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Decks of musical instruments are developed from sawn wood products of strictly radial cutting and, as a
rule, forthis purpose the wood is selected according to the radius of a trunk from a certain forest site. An
important factor for manufacturing high-quality (custom-made) musical instruments is the account of
position of the best zone of a tree trunk with respect to the cardinal points. Observance of this condition
becomes complicated by the fact that frequently trunks have the form of an abnormal cylinder with a
displaced and curved axis (asymmetry). Physical and mechanical properties of wood vary greatly along
trunk height; it is sometimes difficult to define the part of trunk wood with the best acoustic parameters.
The paper presents the following research results: external and internal asymmetry of spruce
trunks; macrostructures and acoustic constants of wood on northern and southern sides
of a trunk; changes of cross-section sound velocity in wood along tree height and depend-
ing on the trunk diameter; dependence of sound velocity in wood on biometric data of a trunk.
Based on the results of the experiment done, the estimation of cardinal points and posi-
tion of wood at trunk height influencing the parameters of its ‘musicality’ is made. The data ob-
tained and conclusions of the research are of scientific interest and bear practical recommen-
dations for correct selection of wood with unique acoustic properties from a spruce-tree trunk.

Key words: Ascoustic constant, Internal and external tree trunk asymmetry, Resonant properties,
Spruce growing, Wood macrostructure, Wood density

INTRODUCTION tree-trunk for making custom-made instruments.
Many of them preferred wood from the north-
ern side of a tree trunk, and they saw ‘the best
firewood'in the southern part of a tree trunk [10].

There are practically no special scientific re-
search works concerning dendro-acoustical
differences of wood depending on the cardi-
nal points. However there are data on mac-
rostructure and anatomical structure pecu-
liarities of different sectors of a tree trunk.
It is also necessary to note, that from time im-
memorial there is a standard opinion on tree an-
nual rings orientation with respect to the cardinal
points: the part of a tree facing the south has wider
annual rings than the parts facing other cardinal

No practical value is usually given to and change
of wood properties depending on its facing the
cardinal points is not taken into account with
forest products of general and special purpose,
including timber blanks and parts for manufac-
turing musical instruments for wide use. It is con-
sidered, e.g., that the cardinal points do not con-
siderably influence the contents of late wood, and
eccentric growth of a trunk is caused mainly by
the impact of other factors: non-uniform develop-
ment of a tree crown, exposure to wind, etc. [19].
Meanwhile, in ancient times, violins and other

musical instruments master craftsmen paid
special attention to selection of material from a
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points. This opinionis considered so constant that
itis assigned a value of a natural surveyor’s com-
pass for defining the meridian fora given locality.

Some authors attempted to check up the position
of poles in the geological past and courses of car-
boniferous zones to find out conditions of their for-
mation by studying standing fossil stubsin orderto
define the directions of mineral coals search [14].

From the view point of wood science, the work
of N.L. Kossovich is of great interest present-
ing the following results through the example
of research of the pine and the spruce [13]:

» during the first 30 years of growth the con-
tents of late wood prevails on the southern
side of a pine tree trunk at height of 6.5 m
when, in the opinion of the author, the in-
fluence of the cardinal points on formation
of macrostructure is shown more strongly,
whereas at height of 13.1 m it is not ob-
served, while at the age of more than 30
years the difference is observed towards
both increase and decrease at these heights;

» onthesouthernsideofatrunkfalseannualrings
occur more often, namely, 7 times in 8 cases;

» atanearly age, approximately up to 10 years,
wider annual rings appear on the southern
part of a trunk, and at the age over 10 years
they are found on the northern one; in the
latter case this difference makes 3-4 %;

* it is important to note, that in comparison
of a shade-tolerant spruce and a light-de-
manding pine the difference of the average
contents of late wood on the northern and
southern sides of a trunk was not found out;

» there is an essential difference between
the northern and the southern parts of a
pine trunk in anatomical structure. For ex-
ample, wider tracheids occur more often
on the southern side and narrow ones, on
the contrary, occur relatively less often;
the maximum southern tracheids lay in the
group of 30-40 microns, and the northern
ones lay within the limits of 20-30 microns.

