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Studies on The Free Vibrational Properties of Traditional
and Replaceable Species for Sounding Board *!

Wook Kang*® Hee Suk Jung*®

SUMMARY

This study was carried out to investigate the free vibrational properties of traditional and re-
placeable species for sounding board, using piezoelectrical accelerometer and signal analyzer.

In the study, the frequency equations of free-free beam carrying a concentrated mass in the
transverse vibration and of free-mass beam in the longitudinal vibration were used.

The results obtained were as follows.

1. Average values of dynamic modulus of rigidity of Korean commercial species measured were
as follows.

Paulownia tomatosa (Thunb ) Steudel : 5.590x10° dyne/cm?
Tilia amurensis Rupr.: 5.414x10° dyne/cm?

Macckia amurensis Rupr. : 10.044x10° dyne/cm?

Fraxinus mandshurica Rupr.: 8.876x10° dyne/cm?

Ulmus davidiana var. japonica Nakai : 8.677x10° dyne/cm?
Pinus rigida Miller : 6.33x10° dyne/cm?

Fraxinus rhynchophylla Hance : 4.666x10° dyne/cm?

2. The ratio of dynamic transverse Young’s modulus to dynamic modulus of rigidity, Eq/Gy ,
was 24.922 for Fraxinus rhynchophylla Hance, which was the highest, 7.317 for Paulownia
tomentosa (Thunb.) Steudel, which was the lowest among Korean commercial species me-
asured.

3. The value of longitudinal dynamic Young's modulus was about 3.7% and 19.8%, respectively,
higher than those of transverse dynamic and static Young’s modulus.

The value of transverse dynamic Young’s modulus was about 15.5% higher than that of static
Young’s modulus.

4. Predicted value of MOR in terms of correlation coefficient by transverse dynamic Young’s
modulus was slightly higher than that of static Young’s modulus, but no significance was
found out.
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3.

Transverse dynamic Youne's modulus was (2.002 + 0.288)x10" dyne/cm? for Fraxinus
mandshurica Rupr., which was the highest, (0.601 * 0.100)x10'* dyne/cm? for Paulownia
tomentosa (Thunb.) Steudel, which was the lowest among Korean commercial species me-
asured.

The sound velocity of sitka spruce was 5,685 m/sec, which was the highest.

Internal friction of Paulownia tomentosa (Thunb.) Steudel was shown the lowest value
among Korean commercial species, (8.795 + 1.795)x1073, but was higher than that of sitka
spruce, (7.331 +0.991)x10%.

Internal friction was shown negative correlation with density and dynamic Young’s modulus,
respectively.

K value was affected largely by internal friction and was the highest, 2.225x10® for
Paulownia tomentosa (Thunb.) Steudel and was the lowest, 0.550x10% for Fraxinus rhyncho-
phylla Hance.

K value of Paulownia tomentosa (Thunb.) Steudel was higher than that of sitka spruce and
K values of melapi and cottonwood, which have been considered to be replaceable species
with sitka spruce in the piano industry, were lower than those of Paulownia tomentosa
(Thunb.) Steudel and Tilia amurensis Rupr..
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Table 1. Specification of specimens used in the expenment.

. Number of Size Width of Moisture Density

Species Specimen | (TxWxL) | annualring (1) | content (1) 10}
mm mm % g/cm3

Pgulownia tomentosa (Thunb.) 22 13x15x500 - 13.22+£0.69 0.256 * 0.020
Steudel
Tilia amurensis Rupr. 40 13x15x500 3.83 £0.84 14.17 £ 0.58 0.415 +0.028
Macckia amurensis Rupr. 17 13x15x500 1.61 £0.29 13.57 £ 0.46 0.601 * 0.049
Ulmus davidiana var. 19 13x15x500 1.80£0.79  13.30 £0.56 0.691 + 0.035
Jjaponica Nakai
Fraxinus rhynchophylla Hance 28 13x15x500 2.02 +0.94 13.87 £0.29 0.768 + 0.067
Fraxinus mandshurica Rupr. 26 13x15x500 4.45 £1.23 12.80 £0.38 0.766 £ 0.041
Pinus rigida Miller 15 13x15x500 1.63 £0.28 12.46 £ 0.49 0.643 £ 0.035
Picea sitchensis Carr. 68 8x20x600 1.12 £0.34 9.05 049 0.430 £0.018
Melapi (Shorez (Anthoshorea) spp.) 47 8x20x600 - 9.37 £ 048 0.500 £0.019
Cottonwood (Populus spp.) 60 Bx20x600 3.26 £0.90 9.86 £ 045 0.505 £ 0.045

T : Thick (tangential axis)

W : Width (radial axis)

L : Length (longitudinal axis)
(1): Average * Standard deviation
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Table 2. Theoretical modulus of rigidity of domestic wood by the transverse vibration.

