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STUDY OF THE STRUCTURE AND PROPERTIES OF WOOD USED IN PIANO DECKS.
PART 1. STRUCTURE OF THE ANNUAL RINGS AND MECHANICAL PROPERTIES
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Abstract

One of the main components of the piano's resonance wooden plate is called ,pound” or ,deck”. The requirements for
wood, from which it is made, are high. They include certain ratios in morphological and anatomical structure and me-
chanical properties. The article presents the results of the study of wood constituting the deck of piano. The structure of
the annual rings, the amount of traheids, early, late and transition zone have been studied. The density of wood, the
bending strength and the modulus of the linear deformation have been defined. The resonant frequency, speed of sound,
dynamic elastic modulus, the acoustic constant and acoustic damping have been estimated.
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Introduction

The production of the deck is subject to several
requirements — for mechanical strength, structure of
the rings, etc. In principle, the boards placed are left
oblique and are compared keys with high frequen-
cies. Across them, but not necessarily the right an-
gle is placed next to the ribs. The strings are paral-
lel to the ribs. Therefore here we should expect
wider rings in the right and more later wood in the
left of the deck [3].

The purpose of the work is to study the differ-
ence in the properties of individual boards, building
decks on the piano.

1. Methods and materials

The deck which is studied is of piano ,Genelyki”
with a serial number 10365. The year of production
of the piano is not known (Fig. 1). To reach equilib-
rium of the moisture content, the deck was stored
for a long time in a dry and heated place

Fig. 1. Overview of the deck (on the small photo
shows the model and serial number)

The dismantled ribs and restrictive friezes were
carefully dismounted (Fig. 2). On the opposite side

were removed the holders of the strings. The deck
was cleared of polish and remnants of the glue by
grinding. Then the boards were separated from
each other. For the dissolution of the adhesive was
used chloroform.

After uninstalling the deck and split planks apart,
they were labelled, as Ne1 test pieces are in dec-
ade part (i.e., the board responsible for the low fre-
quencies), and Ne10 — in these octave part (i.e., the
board with the highest frequencies). Then they
were cut to length, and were received test pieces
with two lengths — 300 and 600 mm (Fig. 3).

On long test pieces were determined acoustic
properties, and on short — mechanical properties. In
all test pieces was measured the width of annual
rings and the amount (share) of the late wood. For
this purpose was used stereoscopic magnifying
glass equipped with an eyepiece micrometer.

The initial order finds that the wood from which
was made the deck is selected with uniform rings,
which is late wood and varies in a very narrow
range. On some boards (Ne6), however, it was de-
tected the slope grain, which is unacceptable in the
preparation of such products. Each test piece is
described as lists of all the features of the structure.

2. Results and discussion

2.1. Morphological structure
Structure of the rings

The measured annual rings correspond some-
what to those rules in the literature (Fig. 4). The
width of the annual rings (AR), is the highest in the
samples with Ne1, located at the right side of the
deck. This width is about 2.3 mm. It is almost a uni-
form reduction in the values of test pieces with Ne6,
which are narrower than 1.0 mm. Then gradually is
increased the width of up to 1.7 mm in the test
pieces with Ne10.
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Fig. 2. Uninstallation of the deck
Legend: a) removing the ribs, b) removing the holder c) grinding deck

c)

Fig. 3. Preparation of test pieces
Legend: a) labelling of the boards of the deck, b) making boards with the same cross section, ¢) making of long and short
test pieces
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Fig. 4. The width of the annual rings AR, mm

The share of the late wood (LW), also follows a
trend. Starting from test pieces with Ne1, where the
lowest levels — about 16.0 %, an increase in this
indicator of test pieces with Ne4, to about 27%. This
is the largest and centrally located in the deck
board. Obviously, it is the most important for the
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sound of the piano. Slump values of late wood in
test pieces with Ne5 — is by about 18%. Then to end
this value it rises to 29% (in the test piece Ne8) and
gradually decreases to 20% (in the test piece
Ne10).
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2.2. Physical and mechanical properties
Density of wood

The expected density varies in a narrow range —
from 400 to 500 kg.m'3 (Fig. 5). While in the devel-
opment of violin and other instruments, this is a
pretty wide range, here it is difficult given the large
size of the boards, to select a wood of similar den-
sity [3].
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Fig. 5. Density of test pieces

The variation of the density of the wood can be
explained with the structure of the annual rings. It is
known that with an increase in the width of the an-
nual rings in the coniferous tree species density
decreases [1, 4]. The influence of the late wood is
vice versa — with the increase in its share, the den-
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sity increases. That is why test pieces with Ne1 and
Ne2 density is low. The width varies 1.8 to 2.3 mm,
while the share of late wood does not exceed 18%.
In test pieces with Ne3 and Ne4 width is also high —
from 1.9 to 2.1 mm, but the late wood is signifi-
cantly more — from 25 to 27%. The density of test
pieces Ne5, Ne6 and Ne7 is similar to the past, and
this also is a result of the structure. The width
ranges from 0.9 to 1.4 mm, while the late wood has
increased from 18% to 23%. The highest density of
test pieces Ne8 and Ne9. This is because the width
ranges from 1.3 to 1.5 mm, while the late wood has
increased from 29% to 23%.