The author describes intrinsic peculiarities of
the pine and the spruce in view of the contents
of vertical resin ducts. So, if the pine does not
have sharp difference between the northern and
the southern sides in this respect, spruce wood
has much more vertical resin ducts on the north-
ern side of a trunk; in the bottom part of a tree
this difference increases more than threefold.
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In recent years there were scientific results, con-
firming distinction of a gain of annual growth rings
of wood on the example of a white acacia; on the
southern and east parties of a trunk annual growth
rings are much wider, than on the northern and
western parties; the author assumes the reason
of such distinction in day length and tempera-
ture of a cambial layer on parts of the world [12].

The scientific results submitted above confirm
the necessity of purposeful studying of spruce
wood within the framework of the research under
consideration. The choice of the material given
is caused by its wide application in the manufac-
ture of many kinds of musical instruments. This
is connected with the fact that macrostructure
parameters (width of annual rings and late wood
contents) are included in national standards of
many countries as the basic criterion for select-
ing resonant forest products. The role of micro-
structure in formation of acoustic properties of
wood is studied and confirmed in early research
works which results are published last centu-
ry [02, 11, 18] and a current one [05, 06, 07].

The data on fluctuation of wood density values
inside a tree trunk are of great practical inter-
est under selection of material for manufactur-
ing resonant assortments; material porosity
which substantially influences acoustic param-
eters, e.g., velocity of sound and its frequency-
amplitude response is connected to density.
Therefore, in the work under consideration,
density was studied in interrelation with the
dynamic modulus of elasticity and the sound
velocity included in the formula for defining
acoustic constant as the basic criterion of wood
‘musicality’ according to formulas for sound ve-
locity and Young’s dynamic modulus in wood.

MATERIALS AND METHODS

The research was carried out on the territory of
Kirov and Perm regions belonging to the zone of
taiga woods of Russia in respect of forest growth
conditions.Researchplotsarepresentedbystands
of mature spruce trees atthe age of 120-150 years
and of II-1ll bonitet classes in view of productivity.

The asymmetry was studied on trunk collars of
circular saw cuts 50 mm thick from 9 average
spruce trees (characteristic average ones for the
forest research plots) at trunk height of 1.3 m
and at its different relative heights: 0.2 H; 0.5 H;
0.7 H (Figure 1), where H is the height of a tree.
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Figure1: Sample selection chart

Before average trees cutting the marks were
made on their trunks approximately at breast
height with respect to four cardinal points which
were then transferred onto the wood samples
studied for revealing external and internal asym-
metry (Figure 2).

andthe samediameter strictly; basically, Aintchar-
acterizes the bias of medullary sheath from the
trunk center (Figure 2, b).To perform these mea-
surements the diameter was selected where there
was a maximal difference in size of radii R and r.
Diameters and radii were measured in
four directions: north-south (NS); east-
west (EW); south-east — north-west (SE-
NW); south-west — north-east (SW-NE).

Research into revealing the difference be-
tween the southern and northern sides of a
trunk in respect of macrostructure, wood den-
sity and acoustic constant were carried out by
means of cores selected with increment borers.

The method revealing standing resonant wood
by means of cores has been researched rather
recently [3, 4, 9]. For this purpose cross-section
radial cores 4.0 mm in diameter were taken from
the northern and southern sides of sample trees
with an increment borer before cutting (Figure 3).

|
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Figure 2:Trunk asymmetry factors(boon bias):
a - external asymmetry, Aext = D/d ;
b - internal asymmetry, Aint=R/r

External asymmetry,Aext,was defined as
the ratio of D maximum diameter (with indi-
cation of a direction in respect of the cardi-
nal points) to d minimum one (Figure 2, a).
Internal asymmetry,Aint,(boon bias according to
GOST 2140 ‘Flaws in wood’)was studied through
the ratio of R larger radius to r smaller one at one
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Figure 3: Wood (core) sampling from a standing tree
with an increment borer: a - on a tree; b - main axes
of core anisotropy

As arule, wood structure along the length of a ra-
dial core is non-uniform and, accordingly, physi-
cal and mechanical parameters of heartwood and
sapwood differ from each other. This difference is
well appreciable even with the naked eye, first of
all, because of the wood macrostructure: narrow
annualgrowthlayersina peripheralzone ofatrunk
and wide ones close to juvenile zone(Figure 4, a).

