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STUDY OF THE STRUCTURE AND PROPERTIES OF WOOD USED IN DECKS PIANO.
PART 2. ACOUSTICAL PROPERTIES
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University of Forestry, Sofia, Bulgaria

Abstract

Each timber included in the production of musical instruments, there are many requirements. The most important of
these are acoustic properties. They define the behaviour of the resonating parts (decks) for amplification and filtering
sound. The article examines the acoustic properties of the wood from which it was constructed deck for piano. Were
studied resonant frequency and the speed of sound in each plank of the deck. Thereof, and the density are determined
dynamic modulus of elasticity, and acoustic constant. This paper examines the damping of oscillations in the wood indi-
vidual specimens. Sought are dependencies between properties and structure of the annual rings.

Key words: piano deck, spruce wood, annual rings, speed of sound, dynamic modulus of elasticity, acoustic constant,

sound damping.
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Introduction

Requirements to be met by wood, designed for
musical instruments are mutually contradictory. On
the one hand, there must be a low density, and on
the other there is a high modulus of elasticity. On
the one hand, there should be speed of sound, and
on the other high attenuation. Moreover, there are
requirements for the construction of timber, etc. It
turns out that only spruce wood (in rare cases,
some conifers) can meet these multiple require-
ments [3, 5]. When a wood responds to all of them,
it can be considered resonance.

The purpose of the work is to investigate the
magnitude of the differences in the acoustic proper-
ties of the wood in mind the importance of each
board building the deck. Therefore, as an indicator
for the comparison were selected average and
standard deviation.

Methods and materials

The test deck of piano ,Genelyki” serial number
10365 deck was removed, and the boards were
cleaned from the remnants of paint and glue. Then,
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from each of the boards were produced test pieces
of width 15 mm, length 600 mm. At each test piece
was measured width of the annual rings, and their
density was determined. On test pieces were set
acoustics. It was used resonance method for de-
termining the resonance and supporting frequen-
cies. Of them were determined speed of sound at-
tenuation, the dynamic elastic modulus (Young
modulus) and acoustic constant [3, 5].

Results and discussion

1. Acoustic properties
Resonant frequency and speed of sound in the
wood

These two properties are presented together
because of the way in which it is calculated. It really
is seen the selection of deck boards (Fig. 1). For all
specimens values are very close — from 4380 Hz
(for the test piece Ne6) to 4650 Hz (for the test
piece Ne7). Similar trends and the speed of sound -
are from 5240 m/s (for the test piece Ne6) to 5560
m/s (for the test piece Ne7).
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Fig. 1. Resonance frequency (a) and speed of sound (b) in the wood of the individual specimens
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Variations are about 6% and may be explained
by the lower mechanical properties of the test
pieces with Ne1, Ne6 and Ne10. These specimens
also had the lowest densities. It should be noted the
very low standard deviations values of a property.
These results are average proving relatives values
of the speed of sound for the test pieces of each
board separately.
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Dynamic modulus of elasticity and acoustic con-
stant

There are more diverse values for the dynamic
modulus of elasticity (Young modulus) and acoustic
constant (Fig. 2). Typical for these two properties is
that their values are ,reversed” in individual test
pieces. Where we have lower values of Young
modulus has high levels of acoustic constant and
vice versa. The exception is the wood of the test
piece Ne6, which has the lowest values for both
properties.
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Fig. 2. Dynamic modulus of elasticity (a) and the acoustic constant (b) in the wood of the individual test pieces

The differences between values rang from
45.1% (between the largest and smallest value) for
module Jung and 19.3% for the acoustic constant.
In determining these values are taken and density
values. This may be the main explanation for the
large difference in them. It should also be noted the
higher standard deviations, especially for Yung
module.

It should be noted however that has not met the
requirement of correspondence between the static
and dynamic modulus. According to the data in lit-
erature, Young modulus should be larger than the
static, the ratio is about 1.07 to [3, 5]. This ratio is
significantly higher, with the exception of the test
piece Ne4 (1.069), wherein the increase is 6.9%. In
other specimens the range is from 1.2—1.3 (most of
them) to 1.53 (for the test piece Ne5). It has not yet
proven what the impact of these differences on the
sound of the piano deck is. It is clear that this is a
sign of poor homogeneity of wood.

