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SUMMARY

This study was conducted to explore how to produce the high value added products
using domestic woods by new approach in view of material science and products
engineering. The acoustical design method for the typical domestic musical instruments of
Gayageum, Jang-go and Daegeum was developed. This might help to produce the high
value added products using domestic woods. For some domestic wood, the physical and
acoustical properties, drying characteristics and the effects of coatings was investigated.
Based on the results, the manufacture techniques related to musical instruments could be
standardized from material preparation to the manufacturing of end products.

In case of the tube type musical instruments such as Jang-go and Daegeum,
considerable difference of water vapor pressure between inner and outer sides could be
maintained by appropriate treatments. This resulted in the increase of drying rate and the
decrease of surface check and radial check. The distribution of water vapor pressure within
the tube was measured. The generation process of water vapor pressure during drying was
investigated and so moisture transport mechanism and moisture distribution could be
understood. The new drying technique was developed to minimize the drying defects and
to maximize the drying rate for the real size of Jang-go and Daegeum.

The micro-crack, collapse and thermal degradation during drying have a great influence on
the acoustical properties of wood. The new drying method was developed to minimize the
drying defects.

The rheorogical properties of the common and UV curing types of ployurethane paints
was measured using dynamic mechanical thermal analyzer(DMTA) and sound level meter.
The suitable paints for the musical instrument was selected based on the test results of
storage elastic modulus, loss elastic moduls, loss tangent and impact sound level. Finally,
the effects of coating thickness on the acoustical properties of domestic musical instruments

was investigated depending on wood species.
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1) 717 7keka (A, B)oll oigk du Ay 23
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Figure 3. 1. 1. 7}oF&9] Peak frequency =4 27}
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Figure 3. 1. 2. 7}oFF 2] Peak Amplitude 7% 23}
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o} 7}ok=e] Total Power
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Figure 3. 1. 3. 7}oF= ¢ Total Power =4 23}
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Figure 3. 1. 4. 7FoF32] Total Harmonic Distortion 574 23}
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ul) 7}okg 9ol T.HD + Noise
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Figure 3. 1. 5. 7}oF&¢] T.H.D + Noise =% A}
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2) 7toke @ AFsol W spectrum 57 (Spectra Plus)

7hH A 7ok 11 &9 spectrum
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Figure 3. 1. 6. A 7Fokg 119 &9 spectrum A&

) B 7lokE 129 & 9] spectrum

Figure 3. 1. 7. B 7}oka 1291 &9 spectrum 23
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Table 3. 1. 1. @49 Z =9 Fa4 d3y oy
Sample| Mode Freq(Hz) | Damp(Hz) | Damp(%) Sample Freq(Hz) | Damp(Hz) | Damp(%)
NO. NO. NO.

1 616.52 3.32130 0.53871 608.04 479181 0.78805

2 1582.01 9.52915 0.60233 1578.31 10.81110 0.68496

1 3 2868.08 38.51041 1.34261 8 2918.66 16.90466 0.57918
4 4151.63 50.78637 1.22319 4265.03 35.21721 0.82569

1 557.22 6.57998 1.18078 658.37 4.49840 0.68325

2 1503.68 11.74896 0.78132 1645.66 13.47467 0.81878

2 3 2735.95 26.39000 0.96435 ) 3028.79 49.06249 1.61966
4 4139.68 40.02327 0.96677 4220.90 53.97056 1.27854

1 557.95 4.65173 0.83369 581.20 4.35526 0.74933

2 1476.07 10.96817 0.74304 1506.58 9.91426 0.65805

¥ 3 2757.60 27.82009 1.00880 10 2748.74 37.95816 1.38080
4 4057.03 48.96866 1.20692 4023.95 43.53886 1.08193

1 582.23 4.12760 0.70892 558.30 3.86113 0.69158

2 1514.84 8.70505 0.57464 1476.29 8.15264 0.55222

4 3 2801.20 42.25904 1.50843 1 2708.62 19.38180 0.71554
4 4182.03 50.92775 1.21769 4166.35 52.30500 1.35130

1 613.99 5.21348 0.84908 598.88 5.64341 0.94229

2 1584.49 20.28721 1.28026 1563.79 13.19064 0.84347

0 3 2893.93 32.50286 1.12307 12 2844.06 34.80483 1.22368
4 4247.60 41.20926 0.97013 4208.52 52.67366 1.25150

1 618.16 3.53750 0.57225 599.13 2.76027 0.46071

2 1576.68 8.38986 0.53212 1566.24 8.32513 0.53153

6 3 2879.54 22.05071 0.76576 13 2890.97 32.11563 1.11083
4 4372.43 82.84230 1.89431 4199.93 53.44527 1.27242

1 589.79 5.16845 0.87629 637.59 4.00527 0.62817

2 1549.09 12.86841 0.83068 1662.41 9.78575 0.58863

! 3 2834.93 21.87593 0.77163 14 3040.48 59.32256 1.95072
4 4200.62 42.96457 1.02276 4377.33 53.34031 1.21847

,26,



A

L= LIS

AR

A=
=

. F8 RAY F

i)

K

FlE A ) eAw

EU
qul

-

43}

) Al

ke
™

Al 3 (AL A

<

3=
o
Hr
N

jw

4 244

E

=

7h 1Y AL F

o)

o
o
o)

o
Ao

PAG el whvol

i<

< g

[¢}

Z &9 (integral equation method),
o
-

oj

k

!

—

T

el

KN
L

Chaigne(1997)

Blx) o= T4

(3. 1.1
(3. 1. 2)
(3. 1. 3)

#w

[e)

L

,27,

_¢j

14

el A (dwl dx)

2
2\ Ox

1

WY(x)+ B(x)
B(x)

1
2

o

ow
ng

(Hamilton’s principle for the conservative motion)2}
1) A uf



al
FuA Hgstas the 43 2o vehd 5

o€,
ot (3. 1. 4
21,5, (3. 1. 5)
AASH T} A& o] tfst A Al (coefficient of viscosity)o]th. whebA]

g muEel duEe A (31 8)% A (3.1 99 2ol 247 ey 4 At

m=[" szbdz=—EI(1+,7—bija—w
-h/2 E 0t ) 0x (3. 1. 8)
v={"" 1 _bdz=kGd 1+ 9 (a—w—wj
12 G ot | ox (3. 1. 9)
AN el e
or 0°w w 9w
—+ + _—— =
ax Pax2 ()C,t) yB t yFW pA a 2 (3 1 10)

A7IA Ve FA

Al<=o] e,

L

H A (fluid damping coefficient), Vr = AA AAZAS wrdslr] 93
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ox ot? (3. 1. 11)
weta A (3187 A (3 1.9 A (3. 1. 1007 2 (3. 1. 1ol uglslel Hysd e

% tﬂ—xq/\].% gl_ﬂ z': 9\};}_

KGE[A(a_W—w) + KN i{i[ (_—¢)]}+ Z—V:

Ox s 0t | Ox

—Vrw=pA4 Y (3. 1. 12)

o), p 2[00, 0 o _ )o@
MG(O wj-'-Eax(I Ox) at{ ¢ ) wAn (Ox ‘/’)} Al o> (3.1.13)

SHuE we] e wel AugA A e

e

2 2
KGA 6w_6_41/ +K/7SA£ aW_a_l// +
ox>  Ox ot\ ax? Ox

d_w
ot
%w

or?