]
Nu;r;ber o E I . y .
Species 6_ p e (x10™) ] GLT x107)
measure- LT LT | “LT em/dyne> |~ dyne/cm?
ment | \
Macckia amurensis Rupr. 4 13.614 £1.339 11.537 £1.135 8.486 £ 0.743 10.044 +0.877
Fraxinus mandshurica 3 20.008 £ 1.466 16.956 t1.242 9.720 +1.511 8.876 +1.516
Rupr.
Ulmus davidiana var. 5 14.759 £ 1,078 12.507 £0.914 9,903 *+1,389 8.677 £1.068
japonica Nakai
Pinus rigida Miller 4 20.007 £4.301 16.996 £3.702 13.900 £2917 6.331 £1.505
Paulownia tomentosa 5 8.804 £3.920 7.317 £3.425 16.375 £5.099 5590 £1.707

(Thunb.) Steudel
Tilia amurensis Rupr.

Fraxinus rhynchophylla
Hance

19.508 £5.319
29.408 £ 6.539

16.532 £4.508 16.355 £3.702  5.414 £1.308
24922 £5.542 19.615 £5.701 4.666 +£1.524

s : Shear coefficient
GLT : Modulus of rigidity in L-T plane
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Table 3. Dynamic and static Young’s modulus of domestic wood

I

Species ! - Ep Er Eg
| (x10™1) | (x107h) x10™h)
ciy:ma/cm2 dyne/c:m2 &:1ym=,,/c:m2
Ulmus davidiana var. 1.590 + 0.196! 1.503 £0.221 1.266 £ 0.158
japonica Nakai
Fraxinus rhynchophylle Hance 1.645 £0.351 1.556 £0.335 1.291 £0.264
Pinus rigida Miller 1.591 £0.157 1.512 £ 0.141 1.343 £ 0,134
Pauiownia tomentosa (Thunb.) 0.624 1 0.096 0.601 £ 0.100 0.564 £ 0,084

Steudel
Fraxinus mandshurica Rupr. 2,304 £ 0,237
1.077 £ 0.168

1.367 £ 0.295

Tilia amurensis Rupr.

2.002 £ 0.288
1.061 £ 0.188
1.392 £ 0.384

Species Regression E, /E Correlation
P & U/Er coefficient
Ulmus davidiana var. EL=0.3]922x10“+0.84539[~1T** 1.062 0.95334%
Japorica Nakai
Fraxinus rhynchophylla Hance EL=0.06887x10”+1.01290£T** 1.060 0.96529%*
Pinus rigida Miller EL=0.17344x10“+0.93744ET** 1.053 0.83789**
Paulownia tomentosa (Thunb.) EL=0.08986x10“+G.88845ET** 1.044 0.92881#**
Steudel
Fraxinus mandshurica Rupr. I:'L=0.67886x1011 +0.67686ET*‘ 1.025 0.82406%*
T¥lia amurensis Rupr. E;=0.19020x10"! +0.83580E . ** 1.019 0.83789%
Maeckia amurensis Rupr. E;=0.37267x10" +0.71481E** 1.019 0.92864*
Total EL=0.06559x10’1+0.97906ET** 1.037 0.97576%*
** Significant at 1% level
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Macckia amurensis Rupt

1.783 £ 0.355
0.905 £ 0.184
1.249 * 0.456

E

1 Longitudinal dynamic Young’s modulus

ET: Transverse dynamic Young’s modulus

ES . Static Young's modulus

Table 4. Relationship between longitudinal and transverse dynamic Young’s modulus
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Table 5. Relationship between longitudinal dynamic and static Young’s modulus

, Correlation
Species Regression EL/ES coefficient
Fraxinus rhynchophylla Hance EL=Q.11977x101’+1.18170ES** 1.281 0.88774**
Ulmus davidiana var. E; =0.12824x10" +1.15420E** 1.258 0.93042%*
Japonica Nakai
Tilig amurensis Rupr. EL=0.39745x10“ +0.75089Eg** 1.204 0.28338%*
Pinus rigida Miller EL=1.00140x10”+O.43873ES*"‘ 1.192 0.37351
Fraxinus mandshurica Rupr. E; =1.26230x10"! +0.43281E** 1.175 0.64864%+
Macckia amurensis Rupr. E;=0.78052x10"! +0.47002E** 1.141 0.72499**
Paulownia tomentosa (Thunb.) E[=0.15182x10"! +0.83720E** 1.101 0.73624%*
Steudel
Total EL=0.21535x10” +1.00290Eg** 1.198 0.90966**
** Significant at 1% level
Table 6. Relationship between transverse dynamic and static Young's modulus
. . Correlation
Species Regression ET/ES coefficient
Fraxinus rhynchophylla Hance ET=~O.01658x10‘ 41 .21840ES*"‘ 1.205 0.96048%*
Ulmus davidiana var. E1=-0.08224x10' '+ 1.25 180E ** 1.187 0.89485**
japonica Nakai
Tilia amurensis Rupr. Eq= 0.18943x10!! +0.96301Eg** 1.180 0,94080**
Macckia amurensis Rupr. E= 0.43292x101! +0.76778Eg** 1.146 0.91159**
Fraxinus mandshurica Rupr. EL= 0.71997x10'1+0. T191SEg** 1.139 0.88526%*
Pinus rigida Miller Er= 0. 49069x10“m T6021Eg** 1.129 0.72408**
Paulownia tomentosa (Thunb.) Er= 0. 03739x10"! +0. 99964Eg** 1.063 0.84089**
Steudel
Total Eq= 0.10970x10"" +1.05760E** 1.155 0.96255%*