Sound damping

Very different trends of damping of oscillations
exist (Fig. 3). It is determined by the adjacent fre-
quencies. It is believed that they do not depend on
the properties of the timber, but only by its structure
[3]. The results are much higher than those in the
literature 0.08 [3]. Most are above 0.1, only speci-
mens with Ne2 and Ne8 are close to them.
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Fig. 3. Sound damping in the wood of the individual
test pieces
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Here except the values of individual test pieces
should be noted and very high standard deviations
of results. According to her, the test pieces can be
divided into two groups — low standard deviations
(Ne2, Ne6, Ne7, Ne8 and Ne9) and those with high
(Ne3, Ne4 and Ne5).

2. Dependencies between properties
Influence of the structure of the annual rings on the
properties
In the wood of coniferous trees are increased
the width of the rings at the expense of early wood.
Early tracheas are larger, shorter and mostly thin-
ner. With the increase of their quantity density of
wood and other mechanical properties decrease.
The wood which was investigated was divided
into two groups of test pieces — short and long. The
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dipped test pieces were calculated density, flexural
strength and modulus of the linear deformation (Fig.
4-6). These are the basic properties that character-
ize most preferably each wood.

The wood, which is studied, was selected due to
the high demands on materials for the manufacture
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of musical instruments. However, the values for
density vary widely — from 400 to 500 kg.m'3
(Fig. 4). Furthermore, the widths of the test rings
barely exceed 2 mm. Perhaps for these reasons is
not explicitly known tendency to increase the width
of the annual rings density to decrease.
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Fig. 4. Average density of the test pieces in the different width of the annual rings (a) and different sizes of the
zone of late wood (b)

These rings shown on the diagram have late-
wood within 16-30%. That is why there is a slight
increase in density with increasing its share. Excep-
tions are rings with a share of around 20%. From
the foregoing it can be expected that the bending
strength and the elastic modulus to decrease with
increasing the width of the rings. Here, however, it
should be noted that the methodology required in
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determining these properties test pieces (resp. an-
nual rings) to be loaded in the tangential direction.
Therefore, the amount of late wood, not the width of
the rings will affect these properties (Fig. 5). The
values obtained confirm this statement. The rela-
tionship between these two properties is clearly
noticeable and shown illustrations.
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Fig. 5. Average flexural strength (a) and modulus of elasticity (b) of test pieces at varying width of the annual

It is not clear why with increasing the amount of
late wood there is no clear trend of increasing the
bending strength (Fig. 6). Although the calculation
of the trend line will follow this trend, fluctuations in
the values of the individual contents of the late
wood are too large. Perhaps the structure of the
rings generally has a strong influence on the as-

rings

sumption of tensions and manner of destruction of
timber.

In determining the modulus of elasticity there is
a clear trend of increasing values with increasing
amount of late wood. It should be noted that the
test of this property is much longer in time, leading
to a redistribution of stresses mainly in late wood.
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Fig. 6. Average flexural strength (a) and a modulus of elasticity (b) of the test pieces in different sizes of the
zone of late wood (right)

Influence of density of the wood on the properties
Known is the dependence that increases the
thickness mechanical properties is also increased
[3, 5]. The deflection is, however, a complex load,
which combines pressure on the inside and the
tension outside. It is also known that the density
influenced more strongly on the compressive
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strength. The variation of the density of the studied
wood is low, but it is enough to prove (show) the
existence of such trends (Fig. 7) The flexural
strength ranged from 74.2 N/mm? up to 1254
N/mm?. This trend is clearly visible, except for the
test pieces Ne4 and Ne6.

14,0
12,0

LU

406 408 417 466 470 478 489 499
Density

—_—
© o
[=}

m-2
[=]

GN.
N B
oo

Modulus of elasticity,
m
o
(=]

® Standard deviation
b)

W Average

Fig. 7. Average flexural strength (a) and a modulus of elasticity (b) of the test pieces at various densities

Upon determination of the elastic modulus was
observed even clearer tendency of increasing val-
ues, except for the test pieces Ne5 and Ne6. It
should be noted that in the test piece Ne6 was ob-
served slope grain, which is generally inadmissible
defect of resonance wood.