Journal of Applied Engineering Science 15(2017)2, 422



Viadimir llyich Fedyukov - Trunk asymmetry and spruce wood resonant properties variability

with respect to the cardinal points and the tree height

%

AL

Figure 4:General view of wood macrostructure according to the trunk zone: a - elements of wood macrostruc-
ture (EW - early wood; LW - late wood; AL - annual layer); b - scheme of core division according to zones
(N — near-core zone; W-— working zone; U—undercork zone)

Generally, rather homogeneous wood between
under cork and core zones is taken for deck man-
ufacturing. Taking this fact into consideration, we
studied this part of a trunk conditionally marked
by letter W, Working zone, on cores (Figure 4, b).

1.Moisture content

(W), %

Basic physical and dendroacoustical proper-
ties of wood, namely, humidity, density, macro-
structure, velocity of ultrasound, were defined
in laboratory environment. The general order
of complex research is presented in Figure 5.

2. Macrostructure
(b1, bz) mm

h

3.Dimensions (Lxd), cm E
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4 Weight(m), g

Figure 5: Principle diagram of experimental measurements

Wood macrostructure was studied with elec-
tronic dendrometer (Figure 5, 2. Macrostructure)
which action principle is based on defining the
width of early (b1) and late (b2) zones in annu-
al rings according to their micro hardness [16].
Sound velocity in wood (C) was defined us-
ing pulse ultrasonic method through fixa-

tion of elastic longitudinal wave propa-
gation time (1) along the sample (/):
C=1It (1)
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It is necessary to note, that a piezoelectric
transducer with 60 kHz frequency was used in
the device, which is optimal for wood studies.
The sound velocity in the material and the material
density, p,given, itis possible todefine Young’s dy-
namic modulus,E, from the following known ratio:

C = /Ed’% thenE,y, = C* - p. 2)
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Itis known, that today acoustic constant of sound
radiation (K) suggested by academician N.N. An-
dreyev [01] is accepted as basic criterion of ‘mu-
sicality’ of the given material in many countries:

E

P 3)

Note. Threshold value is K = 12.0 m4/kges
for resonant wood in a longitudinal direc-
tion along fibers, and under cross-section ra-
dial measurements K = 3.5 m2/kges [08, 19].

Small transformations and joint solution of
equations 2 and 3 allow to define the size
of acoustic constant K through C and p:

K =

E
K = p_3
=K== (4)
E p
c= |-
P
Thus, the physical essence of reso-
nant wood represents combination of in-
congruous properties, i.e., high indices

of rigidity, sound velocity and low density.

Variability of sound velocity in wood along
the height of a trunk was studied on 16 newly
felled spruce trees. For this purpose the veloc-
ity of ultrasonic signal across a trunk was mea-
sured at standard height of 1.3 m and at rela-

tive levels of 0.2H, 0.5H and 0.7H with the help
of YK-14T1 device; for best contact of piezo-
electric transducers with wood the places of
measurements were carefully cleared of bark
and cambium. The diameter of spruce trees
varied within the limits of 30-40 cm at breast
height, and their height was 23-28 m(Figure 1).

At the moment of measurements wood mois-
ture content humidity obviously exceeded the
limit of saturation of its cellular walls, which
allowed to make velocity calculations with-
out correction for influence of humidity; physi-
cal and mechanical properties of wood de-
pend almost not at all on its moisture content
humidity above the given limit (W = 30 %).
Sound velocity at relative heights of trees gives
rather precise representation on the dynamics
of resonant properties of wood along a trunk
even without acoustic constants representation.
This is due to the fact that according to formula
4 sound velocity at the given density of mate-
rial predetermines its resonant properties; be-
sides, the density of spruce wood in a longitudi-
nal direction of a trunk varies insignificantly [17].

Since the diameter of a tree changes with its
height, the nature of trunk diameter influence
on cross-section sound velocity was studied
simultaneously on the same 16 sample trees.