** Significant at 1% level
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Table 7. Relationship between Young’s modulus and modulus of rupture

Species Regression Correlation
Macckia amurensis Rupr. MOR=- 0.15321x10%+0 OOZISEL** 0.71997**
MOR= -0.13186x10°+0.00832E .* 0.90243%*
MOR= 0.10828x10°+0. 0073‘“55‘* 0.94631**
Tilia amurensis Rupr. MOR= 0.31729x10%+0.00611E, ** 0.80813**
MOR= 0.46949x10%+0.00605E** 0.89945%*
' MOR= 0.11096x10°+0.00639E¢** 0.92746**
Fraxinus mandshurica Rupr. MOR= 0.11502x10°+0. 00633E ** 0.58897**
MOR= -0. 12901x109+o 00761ET** 0.86206**
MOR= 0.25214x10°+0.00645Eg** 0.89983%*
Fraxinus rhynchophylla Hance MOR= 0.35653x10°+0.00516E ** 0.79605**
MOR= 0.28823x10%+0. 00589ET** 0.86653**
MOR= 0.23031x10°+0.00755Eg** 0.87552%*
Ulmus davidiana vat. MOR= 0.62963x107+0.00747E ** 0.80546%*
Japonica Nakai MOR= 0.16831x10°+0.00683E** 0.82983%*
MOR= 0.20600x10%+0. 00927Eg** 0.80538+#
Paulownia tomentosa (Thunb.) MOR= 0.59287x10%+0.005 16E bl 0.64756“
Steudel MOR= 0. 63142x1o‘+o 005203.[ 0.68328%+*
MOR= 0.40111x10 +0.00604Es" 0.66752%*
Pinus rigida Miller MOR= 0.44207x10°+0. 00502E 0.45431

MOR= ~0. 65330x10°+o 00863E** 0.69756%*

MOR= 0.27021x10°+0. 00722Eg+ 0.55549*
Total MOR= ~0. 52667x108+0 0074SE, ** 0.91518%*
MOR= -0.57345x10%+0. 00771E . 0.94409**
MOR= -1152.0 +0 00839135** 0.93454**

*Significant at 5% level

**Gignificant at 1% level
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Fig. 5. A regression of modulus of rupture on

transverse dynamic Young’s modulus for

all species measured.

Table 8. Comparision of dynamical properties of domestic and imported wood
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Species v < 31 { K—s
(x107) § (x10 %)
m/sec

Paulownia romentosa (Thunb.) 4,827 + 351 8.795 £1.725 2.225 £ (0.468
Steudel
Tilla amurensis Rupr. 5,027 £348 9.121 +1.493 1.359 £ 0.219
Macckia amurensis Rupr. 4,755 £ 547 10.022 £2.378 0.837 £0.234
Pinus rigida Miller 4,849 £ 263 9.500 £ 1.634 0.826 £ 0.190
Ulmus davidiena var. 4,648 £ 278 9.847 £2.004 0.720 * 0,202
Jjaponica Nakai
Fraxinus mandshurica Rupr. 5,100 368 10.333 £2.525 0.679 £ 0.159
Fraxinus rhynchophylla Hance 4,469 £ 377 10.910 £ 1.806 0.550 * 0.102
Total 4,382 =422 9.775 £2.026 1.058 £ 0.590
Picea sitchensis Carx 5,685 201 7.331 £0.991 1.826 £ 0.259
Melapi (Shorea (Anthoshorea) spp.) 4932+ 184 10.415 +£3.274 1.026 £0.271
Cottonwood (Populus spp.) 5,062 £ 251 14.444 £ 4.572 0.772 £ 0.267

V : Sound velocity
Q! . Internal friction
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(0. 67940, 1591 X 10°