An interesting trend represents the values ob-
tained for the resonant frequency and the speed of
sound (Fig. 8). By increasing the density of these
indices gradually increases its value. There can be
mentioned two exceptions. The first is the very low
value of the test piece Ne6. It can be explained by
the presence of slope grain. If the values for this
test piece of physical and mechanical properties
are not so different, here it becomes clear why this
defect should not be allowed in preparations for
musical instruments. The second exception is the
values at the lowest and highest density which dif-
fer from the general trend.

It is known that for good ,resonance wood” it is
necessary to have a speed of sound over 5100 m/s
[3]. In the study wood even at the minimum fre-
quency of 4500 Hz are ensuring sound velocity of
5400 m/s. Studies of these two properties indicate
how important it is to determine the density prior to
each board, constituting the decks.

Even more pronounced dependence was ob-
served in the determination of the dynamic elastic
modulus (Young modulus). This increase in value is
around 30%, except for the value of board Ne6
(Fig. 9).

In values of acoustic constant is observed in-
verse relationship. Here, the total reduction in the
order is of 16%. The difference between the values
obtained show once again that the boards must be
selected and density.
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Fig. 8. Average resonance frequency (a) and speed of sound (b) of test pieces with different density
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Fig. 9. The dynamic modulus of elasticity (a) and the acoustic constant (b) of test pieces at various densities

Conclusions

After analysis of the results can be made the fol-
lowing important conclusions, Concerning the struc-
ture and properties of the wood from which the
deck is constructed to be studied:

1.

The values of the resonant frequency and
the speed of sound in the wood are very
similar for all test pieces which is proof of
selection boards, building decks of study
piano.

The differences between the values of
Young modulus and acoustic constant vary
greatly and this may be explained by the in-
volvement of determining their density.

In the production of musical instruments
has been required the annual rings to be
narrow and uniform. Therefore, density var-
ies slightly and it isn't a tendency to de-
crease with the width of the rings. With in-
creasing the amount of late wood it also in-
creases slightly.

The increase in the quantity of the late
wood results in an increase of the modulus
of elasticity such a trend is noticed in de-
termining the bending stiffness.

5. During the selection of the boards that
make up the deck, must be set their den-
sity. This is evidenced by the values of all
acoustic properties.
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W3CNEOBAHE HA CTPOEXXA U CBOMCTBATA HA ABbPBECUHATA, U3MNON3BAHA
B AEK HA NMUAHO. 2 YACT. AKYCTUYHUN CBOUCTBA

BecenuHa KaBappxukoBa, Hukonan bbupgapos
NecotexHunyecku yHuBepcuteT, Cochusna

Pestome

KtMm Bcska ObpBECUHa BKIMKOYEHa B NMPOM3BOACTBOTO HA MY3UKallHN MHCTPYMEHTU CbLLeCTByBaT MHOIO M3NCKBaHUA.
Han-BaxxHuTe oT TAX ca aKyCTUYHUTE ceouncTtea. Te onpegenatr noeegeHneTo Ha pe3oHupalmTe 4actu (,D,EKOBETB) npu
ycuneaHe u cbmnTpMpaHe Ha 3BYKa. Cratunara pasrnexana akyCTUu4HuTe CBOWCTBA Ha ObpBecuHaTa, OT KOATO € U3rpageH
Oek 3a nuaHo. MacneaBaHu ca pe30oHaHCHaTa 4YeCToTa U CKOPOCTTa Ha 3BYyKa BbB BCAKa OTAESIHa AbCKa Ha [eKa. Ot 19X
N NNBTHOCTTA Ca onpeaeneHn aAMuHaMnyHna moayn Ha enactu4yHOCT U aKyCTU4YHa KOHCTaHTa. M3cneaBaHo e 3aTuxBaHe-
TO Ha TpenTeHndaTa B AbpBecnHaTa Ha oTAenHuTe I'IpO6HVI Tena. I'Ion:.pceHM Ca 3aBMCUMOCTU MexXAay oTaenHuTe CBOWNC-

TBa U CTPYKTypaTa Ha roaniHUTE NPbCTEHN.

KnrouoBu AyMU: [eK Ha NnMaHo, CMbpY0oBa AbpBeCUHa, roaAnHU NPbCTEHU, CKOPOCT Ha 3BYyKa, AMHaMWU4YeH Moayn
Ha enacTnU4HOCT, aKyCTU4YHa KOHCTaHTa, 3aTuXBaHe Ha 3BYyKa.



