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ABSTRACT

Background and Purpose: Studies of the physical-mechanical and acoustic properties of maple wood as a potential material
for musical instruments manufacturing are extremely scarce. Related to this, dendro-acoustic studies of maples introduced
by geographic origin are of great practical importance in order to create target plantations with predicted technical quality
of wood.

Materials and Methods: Maples from abroad introduced by geographic origin into the Botanical Garden of the Volga State
University of Technology of the Republic of Mari El of Russia were used for the research. For comparison, the Norway
maple of local origin (Acer platanoides L.) was selected. The studies were carried out by the frequency-amplitude method
for determining Young's dynamic modulus and the acoustic constant of sound emission according to the criterion of
academician N. Andreyev.

Results: It was revealed that there are differences in the density and dendroacoustic indices of maple wood of local
origin and maple trees introduced by geographic origin. Norway maple (Acer platanoides L.) turned out to possess the
largest acoustic constant characterizing the resonant properties of wood. Introduced maple trees, plane-tree maple (Acer
pseudoplatanus L.) and sugar maple (Acer saccharinum L.) are only slightly inferior in terms of this indicator.

Conclusions: The dendroacoustic properties of maple wood are generally much lower than that of resonant spruce.
Consequently, the acoustic role of maple wood in the back plates of the violin and other string instruments is completely
different than that of the top plate made from the resonant material of coniferous species. To reveal this difference in
more detail, comparative studies and dendroacoustic identification of maple wood in blanks and musical instruments with
different levels of acoustic characteristics are necessary.
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INTRODUCTION

Itis known that maple wood plays no less important role
in achieving special sound of a musical instrument designed
of two levels of plates - top and back - than that of spruce
resonant wood. A good confirmation of this is the fact that
the mannerism of Amati, Guarneri, Stradivarius and other
old Italian masters in different years can be determined by
the macro-structure of wood used for making violins, not

only for the top plate, from spruce, but also for the back
plate, mainly from maple [1].

In addition to the production of musical instruments,
wood of this species is widely used in other industries where
material with beautiful texture, high density, wear resistance,
hardness and strength is required in manufacturing machine
parts, special types of veneer, parquet, furniture and so
on. Therefore, today high-quality maple wood, along with
spruce resonant wood, is in deficit and is very expensive
timber worldwide.
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Russia is not an exception, where after the harsh winter
of 1978 there was a massive drying of maples, even in
mixed stands, and the operational stands of this breed were
sharply reduced. Their natural recovery is far from the best.
For example, in the forests of the Republic of Mari El, where
these studies were carried out, maple trees are preserved
only in mixed stands on an area of only about 2000 hectares,
and the share of maples does not exceed 10% in these
plantations.

Meanwhile, when in 1910 a large expedition of forestry
scientists from Germany and Russia took place along Volga,
it found large areas of resonant spruce and maple stands in
this area. First, these riches were exported to Germany in
large quantities, where it was decided to build workshops
for the production of violins, guslias and other musical
instruments from local wood in Kozmodemyansk [2].

One of the main ways of preserving and increasing the
timber reserves of this valuable species in the forests of
Russia today is to create target plantations with predictable
technical quality of maple wood, including those introduced
by geographic origin. In solving this problem, the search for
the best genetic taxa plays a special role. It should be done
by performing complex studies of the physical-mechanical
and acoustic properties of standing wood by non-destructive
methods, i.e. without cutting trees.

MATERIALS AND METHODS

The object of this study were maples introduced by
geographic origin on the territory of the Botanical Garden
of the Volga State University of Technology (VSUT), which
are characterized by the following dendrometric indicators
(Table 1).

For comparison, local maple (Acer platanoides L.) was
selected.

The type of habitat conditions is C,; the soil is soddy-low
podzolic, clay loam, fresh. Planting was carried out without
prior preparation of the soil. The seedlings were brought
from the State Botanical Garden of the USSR Academy of
Sciences (Moscow), where special plantations of these
maples introduced by geographic origin had been previously
established. The seedlings were placed in groups for each
introduced species at a distance sufficient for growth and
development.

The material for research in the form of side branches
was taken strictly from the south side of the trees with the
help of a special tool - pruner (Figure 1).

Experimental cuttings from 3.0 to 7.0 mm in diameter
and from 70.0 to 100.0 mm long without bark were made
on these branches under laboratory conditions and kept
until they reached moisture content of wood of W=8+2%.
The cuttings were taken from the third and subsequent (of
at least 2) segments from the end of the branches, i.e. the
relatively soft wood of the last two years of growth was
excluded (Figure 2). Immediately before the study, test
cuttings were straightened with a special clamp.