3 2 2
KA (a_w_l//j+EIaw+/7b l//+/o4/7[aw al//j ol oY

~Vrw=pA (3. 1. 14)

Ox ox? 010x> | Oxtdx ot 0r? (3. 1. 15)

1ol %o (kinetic energy)=
nI2 hi2 (0w ow
__Ih/zjb/zj '0[2 (Ej (atj }dXdde
oY ow
=— [ A d.
b a5+l o
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oA, Aslell YA (energy of loading) % ®A71%2] WX (energy of deformation

of the elastic foundation)® ©]F o A += ¢ X ol A (potential energy)+s
2
v _J- EI 6(// kGA ow —y +y_FW2 —qw- ow)’ "
0x 2 lax 2 ox
5eF o o o) diEAY S5 = duA =

1L o’y \ oy ow
v, =1 ("1 W, i
2 2j0['7” atax[axj yB(azHX

eg Hel

k=)
i)
>
4o
f

N
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i)
rot
:cé
g
rh
(o,
g2

0

o[ (1 -1)dt =0

B,
b ow EI(dyY  kGA(dw_ ' ¥r
o0l { & ]*p(a,ﬂ HE) e *zW}
2
—qw—i(a—wj }dxdt:O
2\ ox

PR O . L VL R L .
4 ot Ot ot ot Ox Ox Ox Ox

—kGA[?3 z//jciz// yFwdv+qdv+Pg—@}d dt =0
X

x Ox

A F 3kl dlEl] FE A ek,
J.nJL p]a_wadz//+p ow 0w 64[/ 65[// _iG (aw w]@
4 90 ot Ot o or ax Ox Ox Ox
—kGA(aw l//)é_gl/ yFwdv+q5m+pa—W@}d dt =
Ox Ox Ox
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npt)_ 0 0y __0 ow oy 0 ow
.[n -[o{ ot [p[ ot j&'[/ ot ('0 ot jc»wa (EI Ox jd‘“a {kGA[Ox wﬂdv

—kGA(a —l//)é’l/l yFwdv+qdv+i( a—wjdv dxdt
Ox ox\" 0

X
t 1 Xy
+ij1"—‘”5 dx+ijAa—W ae-["E1% syl ar- kGA[aw w}m dt
0" ot | 0 o |, I Ox 5 4 0x N
t Pa—wdv dt=0
hoox |
71 7 As AEste]l 4 AupiA A 3o Jye] dElERy e 4 31149 2

(3. 1. 15)9] At} T3l

Sol o mel YA g g A G 1 149 4 G 1 15)E e 2ol

2 2 2 2
G(La_w)z(a_a_mg Fy -y 2
x

ot? ox?  Ox o ax?  ox ‘

—kpw (3. 1. 16)
azl//:i(a_w_wj_'_cz 62w+n a w [aw—w]
o2 2\ ox a2 | ax? a Ox (3. 1. 17)
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A @163 4 G 17E AT IdHE Yehdd

[1 + szAth? =2k Juy - [1 ) %)Win el Atz[(dj o) - (5’140)?}

en o) - (o) - ot) + o) |+ Fac ()
+ F, (x,0)At°

nAt) . it ntY, o clOt? n n
e e e el Za = AL

() =2 4 o)
! 20x
(52 _ Wiy — 2w +w + O(A2
W), 5 (Ax)

(3 w) 2w o

20
n+l n n-1
n =W+ !
o) = v o)
4

Feiapfrol FAxAL

a_l// =0

Ox |z, (3. 1. 20)
[a_w—[//j =0

Ox 2=0,L (3. 1. 21)

28 Alo] Z(step-size)= Mx=L/Nojmz x; Tilx (0<i<N. K o§7]4 X; is at the 29
ek, X, 2 Ko fdloltt. AAZRAS WEAAF7] Y8 7HE H(fictitious  nodes) X1

al’ld‘xnﬂ% E_‘S\;}}\]% %&7]' 9}1
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e BAxERE ATGHE HERAY,
Yho=yy,

to— t
agla s,
wjt\/ﬂ :wlt\/—l,

t ot t
Wy =Wy ~28xy

%% (impact force)S == H

AN

W 2 (Hertz law of contact) .2 & 4 Ut}
it { () <w(xy,?)

3/2

F(1) = K|{ (1) = w(x,,1)| (3. 1. 22)
otherwise
F()=0 (3. 1. 23)

714 4(#) e AAME (impactor)e] WS vebdTh 724 A5 (stiffness  coefficient) K =

Aoz FaAY e 2 (3. 1. 24)E o] &sle] FAHE £ gt
-3/2 _L
KN =7) = DR (3. 1. 24)
o] 7] A
p=3 1-v,’ +l—vM2
4\ Ey Ey (3. 1. 25)
rel Ly L
R, R, (3. 1. 26)
JAE e $Ee FEWAS g3 AN 5 ol
62((1): o aJ(0) _
© o’ with ¢ 0 (3. 1. 27)
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Qal dl= FARG ok o Atk vk wel YHF W FE 27Emo|n).

1 (3. 1. 183 2] 3. 1. 195 Fat=d Ao, t=03 t=1¥¢ W g3 2

Ho
%
N
Mz
1>,
>

i) t=0(n=0),
w(i,0)=0
¢(0)=0

i) t=4r(n=1),
J(1) = v, At

w(i +1,0) + w(i - 1,0)
2

w(i,]l) =

3/2

F(1) = K|¢(1) = wlip,1)

offt
o
2,

ol gol A 7Ed AtRS Tzt Ko FEel o7 Alte] mE HxlE 7

4

E S (impact sound)E A &s7] ¥ SFWAHsound radiation)= U

& =% 5 rH(Akay 5, 1983).

