ASFE i Hil1E 8

O MFEHME

PhJ M+ ﬂﬂuhrz D

JM + 4Dy 4%2 (13)
a
U SESARAR (5 REFI % 2 B, LR R

1408 mm (x 77 11) X937 mm (y F71) X 8 mm (&
).,
22 F &

REHERRIE N ERILIRAR Y % B iR R, K
FAPITR S 43 05 AT 5 it R 3 (BB ) Al 0 (1]
2). WREIRBNE 2%, fal B — KA 5 55 % B
PRBIIE, PR X i o S 43 0y AR R T 22 A5
g I 4 X4 AN

xR (L

B2 EIHRAR RSN B R

FIGURE 2 Sketch map of vibration measurement for piano resonance board

14 e

SE e



132 b x M kb X

¥ R

830 %

3 HEREAM

3.1 HIRIRIRSMESEVIRA 554
AN ZILHRAR AR h BRI T 40, 220 At
et B | 4 3h ) % 7 2 (X (13)) R R EN S 5L
Du Dz, Do, Dss» 5 0] 3R HE A0 22 L PR AR B9 55 2 1R
B UM EESE, B ILIRAR A IR 30 5% 0] 8
SERPI RN LT RAT ., AT RS 4 MRS
50 P EAR S (13) 0z R 4 A B
(2,0),(0,2) (L. 1) (2.2),

WHATHER AN (2, 0)  (0,2) (1, 1) (2.2)4 By
PRSI, B A AN SRR S AR | BT IR
HESHAOREHTE, R RSB T 220
—YEIRIMRE R B 8 £ R s I R ATt R
JNEXE, FU, TR R LR AR & W T
KA TE B IR SR B A 5 54T

LfER PR d, —i (1. 1)8i# (2. 0) &
/0N, BRI AT A7) 25 T B I A e PR Ay (1, 1) 53
(2,0),

2) ARG P iR sh A3 3 1 R B 6 B EUAR [R] Y
T A R AR B AE AN R B i — T BA
RN AP IRINIE, XA F T A [F B ik Ik sh 4%
R E

) EANARERIE (2,0).(0,2) (1, 1) [ (2,2)4 Fy
B VA g » 3 ] A T AR R 0 o P TRESL
M2 3, 1 A] 28 W AN [R] B iR B 3k sh A% (2 (0, 2) |
(L 1) (2. 2)Brik5E).

DYRIFIA (2, 0) R KB v (0, 2) Brik By
3.2 S E SYUEEERRE

PR YRR R T RN

B= 1 Du(1— B#) = 1 Du ke
" (14)
12

_ 12 _
E, = FDzz(l_ B = ?Dzz ©

XA IR LE,

XoF HLARAR 4 P 1) S 56 B A5 Wi sh A (1 2R TR
SR B AT E THEAR H 4 SRR 8 SRRk
B x 7y 7R R R, LR 1,

*x1 HRBABH@AEEEEE GPa
TABLE 1 Elastic modulus of resonance board in
different directions

AEZ T B(FEIKA C(TEK D(EH

RAK=AS) AR MEEE) M=)

Al A2 Bl B2 cl C2 D1 D2
E, 4.659 4.739 4.469 4.809 3.013 3.975 4.881 5.888
E, 4.855 6.069 5.114 5.502 3.112 4.468 5.056 6.131

FERESARAR B IRBI A AEREE DB 1L =
JEA R R T SE R R I DA 9 B R T A R Y R
M, AR A% 1k B A T SR B gt EL i A B
i A SEARAR DA 1 18 B oA
SARAR P LA L A ] Rk .