Theoretical Background and Research Method

Today, in many countries, the main criterion of
'musicality’ of the material under study is the acoustic
constant of sound radiation, K, proposed by Andreyev [3]:

E, =C*p (1)

where Edvn is dynamic modulus of elasticity, MPa; C is the
speed of sound, m-s?; and p is density, kg:m=.

It is important to keep in mind that research requires
manufacturing of standard samples in the form of bars
20x20 mm in width and thickness across and 300 mm in

TABLE 1. Dendrometric characteristics (age, height, diameter at breast height - DBH) of maple trees.

Taxon name Age (years) Height (m) DBH (cm)

aecléjrr:;r’:)festre L) 35 8.7 7.8
Whcer preudopiarans ) 3 36 38
migfr:;r:zgl;um Maxim) 60 18.1 14.7
Subspecies'GinnaIa Tatarian maple ) 20 87 6o
(Acer tataricum subsp. Ginnala Maxim)

(S:cgea:sn;?cpilyir[num L) 44 15.3 12.6
[fje?r?/':reum L) 30 13.1 10.8
(rcer nequndo ) 57 123 110
2‘4‘12’;’2&;;:{53;;&‘5 L) 63 15.6 13.4
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FIGURE 1. Taking research material from growing maple trees.

length along the wood fibers. It is clear that it is impossible
to manufacture such samples without cutting a tree.
Therefore, this destructive method is more suitable for
the selection of resonant wood from harvested timber in
woodworking shops than in the forest.

Diagnostics of resonance properties of standing timber
should be carried out by a non-destructive vibration method
by determining eigenfrequency (resonant frequency) on
samples in the form of radial-transverse cores taken by a
hollow drill from the stem part of the tree [4]. Such tool is
widely used by foresters in determining the age of a growing
tree.

In recent years, scientific works have appeared abroad,
confirming the existence of a relationship between the
modulus of elasticity of the wood of the branches and the
stem [5-8]. In other words, the modulus of elasticity of the
wood of the branches is an objective indicator to be used
as a criterion in a non-destructive method for assessing the
technical properties of wood of a tree stem.

Since Eqpn according to Equation 1 is one of the main
characteristics of the resonance material, in dendroacoustic
studies of tree species with hard wood or young stock with
small stem diameter, where it is difficult or impossible
to take radially transverse cores, cuttings can be used as
experimental samples made from side branches of growing
trees even at an early age.

Acoustic constant K, according to the results of vibration
measurements of cylindrical shape samples (cuttings), is
determined by Equation 2 [9]:

https://www.seefor.eu

()

where K is acoustic constant, m*kg*-s?; f is resonant (eigen-)
frequency, Hz; € is sample working length, m; p is sample
density, kg:m?; m,_is mass of a ferromagnetic ‘cap’ on the
sample (Figure 3, 4), kg; m is mass of sample working part,
kg; and dis sample mean diameter, m.

The threshold value for resonant wood in the
longitudinal direction along the fibers is K212.0 m*kg*s?,
and for transverse radial measurements it is K>3.5 m*-kg™*-s*.
However, it should be borne in mind that this indicator is set
for conifers (spruce, caucasian fir and cedar); the speed of
sound along the fibers in their wood reaches an average of
5500.0-6000.0 m-s* [10].

Hardwood with a more complex anatomical structure
has different parametres, which is confirmed by other
studies [10, 11]. It is more convenient to determine the
density of wood in samples of arbitrary shape, cuttings, by
the method of buoyancy [12].
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Vibration studies were carried out using a hardware-
software complex. Figure 3 shows a general view of a
fragment of the device with a cantilever mount of a
prototype, and the complete schematic diagram is shown
in Figure 4.

Previously, this method was used in non-destructive
diagnostics of the resonant properties of standing spruce.
It is protected by a patent of the Russian Federation for
invention [13] and was widely tested in other works [4, 9, 14].
Therefore, without going into a detailed presentation, we
only noted the essence of dendroacoustic measurements.

FIGURE 3. General view of the device with a cantilever
mount prototype.

2.1

2.2

FIGURE 4. Principle diagram of hardware-software complex
for defining frequency -amplitude properties of wood: 1 -
monitor; 2 - computer, containing: 2.1 - sound board input,
2.2 - sound board output; 3 - TK-67-H-type vibrator; 4 - TK67-
H-type transducer; 5 - sample; 6 - ferromagnetic 'cap'.