PoSE (X)j

2 o )
107u( r/c)+l6u(t r'/c) cosd
c or? r' ot

,34,



140

1240

1o |

40 |

|

A |

|

III L L L L

0 100 00 30 4NN SN0 G000 JDO0 A0 AW 1000
Timngirea)

Figure 3. 1. 8. Impact force and duration time

A
& 10

& o

Digplacsenan ()
o

Lemgihil) a 'ﬁm“mgﬁ]

Figure 3. 1. 9. Displacement of beam with time by impact
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Figure 3. 1. 10. Velocity and acceleration of beam with time by impact

Figure 3. 1. 11. Signal analysis and sound simulation
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This program for EXPLICIT numerical simulations of Impacted viscoelatic
Timoshenko beam

Length L = 29.3/100 m

Width b = 3.7/100 m

Thickness h = 1.9/100 m

Total Mass MB = 142.04/1000 kg
Young's modlus E = 954 €9 N m-2 (Pa)
Density rho = 796 kg m-3

Viscoelastic constant eta = 9.16 e-8 sec
Fluid damping coefficient GB = 12.44 s-1

Young’s modlus E = 2.13 el0 N m-2 (Pa)
Density rho = 1015 kg m-3

Viscoelastic constant eta = 2.35 e-7 sec
Fluid damping coefficient GB = 51.58 s-1

Stiffness coefficient (rubber) K = 3.7 €7 N m-3/2
Stiffness coefficient (boxwood) K = 1.31 €9 N m-3/2
Equivalent mass (rubber) me = 23.6/1000 kg
Equivalent mass (boxwood) me = 26.2/1000 kg

Position of impact x0 = 15/100 to 20/100 m
Position of observation (acceleration) x = 9.3/100 m
Initial impact velocity vO = [0.05; 1.5] m s-1

Time sampling frequency fs = 192000 Hz
Spatial step dx = 1.0/1000 to 3/1000 m
Impact width delx = 2.0/1000 m

opengl neverselect

feature(' UseGenericOpenGL’,1);
clear all

clc

tic;

format long

%
%
%
L
b

xylophone CONCORDE X 4001-Padouk

= 29.3/100;
= 3.7/100;
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h = 1.0/100;
MB = 142.04/1000;

E = 9.54e9;

rho = 796;

eta = 9.16e-8;

GB = 12.44;

% __________________________________________________________________________
% MALLETS

O/O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
K = 3.7¢7;

me = 23.6/1000;

O/O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
% PLAYER'S action

% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

x0 = 10/100;
% Position of observation (acceleration) x = 9.3/100 m
v0 = 1.0;

fs = 1920000,

dx = 20/1000;

delx = 2/1000;
O N N N ——————
% Calculation needed for simulation

% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
O/O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
% S = cross sectional area (m2)

9% I2 = inertia moment (m3)

% alpha = relative impact postion x0/L

% __________________________________________________________________________
S=bx*h;

12=b*h"3/12;

% soundtime (sec) = simulated sound duration

% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
£1=4.73%2/(2#pi*L"2)*sqrt(ExI12/rho/S);

dt=1/fs;

N=L/dx;

N=3/4*sqrt(pi*fs/fl/(1+eta*fs))*.5;

N=fix(N);

dx=L/N;

soundtime = 0.005;

time = fs*soundtime;

p=1.5;

alpha=x0/L;

i0=fix(N=*alpha)+2;

% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
% Explicit finite difference

% __________________________________________________________________________
% N=1N+3 : fictitious nodes

% 2 <1< N+2

y=zeros(N+5,time);
ph=zeros(N+5,time);

for I=1:N+5,
if I<@{0) | I>30)

,38,



g(1,i0)=0;
else
g(Li0)=1;
end
yv(,1)=0.0;
ph(I,1)=0.0;
end

for n=1:time
ph(1,n)=ph(3,n);
v(1,n)=y(3,n)-2*dx*ph(2,n);
ph(N+3,n)=ph(N+1,n);
v(N+3,n)=y(N+1,n)-2*dx*ph(N+2n);
end

X1(2)=v0=dt;

for I=3:N+1,
y(I,2)=(yI+1,1)+y(1-1,1))/2;
FH(2)=Kx*abs(xi(2)-y(i0,2))"p;
end

Pa=10.0;
ts=0.85;
G=E/10;

etas=eta*3;

GB=GB*rho*S;KS=K/L;
c0=sqrt(E/rho);cs=sqrt(ts*G/rho);r=sqrt(12/S);
ns=ts*etas/rho;nb=eta/rho;Fa=Pa/(rho*S);kb=GB/(rho*S);kf=KS/(rho*S);

for n=2:time,
for I=2:N+2,
y10=y(I+1,n)-y(I-1,n);y10=y10/(2*dx);
y20=y(I+1,n)-2*y(I,n)+y(I-1,n);y20=y20/(dx"2);
yv101=y(I+1,n-1)-y(I-1,n-1);y101=y101/(2*dx);
y201=y(I+1,n-1)-2+y(I,n-1)+y(I-1,n-1);y201=y201/dx"2;

pl10=ph(I+1,n)-ph(I-1,n);p10=p10/(2*dx);
p20=ph(I+1,n)-2#ph(I,n)+ph(I-1,n);p20=p20/(dx"2);
pl01=ph(I+1,n-1)-ph(I-1,n-1);p101=pl01/(2+dx);
p201=ph(I+1,n-1)-2*ph(I,n-1)+ph(I-1,n-1);p201=p201/dx"2;

rhel=(2-kf+dt"2)*y(I,n)-(1-kb=*dt/2)*y(I,n-1)+cs 2*dt 2% (y20-pl0);
rhe2=ns*dt*(y20-y201-pl0+pl01)+Fa*dt"2+y20+FH(n)*g(1,i0)*dt"2/rho/S/dx;
y(In+1)=(rhel+rhe2)/(1+kb*dt/2);
rhel=(2-cs"2+dt"2/r"2)*ph(I,n)~(1-ns*dt/2/r"2)*ph(I,;n-1)+cs 2*dt"2/r 2%y 10;
rhe2=c0"2*dt"2*p20+nb*dt*(p20-p201)+ns*dt*(2+r"2)*(y10-y101);
ph(I,n+1)=(rhel+rhe2)/(1+ns*dt/2/r"2);

end

ph(1,n)=ph(3,n);

v(1,n)=y(3,n)-2*dx*ph(2,n);

ph(N+3,n)=ph(N+1,n);
y(N+3,n)=y(N+1,n)-2*dx*ph(N+2n);
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xi(n+1)=2*xi(n)-xi(n-1)-dt*2+*FH(n)/me;

if xi(n+1)<y(i0,n+1),
FH(n+1)=0;

else
FH(n+1)=Kx*abs(xi(n+1)-y(i0,n+1))"p;

end

%if FH(n+1)==0,

% ntime=n+1; break

% end

end

toc

plot(FH)
xlabel(’ Time(ms)’);ylabel('Force(N)’); pause

mesh(y)
ylabel('Length(N)');xlabel(' Time(ms*fs)’);zlabel(' Displacement(m)’); pause

for k=3:N+3
for n=2:time-1
vs(k,n)=(y(k,n+1)-y(kn-1))/(2*dt);
end
end

%mesh(vs)
%ylabel('Length(N)’);xlabel(’ Time(ms*fs)’);zlabel(’ Velocity (m/s)’);pause

for k=3:N+3
for n=2:time-2
ddy (k,n)=(vs(k,n+1)-vs(k,n-1))/(2+dt);
end
end

%mesh(ddy)
%ylabel('Length(N)’);xlabel(’ Time(ms*fs)’);zlabel(’ Acceleration(m/s2)’);pause

for k=3:N+3
for n=2:time-3
dddy (k,n)=(ddy (k,n+1)-ddy (k,n-1))/(2*dt);
end
end
9%mesh(dddy)
%ylabel('Length(N)’);xlabel(’ Time(ms#*fs)’);zlabel('Rate of acceleration(m/s2)’);pause

pause
%for n=1:100:time
%  plot(y(3:N+1,n))

