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ABSTRACT

Acoustical properties of chestnut and paulownia woods have been determined in four film
thicknesses of oriental lacquering and cashew varnishing on double surfaces of soundboard to elucidate
effects of finishing. Accelerometer was attached to the specimen at one third position from one end,
and specimen was hit by the impact hammer at one third position from opposite end. Data were
processed by vibration analyzer.

The ratio of axial-to-transverse sound velocity of untreated specimens of chestnut and paulownia
were 3.25 and 5.34, respectively. Natural frequency, specific Young's modulus, acoustical coefficient,
sound velocity, damping of sound radiation(DSR) and acoustical converting efficiency(ACE) decreased
by oriental lacquering and cashew varnishing for both species. Damping of internal friction of chestnut
decreased by oriental lacquering and cashew vamnishing, but that of paulownia increased. Natural
frequency, specific Young's modulus, acoustical coefficient, sound velocity, and DSR decreased with
increased film thickness of both finishing materials. However, damping of internal friction and ACE
showed irregular tendency with increased film thickness. Acoustical properties of cashew vamished
chestnut specimen were better than those of oriental lacquered specimen. Acoustical properties of
oriental lacquered paulownia specimen were better than those of cashew varnished specimen.

Keywords : natural frequency, specific Young's modulus, acoustical coefficient, damping of internal
friction, sound velocity, damping of sound radiation, acoustical converting efficiency
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Table 1. Moisture content and density of specimens used.

Species Specimen Moisture content(%) Density(g/cr)
Untreated 14.6(0.45) 0.59(0.035)

Chestnut Oriental lacquered 14.4(0.49) 0.59(0.034)
Cashew varnished 14.6(0.41) 0.59(0.025)

Untreated 11.8(0.24) 0.29(0.026)

Paulownia Oriental lacquered 11.1(0.44) 0.30(0.019)
Cashew varnished 11.5(0.32) 0.30(0.020)

¥ Values in parentheses refer to standard deviation.
2.2 =X

®

Fig. 1. Shape of specimen by grain direction.
(A):Specimen for transversal direction.

(B) and (C):Specimen for axial direction.

RE Re AdEd, £33 AA(FAY, £ sl
=ER3A)EE 47 22ZMUER)F 4AGRE) 57
#H A 10704 A8 o]E EE AgHe &
E 20T, gk 65% Y& 12% 2hdoA
P =ud gAx zeAddAt. #5394 A
d grgd 9xE ¥ 13 2t

AR e 2539 AAgeEAM dUxst
1.02g/cuio] 1, WEF} 5118 EFY, Fx 1215
cPsl BMeig Alg3R o, slr(cashew):
St A TGANAM A2 A% 099g/ard) &
A FHrE Auet 5112 ERE HE 990 cPsel
B Aol g ALE-8l9 T

ANYEY FHo] B& o)R3ld g3 JE By
witog ztz}h 13 £¥3ly 23 EXEEE 13 &
¥} e Pz T 4 437HA] wE 33
ot HH =9REAE =3d 89 FAE £89
HFEd =¥UH0R o FEYm, =¥PSY
TFAe ¥ 28 2o £ EAAYAE &5 20T
& Aiies 0% g28E710A 24N G4
¥ Ased JYPrg 2P0 ZEgAYsd 28
A& FA%4.

Tabie 2. Film thickness by number of finishing application.

Film thickness(zm)

Species Finishing material

One Two* Three* Four*
Oriental lacquer 58 108 136 162

Chestnut
Cashew varnish 48 78 154 176
Oriental lacquer 64 126 168 200

Paulownia
Cashew varnish 60 96 174 194

* Cumulative film thickness by No. of finishing application.
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Fig. 2. Diagram of apparatus forvibration analysis.
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Fig. 8. Acoustical propeties by grain direction for chestnut and paulownia woods.

g 800 g 40 = 1600
— 2
é 600 : § ¥ 30} £ 1200
= 3 400 '~§g2.o4 8 800
© = -
E 200 | 82 1.0 g 400
0 8 00 2 o
Chesinut  Paulownia 4‘:" Chestnut  Paulownia
g 0.08 :@ 8000 P 2.4
g 008 | £ 6000 v 18
Z 0.4 ' % 8
50 § 4000 33 12
E
g oo g 2000 < 0.6
0.00 & o " 00
Chestnut  Paulownia Chestnut  Paulownia
- 4.0
“w
$ 3.0 .
2 B Axial B Transverse
88 20
<uE .
- 1.0
Aod “ b D$R:Damping of saund radiation
0.0 ) ‘ ACE:Acqustical converting efficiency
Chestnut  Paulownia . Error bar:Standard deviation