176  SEEFOR10(2):173-179

The harmonic signal comes from full-duplex sound card
(2) of the computer system unit to electromagnetic sensor
(vibrator) (3) exciting transverse oscillations of vertically
installed sample (5) by means of soft iron 'cap' (6) with an
internal diameter adjusted to the diameter of the sample
(cutting). After fixing, the signal taken by the electromagnetic
sensor is fed to the input of the full-duplex sound card. The
corresponding histogram is displayed on monitor screen
(1), and the sample eigenfrequency (resonant frequency) is
determined by the maximum peak.

For non-standard samples, in this case the cuttings, it is
advisable to determine the basic density of wood through
the identification of buoyancy.

Basic wood density is known to be expressed as

Py=my [ Vs 3)

where p, is basic wood density, g-cm?; m_is mass of
absolutely dry sample, g; V__ is volume at humidity equal
to or higher than the saturation limit of the wood cell walls,
cmd,

With the basic wood density of maple wood given it is
possible to calculate its standard density at 12% humidity
according to the following equation (4) [10]:

p,=P,/0.823 (4)

where p . is standard density at 12% humidity, g-cm?.

The method of determining wood density by
measuring the buoyancy force is given in the monograph by
Poluboyarinov [12] and is as follows (Figure 5).

S—

FIGURE 5. Diagram of the device for determining wood
density by measuring buoyancy: 1 — weighing pan; 2 -
sample; 3 - vessel with water; 4 - needle; 5 - ring; 6 - holder;
7 — tripod.

https://www.seefor.eu
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A vessel with water (3) is placed on the weighing pan
(1). Ring (5) fixed to tripod (7) is placed above the vessel. The
ring serves as a support for the holder (6), having needle (4)
with its end doused into water. In this position, the vessel
with water is weighed. After that, the holder is removed
and the sample (2), previously held in water, is placed onto
the needle to determine its volume. After immersing the
sample, a second report is taken. An additional load on the
weighing pan is created by overcoming the buoyant force
acting on the sample (Archimedes’ Law) and is numerically
equal (if we take the density of water equal to 1) to the
sample volume. Consequently, the difference in readings on
the scale gives the desired volume in cubic centimeters.

The sample mass in absolutely dry condition will be
determined by weighing on an electronic scale after drying
at 103°C for about 10 hours.

TABLE 2. Dendroacoustic characteristics of maple wood.

RESULTS AND DISCUSSION

Table 2 shows a comparative analysis of the results
obtained by the vibration method on samples of Norway
maple and taxa.

For better clarity, the results of the research are given in
the form of graphic images (Figure 6-8).

In recent years, the activity of foreign scientists in the
field of studying acoustic and elastic properties of wood
has increased [5-7, 15-21]. In some countries, exploratory
physical-acoustic studies have begun to identify the
possibility of using not only spruce wood, but also other
species for manufacturing musical instruments, especially
string instruments (violin, classical guitar, etc.). For this
purpose, fruit wood was studied, namely, sweet cherry,
cherry, pear, crab apple, walnut and prune. The results

Taxon name VAL P . EdV" e
N (kg-m3) (Hz) (MPa) (m*kgt-s?)
Field maple
48 535.05 188.75 2027.15 1.5
(Acer campestre L.)
Plane-tree maple-sycamore . 5535 562 21635.6 25
(Acer pseudoplatanus L.)
Manchus maple A e 599.8 169 22067.2 06
(Acer tegmentosum Maxim)
Subspeu.es Ginnala Tatarlan maple (Acer tataricum ” 513.4 149 16572.2 11
subsp. Ginnala Maxim)
sugar maple - 492.2 328 28556.6 23
(Acer saccharinum L.)
Red maple
(Acer rubrum L) -«- 615.2 228 35131.3 1.2
Ash-leaved maple - 493.2 228.0 373411 31
(Acer negundo L.)
Norway maple - 5225 365.7 28362.2 2.6

(Acer platanoides L.)

p(kg:m?)