%  pause
%end
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t=(1:time-2)/fs*1000;

dat=ddy (fix(N/2),:);

subplot(3,1,1),plot(t,dat)

xlabel(' Time(ms)’);ylabel(’ Acceleration(m/s2)")
nt=length(t);

Y=fft(dat);

Y()=[];

%set(gca,’ YTick’,[],’XTick’,[])

n=length(Y);

power=abs(Y);

freq=(1:n)*fs/n/1000;

subplot(3,1,2),plot(freq(1:150),power(1:150))

xlabel('Frequency(kHz)');ylabel(' Power’);pause

% __________________________________________________________________________
% Sound Pressure Calculation of Beam

r=0.8;
theta=pi/6;
c0=340;
rho_air=1.293;
dV=S=dx;

L1=r*cos(pi/2-theta);
num=L1/tan(theta);

for 1=1:N+1
den=dx*N/2-dx/2-(i-1)*dx+L1;
rx(1)=sqrt(hum”2+den"2);
thx(i)=pi/2-atan(num/den);

end

pb=zeros(1,time-3);
ptemp=0;
for n=2:(time-3)
for 1=3:N+3
pb(n)=pb(n)+ptemp;
if nxdt>rx(i-2)/c0
ptemp=3/(8+pi)*dV+*rho_air+cos(thx(i-2))*(1/rx(i-2)"2*ddy (i,n)+1/(rx(i-2)*c0)*dddy (i,n));
else
ptemp=0;
end
end
end

O/O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
% Sound Pressure Calculation of Resonator

% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
9% Sound spreed in air cO0 (m/s)

9% Radius of resonator at (m)

% Length of resonator It (m)

% Characteristic constants of damping evt

9% Characteristic lengths of viscous and heat propagation effects lv, 1h (m)

9% Ratio of specific heat gamma = Cp/Cv

% Damping factor rt
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% __________________________________________________________________________
at=2.0/100;

lv=4e-8;

1h=5.6e-8;

1t=0.2;

gamma=1.402;

w1=2*pi*fl;

evt=sqrt(lv)+(gamma-1)*sqrt(lh);

c=c0*(1-evt/(at*sqrt(2))*sqrt(c0/wl));

rt=evtxc/at*sqrt(2+wl/c0);

dz=dt*c;
NT=fix(1t/dz);

alphal=0.7;
betal=0.6133;
alpha2=0.21;

al=alphal/dt*(at/c0);

bl=betal/dt*(at/c0);

a2=alpha2+(at/c0/dt)"2;

% __________________________________________________________________________
% Effects of beam on resonator

r=5/100;
theta=0.01;
rho_air=1.293;
dV=Sxdx;

Ll=r*cos(pi/2-theta);
num=L1/tan(theta);

for 1=1:N+1
den=dx*N/2-dx/2-(1-1)*dx+L1;
rx(i)=sqrt(hum”2+den"2);
thx(1)=pi/2-atan(num/den);

end

pbr=zeros(1,time-3);
ptemp=0;
for n=2:(time-3)
for i=3:N+3
pbr(n)=pbr(n)+ptemp;
if nxdt>rx(i-2)/c0
ptemp=3/(8*pi)*dV+*rho_air+cos(thx(i-2))*(1/rx(i-2)"2*ddy (i,n)+1/(rx(i-2)*c0)*dddy (i,n));

else
ptemp=0;
end
end
end
% __________________________________________________________________________
% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

pt=zeros(NT time+2);

for n=2:(time-4)
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for z=2:NT-1
pOt=(al+3*a2)*pt(1,n)-a2+pt(1l,n-1)+(bl+a2)*pt(2,n+1)-a2+pt(2,n)....
+(1+al+a2)*pbr(n+1)-(al+2*a2)*pbr(n)+a2*pbr(n-1);
pt(1,n+1)=p0t/(1+al+bl+2*a2);

pzt=2+#pt(z,n)-(1-rt*dt/2)*pt(z,n-1)+c 2% (dt/dz)"2*(pt(z+1,n)-2%pt(z,n)+pt(z-1,n));
pt(z,n+1)=pzt/(1+rt+dt/2);
end
pt(NT n+1)=2*pt(NT-1,n)-pt(NTn-1);
end

rt=0.85;
ST=pi*at*2/4;

for n=2:(time-3)
if n*dt>rt/cO
pr(n)=ST/(4*pi*rt)*(pt(2,n)-pt(1,n))/dz;
else
pr(n)=0;
end

cal=fs/19200;
fsl=fs/cal;
sp=(pb+pr)/max(pb);

kt=(2:time-2)/fs*1000;

subplot(3,1,3),plot(kt,sp)

xlabel('Time (ms)’);ylabel('Sound pressure(Pa)’)
for i=2:cal:'time-3

sp(i)=sp(i);

end

sound(sp,fsl)
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Table 3. 3. 1. Tt H% =59 FA M& f/f

fo/f1 Hearmon 1 coating 2 coating 3 coating 4 coating
fo/fy 2.75 2.64 2.60 2.62 2.60
f3/f1 5.4 5.18 5.15 5.16 511
fy/f1 8.9 7.85 7.79 7.81 7.78
Table 3. 3. 2. UV A3td =59 S HE f/fi
fo/f1 Hearmon 1 coating 2 coating 3 coating 4 coating
fo/fy 2.75 2.62 2.62 2.54 2.63
f3/f1 5.4 512 5.17 5.03 5.23
fy/f1 8.9 7.79 7.81 7.62 7.87
Table 3. 3.3 2845 Faael A0 W f/f
fo/f1 Hearmon 1 coating 2 coating 3 coating 4 coating
fo/fy 2.75 2.63 2.64 2.57 2.60
f3/f1 54 5.19 521 4.99 5.15
fi/f1 8.9 7.85 7.89 7.79 7.80
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Table 3. 3. 4. Pendulum hardness of coatings as a function of coating thickness.