:iL Q=



£ 8- 665 B mTBE RBTREES AhED EES BT HE

61

A Ao g Azd,
=4 FEel Sitka spruce &1 K @& 1.826
Wez Fe sy R ozt A yebyko
A o) sjatel] ol ol Abgah=
Sitka spruce fUErFE o g 7Pssltiy A2y
& Melapi & Cottonwood & K g8 2+t 3
026 X1, 0.772X 1.2 A F 559 vt
pol Kanoh 92 4% @ 4 208z su
ka spruce WAlSFFo 24 e FLpE 2k vt

T2y aelE ¢ ddk o A zbEd

v ol e At Bel dEo e sy A
& Aol A2 2ol Folx EFS 4 =
8t7] A= A Eo] Basta E ik
9} o % 9 TdA = =2 6216},1] S R |
ol B & o ojyhel el i d o7} of
e sjojol & Aol

4.3.2. K gkl li% og Fol A}

ﬂ

LHRMH LM YL dEE K atol
FEE vlAE em@—— ool 9 K ga
oA <lastel AUBAE Eool Lhey

Ay,

AEEd Kgtne AndAe sy
5% FxoNA froldol UNL AuAsE
0. 31520} ¢},

Axot Katdtel J#BAE Melap 91-
Jottonwood 7F 22 5% 9 1% &N #
Aol il o ATAleE 0.2930, 4. 63340127
31 7| thadh R A E A S -0.59158 &9
FHRACE JNe 5% FEolA frelAdol
AU

ool ARz R AEF dxrt K gl
a] 2} = Q82 AR SR G o ubg} 4o]
e o & YU
T BIRBENIGE T G EE e K a3t
FHBA e oA e uleh 2ol BE [Fol A
AZb A et 2 Avle FE wat 4
%okt
Eﬂ} WEopED K gty 4adde X
°ﬂ A nzo] 4BBAE vehlol K gt
AA FFE v A A2 AP Y S
Aot

WRopge] FgE vAe URE Lotr )
Ash 1004 dHBH

e AR o] AuAA Y Aoy B

2 Fedd glsich Ex=9k wiRuhi, 3

..,

or

2= ,‘

& o
uch

e
&O
O

vl

00‘{.".,0)4

¥

~

m?, 2

£ 4oy

Table 9. Correlation coefficient related with K value

Species K-W K-d K -Eq K-V K -Q*
Pawlownia tomentose (Thunb.) - ~0.2027 0.3714 0.5769** ~0.8579%¢
Steudel
Tilia amurensis Ruprt. 0.3152* 0.3015 0.5522%* 0.6296** ~0.9090%*
Macckia amurensis Rupr. 0.2882 0.4007 0.6813%* 0.7440%* ~0.9196**
Pinus rigida Miller 0.1655 -0.5915* 0.3849 0.6229* ~0.9304++
Ulmus davidiana var. 0.0765 0.1519 0.3962 0.4376* ~0.9407%*
japonica Nakai
Fraxinus mendshurica Rupr. -0.1694 -0.1455 0.6167%* 0.6636** -0.8790**
Fraxinus rhynchophylla Hance 0.1853 0.2530 0.6038** 0.6864** -0.9221**
Picea sitchensis Carr. 0.0886 -0.3329*= 0.2158 0.4091** ~0.8998**
Melapi (Shorea {Anthoshorea) spp.) - ' 0.2930 0.5580** 0.5498** -0.939] %+
Cottonwood (Populus spp.) ~-0.2321 0.6334** 0.1066 0.2724* -0.9179%**

* Significant at 5% level
*+ Significant at 1% level
W : Width of annual ring; d : Density
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Table 10. Correlation coefficient related with internal friction and transverse dynamic Young’s

modulus
: ~1 ! -1 -1 -1 !

Species QW ! Q d Q -ET } Q=Y ET - d
Paulownia tomentosa (Thunb.) - ~0.2068 -0.3699 ~3.3654 0.5300%>
Steudel
Tilia amurensis Rupr. -0.1019 -0.4685%* -(0.5382%* ~-(.5295%* 0.8612%*
Macckia amurensis Rupr. -0.2844 -0.5296* ~0.6727%* -0.6834** 0.8774%*
Pinus rigide Miller -0.1161 0.4195 -0.1771 -0.3480 0.0144
Ulmus davidiana var. -0.2469 -0.4046 ~(.5433* -0.5071* 0.7188%*
Japonica Nakai
Fraxinus mandshurica Rupr. 0.0013 -0.0755 ~0.4370* -0.3944%* 0.2278
Fraxinus rhiynchophylla Hance -0.2764 -0.4712% -0.6348%* ~0.6216%* 0.8103**
Picea sitchensis Carr. ~0.0092 -0.0314 -0.1710 -(.1384 0.2732*
Melapi (Shorea (Anthoshoreaj spp.) L -0.3587* ~0.6115%* -0.5842%* 0.6825**
Cottonwood (Populus spp.) 0.2036 -0.0948 -0.2524 ~0.3544%* 0.8725*%

* Significant at 5% level
** Significant at 1% level
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