Table 1: Spruce tree trunks asymmetry indices on separate cuts

External asymmetry Internal asymmetry
tree (cut) index

number Ag?;gwcrrig;ry O, mm| d, mm A, A(sji)?rgcrpigary R, mm rmm | Aint
*1-111 E-w 417 408 1.02 W-E 218 199 | 1.10
2-11 SE-NW 355 332 1.07 N-S 176 156 || 1.13
*3-1 SE-NW 328 299 1.10 SE-NW 184 144 || 1.28
*4-| SE-NW 359 350 1.03 SE-NW 202 157 || 1.29
*5-1 N-S 359 355 1.01 N-S 189 170 || 1.11
6-1V SE-NW 336 328 1.02 W-E 180 149 | 1.21
*6-V N-S 319 317 1.01 S-N 169 150 || 1.13
7- VIl N-S 299 290 1.03 NW-SE 162 135 || 1.20
8- SE-NW 332 326 1.02 NE-SW 174 152 || 1.14
8-l E-w 298 294 1.01 NW-SE 155 139 | 1.12
*9- I SE-NW 330 313 1.05 NW-SE 183 147 || 1.24
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Notes. Index number of a cut coincides with
relative height of its measurements on a trunk,
e.g., I and Il mean 0.1H and 0.2H, accordingly.

*Cuts where the contingency of external and
internal asymmetry of a trunk in one direction
is found out.

Despite of some divergences, estimation of
the data obtained by Student’s test has not
confirmed reliability of difference of average
values of radii in all the directions measured.

Thus,thefollowingconclusionscanbedrawnbased
ontheresults of spruce trunks asymmetry studies:

 there is no precise longitude-latitude regular-
ities in formation of both external and internal
asymmetry of spruce trunks; obviously, other
factors come out here, e.g., light and wind
modes, macro-and microexposition of the lo-
cality, tree inclination, etc. which in aggregate
negate the influence of the cardinal points on
asymmetry and corresponding physical and
mechanical properties of wood formation

* internal asymmetry has a greater abso-
lute value than external one, and they do
not always coincide in direction: quite ex-
ternally round trunks have explicit asym-
metry in the position of medullary sheath;

* internal asymmetry along one and the same
trunk can vary both in direction and in value.
Quite probably, this is connected with the
fact that during different periods of growth
a tree is exposed to unequal impact of cer-
tain factors of the environment, and, as a
consequence, convolute trunks are quite
frequently formed which are rather well ap-
preciable even by sight based upon the in-
clination of wood fibers; it is also possible
to assume, that medullary sheath does not
always remain strictly vertical, has small
bias against the trunk axis during certain
periods of tree growth for some reasons,
but all this is necessary to be proved.

Macrostructure and acoustic constant of
wood on the northern and southern sides of
a trunk. Initial comparison of trees has shown
thatthere are some differences in macrostructure
and dendroacoustics on the northern and south-
ern sides of a trunk. However these differences
come out individually both on separate trunks
and plots. For example, it is found out that on a
plot with rather bad growth conditions (bilberry
spruce forest) the contents of late wood on the
northern side is less than on the southern one.

Table 2: Average indices of spruce tree trunks wood macrostructure and acoustic constant

Northern side Southern side
Index name Units of meas.
X+1 X+1
Tree ring width or
Anual ring width mm 1.63+0.02 1.58+0.02
Late wood content % 30.59+1.86 30.83+2.02
Acoustical constant m4/ kges 3.52+0.07 3.41£0.09

Average data on the objects and trees are given
in Table 2.

Note.The indices of acoustic constant are giv-
en for standard moisture content of wood, W =
12%.

Based on the research results, it is possible to
note that macrostructure and acoustic constants
of wood at a certain height inside trunks have, on
the average, identical indices irrespective of the
cardinal points.

The check of uniformity of the data obtained by
Student’s test at 0.05 level of significance have
confirmed the absence of authentic difference in
these indices on the northern and southern sides
of spruce trees.

Journal of Applied Engineering Science 15(2017)2, 422

Change of sound cross-section velocity in wood
along the tree height and depending on its diam-
eter. The research results show that the veloc-
ity of sound in wood across the trunk depends
on individual peculiarities of trees and can vary
within the limits of 1000-1800 m/s; the factor of
variation amounts to about 35 %.

There is a certain regularity of increase in sound
velocity moving from the stem base to the top,
which is expressed through first order equation
y = 143.0x + 66.3; this regularity is illustrated in
Figure 6.