Number of UV -curable epoxy acrylate
Urethane topcoat Oil Stain
coating coating
0 36.17 £3.80 37.33 +6.30 39.90 +2.47
1 40.60 +7.41 40.37 +6.03 92.40 £+9.41
2 50.87 +6.05 52.50 +4.22 199.03 +10.46
3 58.57 +3.24 47.60 £9.50 213.50 £9.23
4 59.03 +2.99 51.33 +5.06 22377 £12.38

8 Ene $345e FHs] A8 =9 AT FPFRe WIRE 54
TGH o 2o met 4 AFs ARV ASS Adatga, Dws FHaYAF, Adey
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(Pinus koraiensis), %ty (Castanea crenata var. dulcis), 225 (Pinus densiflora),2] 47}4] 2]
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A 7l Aoltt, AE A7]E Sem x 10em =H]Eke] 22+£1°TC, AiF e 50+2%04 170€E o] %
ZHAgsdn AHeE SR HA v+, 2d2EH, $Ue AEEE, A9A FEE

A ol A- Ol E ER 0
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Table 3. 3. 5. 71A9] &3 AAnT

Species Moisture Oven-dry
P Content (%) specific gravity
L FUF(Paulownia coreana) 6.67+0.63 0.27+0.004
A (Pinus koraiensis) 9.75+0.88 0.36+0.025
WU (Castanea crenata var. dulcis) 11.44+0.31 0.50+0.034
22U (Pinus densiflora) 9.39+0.39 0.56+0.021
2) A

A9 AEg o FA ofAaddolE mge A$ 2000 mJ/em’ o FHFOR NFLUL

(high-pressure mercury lamp: 100 W/cm, main wavelength: 365nm)E A}&3lo] 7 3}A AT},
Fee Figure 3. 3. 42.9F & F=k=A7] IL390C Light Bug(International light, Inc., USA)

2 2459
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}) Sound leveling test

wope] wwe] At AuAA 4A% SFEHL BAHs7] 918 Figure 3. 3. 44.9)

Sound leveling testE AM&3t9th A48 @79 A7 "ojmay] 98] AFAoA A=
H Figure 3. 3. 459 FE Y AFAAE S3ste] A A7]oF FAE 71 HAFES dA¢

Folol A UdAF Hrr wojmy de] ES w B 49 A7]E Sound leveling

Figure 3. 3. 44. Sound leveling metere] =<5

ol#]gk sound leveling tester®] @ vad 2o A47F Aeed ol Eol trishs
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58S S9f(sound pressure)el@ti sta, Ao Zg el A7|E Uit &S
Yol Pa ©9E AHE ot
& g Aztolm, w9 WH(Im)E @YAZHIR) EFete 29 oA FS
B2 YA A& 59 A7) (sound intensity)gtil ok &9 A7lE = g Aoz 73

—

l"
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=2 (Wm?)

o7l A pE mAY Wr(kg/m)olH, cE SH(m/s), p= wWiFe

(specific acoustic impedance), pt= <99 A FZ 2 olt}. o] 2o A
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Sound Pr essure Level(SPL) = 20 log 10—’% [ dB]
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o Figure 3. 3. 1214 9] pendulum hardnessZd#Z S| x= edd 4 gt} o= ©AY
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Table 3. 3. 6. =89 259} 749 FZo] w2 Tt T

Number

Thickness of Coatings

Coatings C of Paulownia Pinus Castanea Pinus
oatings . g crenata var. o
coreana, koraiensis 5 densiflora
dulcis
1 13.50+2.10 24.20+3.58 14.33+3.19 12.50+3.96
Natural Oill 2 22.33+3.36 36.50+5.77 21.00+4.05 20.83+4.15
Varnish 3 52.17+8.15 54.33+771 45.17+5.94 47334820
4 77.33+7.14 75.67+9.42 57.17+6.80 56.40+8.09
1 17.50+1.38 21.20+3.14 15.33+3.33 18.70+3.99
2 22.40+4.02 35.77+6.64 23.17+4.57 25.30+4.56
Oil Stain
3 29.80+9.42 46.50+6.79 28.17+5.73 34.80+6.02
4 36.20£9.03 53.40+6.62 30.83+4.96 43.20+6.26
1 46.33+10.30 49.50+4.39 40.33+5.69 4750+7.27
2 65.33+14.62 90.50+6.10 50.67+6.63 62.00£8.54
Urethane
Topcoat 3 90.00+16.60 | 117.67+14.61 76.00+7.94 74.33+8.96
4 117.50419.23 | 137.50+14.72 97.83+9.97 120.33+6.65
1 78.50+15.37 75.00+12.54 69.83+10.17 74.33+12.98
UV-curable| 145.90+6.15 | 138.00+1566 | 126.50+10.17 126.00+31.93
Epoxy
Acrylate 3 25350424.35 | 256.00£20.02 | 193.80+15.15 191.67+26.87
coatings
4 376.83+20.48 | 404.83+26.13 | 301.00+21.62 | 276.83+23.72
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Pendulum Hardness (sec)

Pendulum Hardness (sec)
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c¢: urethane topcoat, d: UV-curable epoxy acrylate coating

Figure 3. 3. 47. =92] FA 9 W& =¥l pendulum hardness



) =9 FAlo] W& sound pressure level (dB)
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2 247y 2.0mmet 1.2~25m7F A @etrhal $ok(Bucur, 1995; k¥, 1991).

A& Jtoka(koto)ol] AHEEE EUFo] Biel gk 7] b e A 2 A
A, g5, FH0 Ak Forh, 1987). FR o] &2 B del s St &
g FEeA EHE SArt o 5 A AR 4o B2 GAbdC A B &5

nz @ Tz
Ao Asdd mel A% Aol T, TS BUF Sl ZHAE BE W] A

oA HHE Aol 7HE e FrkE A& F Utk A5 Al(quarter sawn lumber)E FH
Fstay, Aol Fow FEA(flat sawn lumber)E % 30
W ool o] dasit. f¥d Herl FF3 Zo] wigrAsta, O TR mue] RExYURTL
Ak FAY BACNA HAHo R WstE= o] Frh wgk o2 22 o] FEo] ¢l

al
Eol 2 WAL BAlE 1AV Qo] Bk Belh Esn FAL BAt AW Sv

Agdel atelE HAHo® &4 4 Atk lodgepole pine®] A9 L7t =555 FY TS
ste=dl, 1 olfrv AMAERELEYE A4S FEEO] T

I gt (Wiedenbeck &, 1990). Kim 5(1983)2 1%, 1% % 527 u& stghsy =
H

38 2ASEEY, £F B o7t QAW Awr} FsE @ade] gasta A
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Aol 5% FEEY0 /st 43S dehidvn @k 2oy nnd medE R
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tlo
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rlr
82
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ih)
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ofy

1
do
k
L
Hi
o
)

N

N
Er

2. A9 WEFEEA
1950t o] dA7kA R stH et HFolEe U2 F2 SAoldon, 1 ofF HAedd

Hgsetpede WHOR RN vwA we HAE guond dFolre WF AT

.
WA Zolnv] of gy,

ZA s 3t A= Hearmon(1948, 1961, 1966)0) o2& A HS o|F & dF A
(Nakao, 1987)2 A2alnt fu-2 Aud AL ojga Zae Zeojstd el 37}

THa vk

Jo

7b. Be F

Ho] WF HEEdEsoRr 728 5 oy oo g A4+ tvt
9l tH(Hearmon, 1966; Brancheriau %, 2002). H9] Zo]7} ZAolkx mxFEo|AE A
3| A BA S 183 Timoshenko H o] &S A &&tojof e} e} L A3 oujoM =

IoAdel #HgE adstolokyt dnh wmEd HEd we] AXE At

==
2%

5 A E

rlo

’ ’

rlo
O,
oo
_R:J_,
i
)

juii)

(Nakao, 1985).