_ [__E
T =) (19)

K € IR DL AL H

ER 2 (L) TSRl fr) 2 19 % 40 2 PE I
AN TR 75 17 B AT 838 J3E SR AR [ 7 1) SR A A
ESIARA . JLRIR « T7 1R y 7 R B A AL
JEE(C . C)ITRERIITR 2,

F2 HEEARHEAOMNEEEEE  mes
TABLE 2 The transmitting velocity of longitudinal wave

of resonance board
A B C D
Al A2 Bl B2 cl C2 D1l D2
C, 3620.0 3440.0 3526.9 3724.6 2687.2 3072.2 3518.2 3 862.1
C, 369%.6 3893.1 3773.1 3983.9 2730.8 3257.3 3580.5 3 941.0

3.3 HiERiRIAFE EREFEZmRAZ ENXR

B IR A S2 50 F AN B R B T R R
B PE S AR EE R 2 i I VA A543 B LA 4R
PR Z AR AR G . BB SRR TR A A SCHRA

BB T E A B PR R AR O
e SN N A N AR NS o 3y ]
FOE RIZIR T AR PRI SR B
i, @RI RS T MRS RE ST BT
1595 FERAG DI 915. 5 5 SR & RIS 80 i
B . AR A IR 31 250 B 341573
BRE TR0 Bt RUSs 3 SEMPFI I H 2
AR 5 2245 IR y J7 A IR SR ES RS
RGP R 0T Z 18] 22 R AU
FRIZNEIEM S, BEIIREE 3LIRMR v J7 1 Ay 5Pk
FRRL A R O, SR 27 i R PPN A5
oyt M ARIR « 77 18 B IR Sh RS B S AN 5
P RE PP 50 5T B Z (B AHSCSC R W 2. 55
Ty i, R, B s R v O 1 Y iR Sy
(IR 5 TR i S Vs 2D

BB 7 it DI LAY B 4 b D 5l 22 3 R E
EEE SR EDS SR R S i BU R RER V7§
Py 73 A SARBH 70 B IR AR T2 70 & IR AR 1
BB R EIRIEEZ I ZALME 3 MEhs. 74T
SRR B IR B S A SR 2 R P R AR 2
RIS AR A5t IR y 75 1) S PR B (B, DB f%
R SIS R FREZ R 2E VL
PEIEARSS, FEAESCPE R T HLIRAR « 77170 FEARARAY
SRR R DN AL BB (LR y 77 RO 5 A



MW ARSI RS PR 5 133

B PR ) 3R, 73 & R T4 E 23K
s T2 E R B RO SR MEZ R P 1E 73
FIRIEEZ P A2 2SS, XA &
TEAFEIG R EARA PR AR A 4R T
AT FARGTRE ST & UG 28 L T » AR
AE AR,

AT IR IR SR PR B 2 RO PP
1373 WP 18 bn Z 18] A AR A Hh Al — R . 3L
PRIy J718) B9 IR B S0 9 352 5 o i i 2 T Y 5%
L LY« J7 1 83 RPILIRIR y 77 10 A IR 3 240
KRB 27 i TR RO SO 3% XU T 3L ARAR
y 77 16 A AR B SR RS 140 527 2 it BT
A B, i B 3LIRAR 5 T 1) B9 IR BRr R FT
BEAR IR S

SRRy 77 1) B IR BV S RS I B R o
FEERLPPT 573 B LA 18 A8 22 Ta) B A SGER T
x 77 B ATRE S e AR e b DAY 3254
FIEEARE y T3 B P AT AR E XS5 A S
y JT BT f/NT 7 ) B AR AR

4 % w

ARWFFEAT T M IR ARSI L R £
AR R 77 2R SRR (2, 0) (0, 2) L (1 1)
(2, 2)Birsiie, fig LRt B i RS BIR T / fx
LT AT IR A SRR R PGB L,
Ao X MR AR IR B R S A 3R A i R ¢ A
73 BT HE AR Z 8] A AHSCYERIE T A5 JLHRAR
J7 RSP S I ER R 2 B Z (Al SC R B o 7]
22 BIICARAR A SR R A% ok B (O
HIE y T7 A S B NP AL I L) » Pl /R
PR P i TR A R T IR it SRR y Ty
[i) A4 iR BT P ] 2 4R e T 3R 04 7 2 et O R
TR ¥ 7 18] B AR SRR S RO X T SR R
i O A B,