145



[N

Viadimir llyich Fedyukov - Trunk asymmetry and spruce wood resonant properties variability

with respect to the cardinal points and the tree height

e |

t

m/s

1471
1467
1463
1459
1455
1451
1447
1443
1439
1435
1431
1427

Ty Jr T lJyrrrrryrrrovyqs17rryyvyirEPunvay

|1.3 m 0.2

Figure 6: Changing of sound cross-section velocity in wood along the trunk height

Unfortunately, the opportunity of longitudinal se-
lection of the given material is essentially limited
in comparison with cross-section selection, es-
pecially last years in connection with reduction of
resonant spruce trunk thickness. Nevertheless,
carrying out acoustical diagnostics and maxi-
mal use of resonant wood on the length of for-
est products gains special practical value now.

Relationship of sound velocity in wood and bio-
metric data of a trunk. To study this question, di-
ameters of a trunk at heightof 1.3 m (D1.3) and at
relative heights 0.2 H,0.5Hand 0.7 H (D02, D05,
D07, accordingly) are taken as analyzed indices.

Due to significant dispersion of the results
of measuring ultrasound velocity in wood
across trunks (by diameter), we consider only
one-factorial quadratic equations of regres-
sion, as artificial increase of equations accu-
racy at the expense of their complication will
reflect casual fluctuations of control points.

The nature of trunk diameter impact on sound ve-
locity at different levels of its height is expressed
through the following parabolic equations (their
graphic representation is given in Figure 7):
at the height of 1.3 m:

C=1184.8+154D15-0.192D* 15 (5)
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»02H: C=1303.1+ 11.01D>0.162D% (6)

» 0.5 H: C=1057.1+30.48D5—0.5160%  (7)

» 0.7 H: C=1399.9 + 9.52D:—0.246D%; (8)

Note: The diameter ismeasured strictly in NS di-
rection.

Check of the results obtained against Fisher’s
ratio test has shown that all equations of regres-
sion are n ot significant. Hence, it is possible
to speak about the absence of total regular-
ity of trunk diameter impact on sound velocity.

C-curves have little difference in nature depend-
ing on diameters of a trunk at different levels,
i.e. the degree of relationship is practically iden-
tical here; obviously, except for an absolute
diameter value there are other factors which
give rather significant dispersion of velocity of
ultrasonic signal passing across the tree trunk.

Journal of Applied Engineering Science 15(2017)2, 422
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Figure 7: Dependence of sound velocity on trunk diameter at its different levels:
a-atthe heightof 1.3m; b—0.2H; c-0.5H; d—0.7H

CONCLUSION

On this stage of research the basic conclusion
consists in the fact that obligatory use of wood
from the northern side of a tree trunk cannot be
considered a common rule and criterion for man-
ufacturing decks of musical instruments; howev-
er, in certain growing conditions, trees can have
the best resonant wood on the northern side in
comparison with other sides of a tree trunk.

Hence, despite the lack of regularity in formation
of dendroacoustic properties in respect of the
cardinal points, one should not ignore the tech-
nique of wood selection for manufacturing mu-
sical instruments accepted by ancient masters
(using separate sectors of a trunk). Even in case
of absence of difference in acoustic parameters,
the instrument made of wood from one trunk
sector gives somewhat greater effect than the
one made of wood from other parts of a trunk;
it is known that selection of monogamous mate-
rial is of especially great value for manufacturing
so-called custom-made instruments with unique
acoustic properties required [20].The top part
of a trunk differs from the bottom one in better
acoustic properties. The results obtained mainly

Journal of Applied Engineering Science 15(2017)2, 422

confirm the existing opinions of scientists and ex-
perts that long ago, when there were opportuni-
ties to select rather thick spruce trees, masters,
as a rule, used to collect wood at 4-6 m apart
the spruce stem base for manufacturing decks
of musical instruments [15].

In case of necessity to take strictly radial cores
as test samples for carrying out scientific re-
search, it is not enough to be guided by the
generatrix forming a trunk, and repetitive coring
along mutually perpendicular radii is required. If
it is required to be limited to one drilling, it is nec-
essary to use indicating transducers for defining
the boon position. The main thing, in both cases
it is necessary to specify the direction of drilling
on a core with respect to the cardinal points, and
in order to obtain reliable results it is expedient to
analyze identical samples, e.g., taken only from
the northern side of a trunk.
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