3y 0% | e 3%y E 3y

Bl a +oAa 76 5p ) — eIt 5q) 75 250

_pl Py I Py . pI Ay
KG (ﬁb+ﬁs) axgatg + G (E775+ GT/b) 833'4(9t + KG 8t4

IV _ p(gt) 6. 2)

o714 Ke H 9o AdSHEYXE YJele A4 (form factor) 2 At

of\
o
=)
L)
i)
[t
N
=
=
B
L
S
i
ol
EUNEV)
o
© ¥
oo
o
AL
K

$-7]%= 3t} Hearmon(1966)°] w=w 4=
K

gtk # <t Hutchinson(2001)2> K AAEA S Fsidsdl, AW d due] 45 B die] g
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o} Folgu|o] wEl g3S W=tk 3t} Stephen(2002)2 Ko 7FAo wE
Aol tis] ®Bask vl 9t}

o
2
oY
B
N
lo

A7 n,ne B8 Ao gk A A (coefficient of viscosity) = =4 12 (loss
factor)e} © Al . FR T AAE the A I 2ok

tand, B tand ,G
) (6. 3)

AAAAF7E 070 @R AS Ay §E F¥ 4 At (Brancheriau, 2002

Bordonné(1989d)el wh& kAt we] Rew FlFues a3 2ol 72 5 Q)
1 | EI P
f, == u (6. 4)
" 2wy pA 1 EI
1+ =L m m) + B (m)
o] 7] A
P, — [%ﬁ [* = m*
Fy(m) = 6*(m) 4660 (m), F,(m) = ¢*(m) — 260 (m)
an(m)tanh (m)
6(m) = tan(m)—tanh(m)
deiu A7) A2 g 22 ARl Ao "
L 1 _Epyia
z (1%2 GP") (6. 5)
3 Nakao 5(1985)2 HEA RO FXFaael ned EHAARES 5T F U= 45

wekd 47 4 6. 50 o BAFTHE dFe vhas ge moole A nmy g

L1 127°G i 1
JEE AR(L/h) 7Y 20013 E/G = 10°0] 2k 182k RE=7kA] o F3 4= Qi)

Bordonné 315 FAlsiA el ogk Aztel nluwgk Axt, A7 102 Aok 22 =0
st Qb= oF 1%= w9 A &3}9 th(Brancheriau, 2002).
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upeba] A7) Ae olgal] Hol tia] e AFE Al o] e @A At
et ddedAS5=E +E 4 Atk ol9k A Timoshenko-Goens-Hearmon(TGH) Heol #
Getd A E Tl AFEE 2 9l e (Hearmon, 1966), 7 5(1988)2 &gk W
SAEF ek AdEAAASFE F3 8} v}k Kubojima (1996, 1997)2 TGHY

gAATE Feted ol 2 Agmd vAE dFES AR,

o
-

-
i

0

u:E
N
fo

o=
o=

2
i

ety

gk ofUet sl AR Ade] GFe FAG Bernoulli 3 4 (6. DelA Fi3 7t
“07¢] gtk wlekA Bernoulli 319 Bordonné sfol w Fup4g 247} fo fooha dE A%

H7b Fastn REFAE [/, S 8 @ 4 Qe

MEYAEA Fuafne] FAFAEE e 4 6. 92 dHd F gonz FAFERs
% 5

g 243t dthd AVBAAFE ART S Atk RE} FATEF 4 6. 99 LAt F
7hath(Nakao, 1996). WekA AVEAASLE T8 e 1Anse] $AFHEE 465
of oyt Fe},
_n GwyK = ...
f.= 5] 7 (n=1, 2, 3, ) 6.9
o171 A
_ 1 2, 12
J= 55 bh(b2+h?)
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ov'ot
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ox'ot

'

4 1 1
0w 0w M+phat2 + 0

axZayZ +D22 ayél
:Nﬁ_zw 0w
X axZ ayZ

2 (6. 1008 52 HUlstF(in-plane load)o] ol &4 we] A2 {5 45

+ 0,

0w

+Ny +2ny axay +F(x, y, t) (6. 10)

=
[ﬁ
lo,
td
[t
{12
of
™
N
5
&
{0
X
22
i)
5
rlr
v
dlo
i)
e
2

mode(1,1) : 333Hz mode(0,2) : 377Hz mode(1,2) : 751Hz

mode(0,3) : 955Hz mode(1,3) : 1313Hz mode(2,0) : 1370Hz

mode(2,1) : 1494Hz mode(0,4) : 1681Hz mode(2,2) : 1839Hz

(p=390kg/m’, EL:11.6GPa, E,=090GPa, E;=0.50GPa,
GLR:0.75GP3, GLT:0.72GP3, GTR=0.039GPa, VLR:0.37, VLT:O.47,VRT:0.43)

Figure 6. 1. The first modes of the orthotropic plate made by sitka spruce.
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ey 54 RS 99 oy Wl Fod B EAE B4ds e i)

T3k o] 7R AAZRAN wE FZ2F34E Rayleigh-Ritz ez 7& & Ade=d, &
2 ol 3 FRAFoSEE L 2 6. 1D o] e 4 Adth(Hearmon, 1961; Nakao,
1985).

- L /L D 2D 4D, 6. 11)
fr*% E( 11 + 20T b + 2D 2b2+ 66 gbg) .

o171 4

a=a / medA// W2dA, az_b“/ wdA// W2dA,

ay = aQbQ/ meyydA// W2dA, oy = a2b2/ WgydA// W2dA

| 2
g7 28X =d(Ding %, 1996; Rajalingham %, 1996), thE A ¢l A& Azt 2 H4s<

Zag g2l EA W8t (characteristic beam function)E A}-&3t= 72 -$-7F &}

)

¢, = coshf,z + cosp,x— o, (sinhf,x £ sinb,x) (6. 12)

Table 6. 2. Characteristic functions (Hearmon, 1961)

Beam | cos | sin | 04 Qy o G | 5a o End conditions
(n>2) (n>2)
cc - - 10982 | 1.001 | 1.000 | 4730 | 7.853 | (2n+1)n/2 $,(0) =¢,(0)=¢,(a)=¢,(a)=0
Cs - ~ | 1.001 | 1.000 | 1.000 | 3927 | 7.069 | (4n+1)n/4 $,(0) = ,(0)=¢,(a) = ¢\(a) =0
CF - - 10734 | 1.018 | 1.000 | 1.875 | 4.691 | (2n-1)=/2 $,(0) =6.(0) = ¢%(a) = ¢,(a)=0
FS + + | 1.001 | 1.000 | 1.000 | 3927 | 7.069 | (4n+1)n/4 ¢,(0) =7(0) = d,(a) = 6)(a) =0
FF + + 10982 | 1.001 | 1.000 | 4730 | 7.853 | (2n+1)a/2 $,(0) =¢5(0) = ¢,(a) = ¢,(a) =0
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G deAA Y ST gEd 2o
= \/2sin(nnb,z/a) (6. 13)