FE JeRUY. Jl =AY FLE & =F
AgAe AR AR AEE JYeEhin o, %
EANHAAY ARt Z4x =7 s

F EAAYAe HFHGEL Yo E 74
2 Ae e ZAEHE AF%e JehiRed, 13
3 o)% 28 =N FA3 264x10"dyne/cr
FFo2 ARG} 33 =M F715E F 43
=M o #Aasdd Al EAAFA] A%
di 13 =AM 4 F7rstd oy 23] TR
' E¥Fo] Z715ol ot g ase AL
Vehil e

£ EAMEAY FYAFE 23 TAAA 359
FFo g FarH) 33 =3AA % Fos
F 43 23N A Zagddd a8y e &
A e A EXFo| Fgd ok A
9o AHHoE F#Aade AL Vel

£ =AM WRelEge 13 =AAAE
T2 49 A4 nlsesigon 28 =34 468
x1072 HUge YNz, 28 EFeARE 7
287] AEsle] 43 £3dA 313x107%2 Hag
£ Jehidicth sl ERAAE 13 =30A
#astgou a1 olFdE gAY FAH
T Ag%E Y.

£ =AAYAY £ 23 =AM 5113%
FEog 2t 33 RN FE F 4
3 R ME %7 ZAsY. 5 =3 A
9 A$dE 13 EFqA 5363%E FAH A9
RAET 47 FoEk o) 23] =4 e ¢
AasteE A% YT

£ =AY SR E 23] =34 0870
X 10°en/dyne - sec7tA] Zrastd  HAze vER
A7t 33 =FAA FUHg F oA Zdxs

- 30 -



e S4B AT YA M 4%

N
o

750 ) 3.4 ;
- .. ... H
T ATV oo X ® N O X '
-~ 725 : MALE ASLEASARALN 3 . SR LI
z N x |5 _.32 v . I
& L o) B ® [
3 ."'-‘ @ g T . .o Pt
g 700 W @ 230 L JSPTESY S i
2 -3
® W—'ﬁ\* S:O
5 675 b Lz
1] .
2 &

o

g
P
o

Control One Two Three Four ' Control

No. of finishing applications

One Two Three Four
1300 | 5.0 !
1= | & ;
o ! R TSt SRS S b ;
S 1050 | $::: S - IR :
D { c :
§ ! P L ;
=~ 800 L2 40 ;
© t ! [t :
0 I !
g ! : f
2 550 | § 3.5 |
2 i = | |
e . S —— s i
300 - Ik 3.0 )
Control One Two Three Four I Control One ~  Two Three Four ‘
J; i
~ 60.0 | 2.4 \
0 | '
% ? — i
E : K |
v 70 R ZT et X @ Y Mk Xeooeo. i
- l ‘.o i 3 ~@--... gl 3 |
~ [ Se. =~ i
z = g . ‘e 1.6 T
£ 5.0 ! ® e 5 ;
o e ;
g = P
2 . M z 12 o
5 ] \/ [a} i
3 | . S s——— \
50.0 08 : - i
Control One Two Three Four Control One Two Three Four
L l
3.5 r :
' .-..
& 1 —&— Double surfaces oriental lacquered
v . Chestnut wood
o .
c
) T -3 Double surfaces cashew varnished ‘
.:2 ; Chestnut wood
g )
~ i
e ! - - @ - -Doubie surfaces oriental lacquered |
o Paulownia wood !
Q .
< - - %% - -Double surfaces cashew varnished :
5 Paulownia wood |
Control One Two Three Four 1
)

Fig. 4. Acoustical properties by number of finishing application for chestnut and paulownia woods.

- 31 -



RS - REE - AR

FHr ERAYAY AeE TEZo] FAYEFE
4389 43 =FA HAHE Vel

£ EFAAY SHYEEL 28 =AM 153
x10'cn”/dyne - sec®7HA) Zastd Ha7t @ £ 39
=33 F718d 48 =AM 243X107en’/dyn
e-sec’e2A4 EAEAY Fud FolA s &
AAEAY A9e 13 2goA T4 AR
o =ont 28] =ANMREH Zaddos) 33 &
FRY F7kEsd 2 43 dAdgeE A F(1998)0)
Wiy & Y 13 =AY S8AFS S
A7 §43] g2 olF A 4AEA Fx=H
A1, FHrAAE A9 WIE Jehixl gide
B lgg AL e 284 Ade gre 2
gata Atk

EFURY &3 sl TAAE e S
HaE ¥ 49 #o), £ AN TAAES
T EXFo] U e #pide FHE U
Ak e EAAYAE £ EAAAAY AT FA}
3 A%E JeEhSiow a4 Axr) ksl vE
R38N FEFHHARD 2 & vehld
i, 38 EFoA g7t FUe F A Base 3
g B{ch