2 £ X &
(L] RER, . WEERIRS0 RS I]- R4,
1991(2) ,8-10.
LIU B L, HAN E Z . The experimental modal analysis of vibration of
piano soundboard [J]- Musical Instrument. 1991(2).8710.
RIFEF], . NI E R IR S8 SRS A (22) [J]-
B, 1991(3),8-12.
LIU B L. HAN E Z- The experimental modal analysis of vibration of
piano soundboard (continue) [J]- Musical Instrument. 1991(3).
8-12.
[3 ] XUSH. WEEZRIRSIMAIRTTHI]- SR8 1992(2), 14

[2]

[1]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

LIU B L. The finite element analysis of vibration of piano
soundboard [J]- Musical Instrument, 1992(2) .174.
INPF MEERZRIL[I]- SRas, 2004(9). 879,
SUN C P- My viewpoint on piano soundboard [J]-
Instrument» 2004(9), 879.

SOBUE N, TAKEMURA T. Poisson

Musical

s ratios in dynamic
viscoelasticity of wood as two-dimensional materials [J]- Mokizai
Gakkaishi, 1979,25(4), 258—283.

SOBUE N, KITAZUMI M. Identification of power spectrum peaks of
vibrating completely free wood plates and moduli of elasticity
measurements [J]- Mokwzai Gakkaishi, 1991,37(1), 9715.
TONOSAKI M. OKANO T, ASANO I. Measurement of plate
vibration as a testing method of wood for musical instruments [J]-
Molwzai Gakkaishi» 1985,31(3), 152-156.

NAKAO T, OKANO T. ASANO I. Vibrational properties of a
wooden plate [J]- Mokwzai Gakkaishi, 1985, 31(10), 793-800.
NAKAO T- Experimental study of torsional vibration of wooden bars
by plate theories [J]- Mokiwzai Gakkaishi. 1996,42(1), 10-15.
YANAGISAWA T, NAKAMURA K. SHIRAYANAGI I. Vibration
analysis of piano string and sound board by finite element method
[J]1- The Journal of the Acoustical Society of Japan, 1975,31(11) .
661-666.

SUZUKI H- Vibration and sound radiation of a piano soundboard
[J1- Jowrnal of the Acoustical Society of America, 1986, 80,1 573~
1582.

EHE . ARFCEIR[M]- Jbat O AL, 1987,
HUANG K Z- Principle of plate and shell[M]. Beijing: Tsinghua
University Press, 1987.

JOZSEF B, BENJAMIN A J. Mechanics of wood and wood
composites[M]- New York: Van Nostrand Reinhold Company Inc;
1982, 87-99.

VOICHITA B Acoustics of sound [M]- 2nd ed- Heidelberg:
Springer-Verlag, 2006,40-48.

BCREAE - W AR FEER IR [M]- 3F R« LD AR R 2 HOA A
1989,214-217.

CHENG X S- Application principle of plate and shell[M]- Jinan:
Shandong Science and Technology Press, 1989,214-217.

Eepk, XNRM, B4 AR S SRS A0t [(M]- e
A4 ol ik » 2006.

WANG K L, LIU J Q. ZHAO D- Bend: vibration and flexuosity of
plate [M]- Beijing: Metallurgical Industry Press. 2006.

SOBUE N, KATOH A. Simultaneous determination of orthotropic
elastic constants of standard full-size plywoods by vibration method
[J]- Mokwzai Gakkaishi» 1992, 38(10), 895-902.

HEARMON R F S- An introduction to applied anisotropic elasticity
[M]- London: Oxford Univ Press, 1961,90-109.

THOMAS D R. NEVILLE H F. Principles of vibration and sound
[M]- 2nd ed- New York: Springer-Verlag, 2004, 71.

(% FLE)