wWeba el SARSE et gel W SAWSY F5GuE e 5 glvh

mn_ E Amn¢m n( ) (6 14)

m,n=1

Fug 7t SFshel wpel W o] SUFsk=d], Nakao(1985)+ = o tish o &8 oS
213t ol YEbl AT
Dntcmd +D22tan5 T 2+ Dy, (tand, + tand, ) — 262 + 4 Dggtand ,,—— 262

mn "~ (6 15)
D=L 4 Dy, 22 7+ 2Dy b + 4Dy 2b2

tand,

o] A3+ Caldersmith(1984) ¢} Mclntyre(1988)2] A xte} 719 Hd3)r}

g Asel & o] Agetd FXFagEe Srbek, Wt R 58 o] AHEshd

7+t Al ¥t} Dickinson(1978)2 Rayleigh' & o] €3] W 3dl5(in—plane load) ZH&A] o]
Az de Fa o F24E 2w vk 9o, Kang (20022, b)> ZHE w2 d W
ool T Wslel] n A= J&Fo] diE] Eadk up vl T3 Nakao(1987)&= &2 3 W

He olgdl B Ao JFS ue Mindlin #e] FHF o5 dgo] dig o=

Ver, Vo & YHA AR Hol Aok #8e tandy, tan dp, tan o, tan 8 p, tan o 1,

tan@RT ol 67]’X]i :rLHzﬂ' I 9}1\]:]'
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BA9 MFe] F/hshE AW BAge] FoHEE iy sty YA ge F7h
ATHE 3). AFRF BYATE Do guldstAn, BuFe 359 vAg] F53 2

87t gt a2y JAGFY 55 Epe 450 vl ditts ®a% ¢lth(Norimoto, 1987). o] 9
gAAF7 o2 ol AXE Fdwe Ay I wjde] 7] dtH(Mark,
=

| & AR A3 3 29 19 20 Y

&
o
2
T
oX,
)
A
R
Lo
r o
L

Table 6. 3. Approximate mechanical proprties for wood properties in terms of density
(from Gibson, 1988)

o Direction of loading

t
FOPETtY Longitudinal Radial Tangential
Young's modulus Esx(p/ps) 0.8 Esx(p/ps)’ 054 Esx(p/pe)’
Shear modulus Grr=Gr1=0.074 Esx(p/ps) Grr = 0.074 Esx(p/p.)’
Crushing strength 0.34 dysx(p/pis) 0.2 oy (p/ps)’ 0.140yx (5/ps)”
Shear strength TrrR=1r7=0.0860y % (/ir) Trr=Cosx (/ps)?
Fracture toughness

¥2 20%(p/py)" 18 (p/p)*?

(MPa”*)

¥ ps=cell wall density=1500kg/m’, Es=axial cell wall Young's modulus=35GPa, uys=axial
cell wall strength=350MPa
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Table 6. 4. Regression coefficients between specific gravity and elasticity.

Species E; e E; Grr Grr Grr
a 4543 3.398 2.879 3.124 3.277 2.531
Hardwood b 0.978 1.228 1.618 1.271 1.227 1.487
P 0.562 0.814 0.827 0.696 0.747 0.764
a 4.588 3.525 3.147 3.550 3.480 2.246
Softwood b 1.133 1.028 1.412 0.699 0.939 1.332
72 0.527 0.780 0.802 0.417 0.683 0.213
* log(y) =a+bx : y — elasticity( kg/cm?), x — specific gravity.
Hardwood Softwood
6 6
2 2
S 55
2 -
w w4
w w
ion t—g, 3 7W
o E oo u]
2 : : : :
. 3 4 5 .6
Specific gravity Specific gravity
@FE, OFEr VE; vGir BGrg OGrg
Figure 6. 2. Relationships between specific gravity and elasticity.
AAEdAGTRYG deAde o3 FHedATE oF 10% o ZH(E 5, 1988), 253}
Alge o3¢k BAdASTE AeAdd ok ARt ekl A9 25%, WAPEEe] A=
25% ©]% ¥ A (Bucur ppl36). 1 olfr= steEHErt F4E, S5 Tt SUMESE 2R
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A 7] wiell dAstval g sk 2ol dwkA o] th(Okano, 1991).
= A% 2L dAE ol & A E 7Y & Ut (Weaver 5, 1984)

i+ Lj= LR, T (6. 16)

Sy Eaje] A% ® 59 2ol Gup Gmol WlEl Ge A7 Ae et E AL & 5

Table 6. 5 The ratio of measurements to theoretical values of shear modulus by Eq. (6. 16)

Species No. of specimen Grr Grr Grr
Softwood 54 1.95 1.24 0.804
Hardwood 29 1.76 1.15 0.896
Average 1.86 1.20 0.850
4. Zobgu)

ESE B ohe FAFs FAFAAE Aok 2

[

o,
Ho
rlr
2
S
2
iy
Jm
oX,

_C|>__
UH(Table 6. 1.). 53] I9T AT ver/t Adgrd 28 2,
of 7iletta A7t F2 FERoR o|Foixl HYPF= RT HWolA #Far|7F #ds)
o2 #Fazizk e e 233 5AFE o]Fox @95l v FE T Fr] witol
=3
Silker(1989)¢} Zink 5 (1997)0l <Ja] Eolgulel gro] vl 22 ve ¥ v o AW
Aol thE A7F AAEW glom Kahle 5(1994)& A Feo] w2 Fopfu|e] o

He AAEE v o

ol

oft
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Table 6. 6. Average Poission’s ratio for various species.

Ratio Softwood Hardwood
VLR 0.369 (32) 0.382 (43)
vrr 0.425 (32) 0.520 (43)
VpT 0.493 (32) 0.701 (40)
Vo 0.336 (29) 0.329 (30)
Ve 0.034 (14) 0.051 (30)

0.023 (14) 0.031 (30)
VL

*Paranthesis represents number of species.

obgHl el Wxgte]l A vk A8 (Wood Handbook, 1999)¢h =1 whe] i3] 7}
A (Bodig, 1982). webr] 1 BAS 7] 98] 2ARRE A AP Aew dREe #AE

bl

53]
Re Aowm vstwth au 959 AT vig Vo Ver Ve Ve Y1l AARE0l 242

0.155, 0.238, 0.446, 0.249, 0.548, 0.0434= =1 ZFFol we} Zol= YA Uxo uwrel ZF715k=
%S ek 2o Bae Zobsuldl fE o we AT Badt

- 229 -



Hardwood Softwood

1.0 1.0
[ b *
o

o 8 ° ..0 iy 9 81
= o | &
© w < *
= 6] O e v 6 . 8 ¢
= - ) o 0. m
T e oW D ogiges®™ ¢ D o n
S 4 . o oh SN
@ " [ 4 2 Py .
° 2 D 2 T
o v v 9 - Q o—ac0 —O o

0 ——9 oo VAT v 0.0 |

2 4 6 8 3 4 5 6
Specific gravity Specific gravity

@®vpr OVer Vv Vv BVyip Ovir

Figure 6. 3. Relationships between specific gravity and Poission’s ratios.