£ =AY HFHGEL 23] 3R] FA
slh7b 33 ZReA ot FHE ¥ 4 EACA
A Z2E g 23 gAY FLdx %
=AY R FAR AEE Jehhlod, £
=3 AgAY AR 2 Fxrt gorsigc

£ =AAEAY HALE £ ZXF] FIE
+E Fd3ez FAAEHR, v EAAAAY A
SoE 2 S JeEdEY, £ =3 MR
o A4 Azob gusth

£ ERAYAY YRolEge 138 =P
#e Uehiew, 23] =AREE F7138d 38 =
oA A7t =HAds 43 =AM R A9
s £ Hw 77 E2FAAY BSdle
13 =%olA HAzhe eI T, 23] ZFA
7t & ¥ A& gasgo

£ =AAAY 452 EXFPo] FESFE &
o] 484D, Jly TEAYAY Foe v
AL Yoy £ =AMARYE T
e} gastd .

$ SAAAY SHAIRHE X FINESF
2 FHHez 499 a8y Jlr =AARA
' £ ZZAEARG gusiA Ay

£ EAAe AN SHPELL 13 =34 332
x107cn’/dyne - sec®24 Hdg Jegen 33 =
AR FASYTIL 48 SN A Z71E
Fl ERAYAY A$dE 13 =ZA 3.01x107
on’/dyne - sec’24 FAeAY ARG A ey
Suf 23] =AM AA AHEHE olF 33 =IAEE
Z718gt. 2 A7 dA: 3 (19980 251
5 £ HAZRAMIANY FANES, HZHYE, &
FAF, 54 2 SR E e HAEELA A
9] Yy RE ZXFAAN ¢ EA v B
I && AL 7e 284 A e A
& Yehigit #4302 334 o, 23 I &
Bl o IR e FURe S¥HL #A BE
AstE e A% ey $EEE 2HdA
B ¥ 2oz gAY =28 94 =% £
T HY 239 BAeu 24dged whige st
7 EFAAAE & E=F3AIYRTG S ou
LEURS ASE & =AM $5E5h

4. 8 B

FUFe LF3UTY dARtgs DY 49
Hl &L 47 3258} 53424 2FUYEE HEYVY
&g, 283 FE AW HAE R
o2 BF7HE U

o8 %9 &7 Jsiv =FAAAY FAUEF,
HEHYE, 9T, &5 A S48
&L FAIAY ARg F4sAx, FIEY uR
e o, 2FUFY At 38
o EE REFo] I/ wet IVAEFF, ¥F
HYE AT, &5 £ SPRE Aade
A%e UEigla, Wil SA8EEL dAY
Age A gt Tz YoM sk =%
AGAE & =AY RT FAAFS, HIFHYE,
TEAF, &%, SPARY $raHed, Wit
A3 SHEALA JoME AH3HA.

Fus FheAEAe] SHEEES AU A
2o fedtgloy e3uRe A4 9 4%E v
Bl A& A g $%H 4Ee £330 &
A AgE Jdehidth 3% oA S84
Be eFUR7t U EY o FRIUL, £
ol Qlojde AN} slpAeddEg o F
QA ekt FUFS eFUFY F¥EE %

- 32 -



A7) ggBe] Fungel $P4 AL 93

3 spAdel ds FA == AdHE 3¥E 4
ehigion, duRY sh =FARE £ ERA
AR $edoyd 5T Aee £ =%
AGA7 3k

2124

1. Minato, K., T. Akiyama., R. Yasuda, and H.
Yano. 1995. Dependence of Vibrational Pro-
perties of Wood on Varnishing during Its Drying
process in Violin Manufacturing. Holzforschung.
49 : 222~226

2. Schelleng, J.C. 1968. Acoustical Effects of Violin
Vamnish. J. Acoust. Soc. Am. 44: 1175~1183

3. Tsoumis, G. 1991. Science and Technology of
Wood. Van Nostrand Reinhold: 204 ~207

- 33 -

4.

AR H - BEEEE 1975 SRAR O REHHE
2 Rt B AKTE 3009): 400~
402

. 8 - BhAE 1988, WHRA RATEHRES AUBTTEE

BiEe geiREm HEA B¥ BE BAIE
16(3): 48~64

. EBEE - A, 1991, REIERSC o8 BMHR

fiEe] Ty HEe FES BY FE ZAT
. 19(1): 71~80

. RYA - e - AFE 1998 AFYY] &%

o HARFA A% SY4Y W F=EAT
33 ‘9gstedEETR: 102~107

CFEA - B8N 1997, geed et oy

29 SRS vAE G BT 250)
61 ~66

. sl 1985 WHRA WM i Bat

B EAQFE 13(3): 34~40