8

FIGURE 6. Distribution of the average density of maple wood by taxa: 1 - field maple (Acer campestre L.); 2 - plane-tree maple-
sycamore (Acer pseudoplatanus L.); 3 - Manchus maple (Acer tegmentosum Maxim); 4 - subspecies Ginnala Tatarian maple (Acer
tataricum subsp. Ginnala Maxim); 5 - sugar maple (Acer saccharinum L.); 6 - red maple (Acer rubrum L.); 7 - ash-leaved maple (Acer

negundo L.); 8 - Norway maple (Acer platanoides L.).
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FIGURE 7. Taxon distribution of the average dynamic modulus of elasticity (Edyn) of maple wood by frequency-amplitude method

(taxon numbering corresponds to the keys in Figure 6).
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FIGURE 8. Taxon distribution of the average value of acoustic constant (K) of maple wood by the frequency-amplitude method (taxon

numbering corresponds to the keys in Figure 6).

obtained showed that the wood of these species does
not meet the requirements for the top plate acoustic and
other physical-mechanical properties, but can be used
in manufacturing separate parts of musical instruments.
Moreover, sweet cherry wood is of greatest practical
interest because it is close to maple by the value of acoustic
constant, i.e. it is suitable for making the back plate.
Thanks to this combination, the original sound of a musical
instrument is achieved [22].

It is important to note that maple wood, especially
with 'birdseye' fiddle mottle, along with spruce resonant
wood, plays a major role in forming acoustic properties of
musical instruments’ sounds [1]. Such wood texture is more
often formed in sugar maple (Acer saccharinum L.), but it
can also occur in other species of maple: field maple (Acer
campestre L. and Acer campestre), red maple (Acer rubrum
L.), Manchurian maple (Acer mandschuricum L.), Norway
maple (Acer platanoides L.) and plane-tree maple-sycamore
(Acer pseudoplatanus L.).

Consequently, to study the dendroacoustic properties
of maple wood in general, and especially depending on the
genetic and geographic origin is of practical importance.

In this aspect, the scientific work on identifying the
quality of maple wood for manufacturing the back plate of
a violin is of great interest [11]. The paper shows that the
highest quality wood for this purpose should have high

178 SEEFOR10(2): 173-179

density (about 600 rg:m?3), low acoustic constant of sound
propagation (about 6.7 m*kg*s?) and sound speed from
3800 up to 4600 m-s™. Although these indicators have not
yet been accepted in wide practice as a criterion for selecting
material in the production of musical instruments, we will
analyze our research results in comparison with these data.

In terms of density, red maple (Acer rubrum L.) and
Manchus maple (Acer tegmentosum Maxim) mostly
correspond with the data mentioned above; wood density
of these species is about 615.0 and 600.0 and rg-m?,
correspondingly.

Sugar maple (Acer saccharinum L.) and ash-leaved
maple (Acer negundo L.) have lower density of wood of
492.2 and 493.2 rg-m?, correspondingly.

Judging by the acoustic constant of sound propagation,
the wood of Manchus maple is even more different from not
only red maple (only 0.6 vs. 1.2 m*kg™s), but also from
all other species of maple for which the acoustic constant
of sound propagation is in the range of 1.1-3.1 m*kg*s?,
this indicator being the highest for ash-leaved maple (Acer
negundo L.) and Norway maple (Acer platanoides L.), 3.1
and 2.6 m*kg*-s?, correspondingly.

According to the maple of local origin, Norway maple
(Acer platanoides L.), compared to the introduced species,
has average density (522.5 rg:m?3), but relatively high
acoustic constant of sound propagation (2.6 m*kg*-s?).

https://www.seefor.eu
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In general, all studied trees have a relatively low acoustic
constant of sound propagation. This is explained by the fact
that the object for non-destructive research were lateral
branches having the indicator of acoustic constant of sound
propagation lower than the trunk of the tree [9].

CONCLUSIONS

Thus, the maples introduced by geographical origin
under the conditions of the Volga region of Russia differ
in density and dendroacoustic characteristics of wood.
According to scientific criteria [11], in the forest conditions
of the Republic of Mari El, the wood of red maple (Acer

rubrum L.) and Manchus maple (Acer tegmentosum Maxim)
introduced by geographic origin is more appropriate
as the material for making the back plate of the violin.
Local maple is somewhat inferior in wood quality for this
purpose. However, the results of the work presented
are only scientific and educational in nature and cannot
pretend to the development of practical recommendations
for the target selection and cultivation of one or another
kind of maple in these conditions. To solve this problem,
it is necessary to monitor the growth of these trees and
supplement comprehensive studies by combining the
efforts of forestry scientists, wood scientists, physicists,
acousticians, and musical instruments production
specialists.
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