Py vAls Hgor fgiEET AEdES FEd(thermoelastivity) 9 €A

(viscoelasticity) 2 WY& & 221 (Chaigne %, 2001), BlAE WHE 23} acoustic

radiation damping), A3 3 7] % (linear air pumping), ZZ7ZHF (Cloumb friction)® Y&
o 9o (Nashif 5, 1985).
debA e FE53 o] dHEr 2 Ase BHI BAV Jdoy EAE

Rs

wol ARe) WP A @goln,

3} 3
=

-

5

o -

i
¢

@8 % 574 (logarithmic derement)= A xl-s 2 AAX o= 3 & 9lom, 71 =&
A o= v A (6. 113 o] F79 oy AEda #4d o
AW =2WA 6. 17)
gk A (6. 18)~(6. 19)9F o] o] 7HA WHow 8 5 gtk

1, A 069315  6.9315
A=—In

n An+1 B tfr B Tfr (6 18)
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T Af 1

A\ = (6. 19)
%, [A/A 17
w3l &2 92} (loss factor, loss tangent)9Fe] @A = th&3 2o}
E" _ A

de Bale] A9 FARAL AAHNE JEA gtk Sl AAY wFAA R
A

g ol&dl Are nHEAS

on
o
of
=
IR
-
rlo
I
=
o,
ofh
hu’
s
=
o
=
X,
i,
)
o,
)
.
flo
ox

aela Fagrh Frkshd W e] Frhskedl, Ouis(2002)+ vha 3 28 RS sastal
B (c—1)sin(ar/2)(wr,)*
1+ (c+1)cos(an/2)(wr,)* + c(wr,)®

vy

ANM ar HFR 0<a<l, c=E,/E, T.& 934 3ko|t}
Ax 71E ATAe &
YeER AT 28y 7

Ouis(2002)e W= spruce 4% =03, c=15, 7,=10 "% &3
Ak @k WD o 100kHZAA F7A8ert gashs 43
BF el = F7bskaA ek

Wkl ol AdE XAFSHZ] 98] Haines(1979)¢] A& A8 KW, tan 6,=0.026/x,

tlo

tan 6 =0.063/1°] i tan 8/ tan §;=2.4%2 BA A5 vl oAl 2Fgkth. T3 Tonosaki 5
o] 13¢F9 3+ tandp/ tan§;,=2.0~3.02.2 vl = A9t Hearmon(1948)e] w=
Aok sabeke] ok ul= 3~4ekal gtk 1AL tang,, tangp, tangrol gk ZAL
= Folr 7] oy -y AFueke] AxY 2~3 AE ®th(Hearmon, 1948; Nakao 5, 1987)

ghg A groll wkul sy, o] AVE T 91 5% welaz

al
vrd AEy fEY A Ay Aakate] 9dthar ok (Norimoto, 1987).

tandoc (L) (6. 22)
E
Teu WS s Al E Al wAlol 7] Wizl o] AR, W] 22 HA
S Ader] fleiMe 2=7F A @A 2 FEe Ageor e AR 4 9
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e 12%704 Axsd Ep g oF 30% btk ey

Ep Er % G 98 Wgel 44 o mtstth. Zopdle ohd Wgel weh $7F B

Aastl do B2 dd of 5-8%0lA HAE WElaL, a2 olstel o] e Pl
LR

Aol WP oF 5% A= =rlEcta fﬂ'D}(Hearmon, 1948).

4. ZA o719 FAEA AA

oA AT BT E S A% oAy AUt AAEASY AR B =
HAF7F B7] wtol vaE b)) ol Hoh

g ddow Bwe FAAES Feotstyl 93 Wyl dis) B2 A 7F o] Folxlon
(Caldersmith, 1984; McIntyre & 1988), ZluA A yxolFHH|E =437 A AlH
hEet AZmES tE A3 Zo] JhyrHojop dt= Aol Qlal, WHEH o®m refofof s d
ol Stk

%

il
ol

a DL 1/4
2L —q _)/ (6. 23)
b D,
gy gk SALA A BE BREE FAH o R FiEdhe AL vfg ofHoh kst A

1217} nodal linedll 3|9 R=9 Fug A ER Fo] wjg 7] ujito|rt. webA Sobue
=(1991) ZAYX7} g2 Fu¢ ~H9EHS AR gAY wE o s s A

o FAYAS SR PR AR T} TokgulE T AL e
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Grédiac(1996)2 715 ¥<E Rayleigh® ¥ Z3sto] oWt el FAASTE AH +8
A= WHS AR =, FEeLHY vuwst Ay S, A, oA e Foz o
27F ot AuAel A A= 1%0]stE wl-$- 2k

b7l A DB HrhHoz Ahddel e JE/L, VE/p /tand, tand/E 53} 2

2 7]¥E9 H(beam)oll w3t LAY dMolA = d F(plate)o]l I 23 HIIHO R =
Haines(1979)9] X9 F7iw gx2o] glom

VE/0® VEg/o
tanc?L tan@R (6 24)

] (6. 24)& o] &3] do| B=

L:

e
o
-
ol
rr
>

3 Tonosaki(1985)+= A AT 71RA] S312
SHASF (RS 3l Q)

F 1
A= (6. 25)
Amim’ phy[(FF— f7) + tand*ff?
AR AT (E/p), & 35 E2] Aol At A oful= FAR ThxIEe glo] HigkAy
AG7t 255 2e7h B vk Rolu, AMHo R ot pe Aule B Jonw wew

T(response)”’} Wz ut A & (flexibilty) 7} ot =

B
Y
[
dx)
o
o,
fo
AC
N
M
o
Bh
_0|L
2
o
olo

o}71e] FRE WMo Wass AL obd mwke] WrkOkano, 1991). AT o)
7

AFA NASHN SHEol wet selo] Do] thEt dF Eof Jge A @v &
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FoAge &5 vpEEA, &7 259 S (response), 71EF A 2] admittance 2 =7}

g AFHYg ol TS wev wepA 53 AFAE AFA GV SHEA e AF
7IHE 25 2EE 24T F 7] WiEolt
a8y AFEAS FAISt @3] Jansson(1997)2] HBlXA] el A <93 SHS FHAHs=

Memmraliend [rrcm
Wormealiesd pressurs

(a) Measurements (b) Simulations

Figure 6. 4. Comparison between measurements and simulations of sound pressure by a

xylophone bar struck by a rubber mallet(Doutaut, 1998).
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ob7le] x4 AEHolA A¥NE AR AR EIA = AT AFH G5 2ER
Qs 204171 Fukoof 74537 = 2 tH(Chaigne, 2002). 18y o} A7k A &= 18 A9 34
o & = ARl st dEls Aol 7 2 EBAACl dF 5o] Wad ded

H(string)®] EFACl og 1%+ xEE ded, oF 100&x2k= AlZre] 42 ¥ U tH(Chaigne,
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