Bending strength and modulus of elasticity

The values for these two properties are shown
together, because they are very similar trends as
individual test pieces (Fig. 6). Known is the rela-
tionship between these two properties, which here
is fully confirmed [1, 4]. Low values of these proper-
ties are in test pieces Ne1, Ne6 and Ne10 (and Ne5
for the modulus of elasticity). By comparing these
results with those shown by p.1.1. and p.2.1. it is
seen that it is a wood with wider rings at least late
wood and lower density.
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Fig. 6. Bending strength (top) and a modulus of elasticity (bottom) of the individual test pieces

The values of the bending strength can be di-
vided into three groups — low, medium and high.
Low is around 90 N.mm™ (test pieces Ne1, Ne6 and
Ne10), average — 105 N.mm (test pieces Ne2, Ne4
and Ne5), and high — more than 120 N.mm? (test
pieces Ne3 and Ne8). The values referred to in the
literature for bending strength of spruce wood are
49.0-78.0-136.0 N.mm™ [1, 4, 7]. The received
relatively lower values can be explained by fewer
late woods.

The values referred to in the literature module of
linear deformation in bending of spruce wood are
7.3-11.0-21.4 GN.mm™. The received relatively
higher values can be explained by the selection of
the wood. The lowest value of the test pieces with

Ne1 — 8.0 GN.mm™. High values are from 11.0 to
13.0 GN.mm™ (respectively test pieces with Ne2,
Ne3, Ne4 and Ne8). It should be emphasized that no
high indicators of nearby values were targeted by
the manufacturers.

Conclusions

After analysis of the results the following impor-
tant conclusions can be made, concerning the
structure and properties of the wood from which the
deck is constructed to be studied:

— When building a deck dependencies are met
relating to the structure of the annual rings
as a leading role is given to the central
board.
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— The variation in the density of the individual
boards of the deck can be explained by the
structure of the annual rings, probably the
boards are not selected according to the
density.

— The bending strength and the static modulus
of elasticity are more closely related to the
structure of the annual rings, particularly the
proportion of late wood and less according
to the density.

— Boards Ne6 and Ne10 have a significantly
lower quality than the permissible.
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W3CNEOBAHE HA CTPOEXA U CBOMNCTBATA HA ILPBECUHATA, U3MON3BAHA
B AEK HA NMUAHO. 1 YACT. CTPYKTYPA HA NPBbCTEHUTE N ®U3UKO-
MEXAHWYHU CBOMNCTBA

Hukonan BbpaapoB, BecenuHa KaBapaxukoBa
JNlecotexHuyecku yHusepcuteT, Cochusn

Pe3tiome

EgHa oT OCHOBHMTE CbCTaBHU YacCTW Ha NNAHOTO e pe3oHupallaTa gbpBeHa nio4va, HapeyeHa nupa nnn gek. U3uck-
BaHMSATa KbM ObpBecuHaTa, KOATO A u3rpaxia, ca BUCOKW. Te BKYBaT onpeaesieHn CbOTHOLWEHNA B MOPKOMNOrMyHUA
N aHaTOMUYHUSA CTPOEX N MEXaHUYHUTE CBOWCTBA. Crartusata npeactaBa pe3yntatute OT U3cnegBaHeTo Ha OAbpBeCuUHa-
Ta nsrpaxgatla nmaHoto. N3cnegsaHu ca CTPYKTypaTa Ha roguiHna NnpbCTeH, KONMMYeCTBOTO Ha TpaxenauTe B paHHaTa,
KbCHaTa M npexoaHaTta 30Ha. Onpe,u,eneHM Ca NNbTHOCTTA Ha AbpBecuHaTa, AKOCTTa Ha OrbBaHe, Moayra Ha NUHeNHa
nedopmaumsa. N3uncneHn ca pesoHaHcHaTa YecToTa, CKOpoCcTTa Ha 3ByKa OANMHaMW4YHUA MOoOyn Ha enacCTUYHOCT, aKycC-
TUYHaTa KOHCTaHTa U 3aTUXBaAHETO.

Kno4yoBM gymu: ek Ha NnaHo, CMbpYOBa AbPBECUHA, FOAULLHW NPBCTEHU, SIKOCT Ha OrbBaHe, MoAayI Ha NUHenHa
Aedopmaums.



