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One of the limited information about the acoustic characteristics of wood is the timbre
harmony. We measure the sound harmony of selected hardwood species using a timbre harmonic
model. 324 wood samples of 20 x 20 x 300 mm (R x T x L) were collected axially from 12 trees
of $SOEL]LD DG,LDRHMOKIQ B QL THERRUHL abdH JLRDV F LIX LV@/fod RO LD
the experiment. Results were subjected to descriptive statistics and analysis of variance.
The timbre harmonic model prescribed a scale of 0-1, 0 being the perfect harmonic while
1 represents imperfect harmonic. * D U E RdddHHad the significantly lowest mean timbre
harmonic of 0.078 N 0.006, thus it had the best sound harmony. Meanwhile, $ DGLDQWKLIROL
wood had the highest timbre harmonic value (0.120 N 0.008). Conclusively, this study
successfully measured the timbre harmonic of sound from selected hardwood species and
information provided revealed the species all performed fairly, owing to their values closer
to 0.00.

KEYWORDS: Frequency contents, acoustic, timbre, hardwood, harmonic.
,1752'8&7,21

Br@maud (2012) posited wood as a major constitutive material of many musical instruments,
because of its role in their design and building process, thus contributing to their behavioral and
cultural identity. Many materials and musical instruments contain more than one frequency in
their sound when struck, and these frequency contents are referred to as the timbre of the sound.
According to Goswami and Makarand (2013), timbre is a property of sound which helps to
identify the source of a sound. It is the main attribute that distinguishes musical instruments from
each other through sound. The variation in numbers and arrangement of frequencies contained in
a sound is one of the parameters that determine the type and quality of the timbre, thereby
making such a sound complex.
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All complex sounds such as with musical instruments are expected to contain multiple
frequencies, with the first frequency as fundamental frequency while other subsequent
frequencies are known as overtones (Jeffery 2003, Goswami and Makarand 2013, Zlatintsi and
Maragos 2013). More specifically, harmonicity relates to the existence of overtones as integer
multiples of the fundamental within a soundds spectrum.

In Africa, wood has found direct usage for musical instruments as wood block, xylophone,
balafon, bamboo slit drum, amongst others. In spite of the introduction of other materials
(composite, polymer, alloys), wood remains a good and preferred choice for acoustic
applications due to its unique acoustic characteristics and aesthetic appeal (Wegst 2006). One of
such characteristics that makes wood unique is its damping properties which enable sound waves
to be partly absorbed and partly reflected when set into vibration by a strike.

Among scholars who have studied the acoustic characteristics of wood in relation to musical
instruments are Yano et al. (1992) who studied the acoustic properties of wood for violin, and
Olaoye et al. (2016) who investigated the acoustic potential of $Q L Q JH U L DvobdRdE X VW D
manufacturing talking drum. Also, Sedik et al. (2010) reported the acoustic properties of
selected tropical wood species while Olaoye et al. (2019) reported for *PHOLQD WdéE RUHD
while Bucur (2006) reported the suitability of various wood species for different musical
instruments. Notwithstanding, information about the suitability of wood species for musical or
acoustic application based on the harmonicity of its sound timbre has suffered a setback. As such,
a further investigation is needed to buttress available information.

Thus, without proper scientific measurement of timbre harmonic from wood species, it will
be difficult to identify wood having good harmonic sound pleasant to the ears. Alternatively,
practitionerso will continue to rely on listen prowess of supposed experts to determine a pleasant
and harmonic sound. Hence, it is important to measure the timbre harmonic of sound generated
from wood species. Furthermore, Yano et al. (1994), Obataya et al. (2000), and Haines (2000)
reiterate the importance of timbre for wood soundboard of string musical instruments.

Benetos et al. (2006), Pikrakis et al. (2006), Goswami and Makarand (2013), Zlatintsi and
Maragos (2013) have identified with MFCC (Mel Frequency Cepstrum Coefficients) as
a method for timbre identification in musical instruments. McAdams et al. (1995), Caclin et al.
(2005), Aramaki et al. (2007) characterize sounds using timbre descriptors such as attack time,
spectral bandwidth, spectral centroid, and spectral flux. These methods though found useful in
the classification of timbre into the different musical genre, it is not suitable for measuring
harmonicity of timbre, especially for sound of wood species. Nonetheless, Olaoye (2021)
successfully designed a model which can be adopted for measuring timbre harmonic of the sound
of musical instruments and wood species.

The timbre harmonic model proposed by Olaoye (2021) highlighted that for a sound to be
pleasant and harmonious to the ear, the frequency contents of the timbre of that sound must be in
perfect arithmetic arrangement. Thus, the model analysis presented a harmonic scale of 0-1, with
0 being the perfectly (strong) harmonic sound and 1 imperfect (weak) harmonic sound.
Therefore, this work aims to measure the timbre harmonics of selected hardwood species using
the timbre harmonic model, to assess their sound harmony.
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The selected wood species considered in this study were SOEL]JLD DG LTPHWKRIIROLCLC

DUERWORQL[aHE@ RN FLD D QJ XL \DW L CREMAR: tite@abdut 36 m)

with a few large widely spreading branches. It is widespread in tropical Africa and South Africa,

and commonly called dayinre bona bonad in Yoruba, Southwestern, Nigeria (Lock and Keay

1991). Also, * D U E R &wviddBly cultivated and distributed exotic wood species in Nigeria.

It has found prominence in uses for acoustic application and musical instrument such as

the talking drum (Aiyeloja et al. 2015). ' U H béldhgs to the family fabaceae, and is

a medium-sized tree found in tropical countries (Shewale et al. 2012). % D Q J XD WshruR O L

or small tree about 6 m high that belongs to the family Capparaceae and it is commonly found

across Africa (Burkill 1985).

0$7(5,$/6 $1' 0(7+2"

6DPSOH FROOHFWWR®QG SUHSDUD

Twelvetreesof $ DGLDQWKLRUERUBI BadPo D QJ X L(¥tkkelrdgRogtds D
per species) were felled in Oyo State, Nigeria. * D UE & %D D Q J X Lwénd/felleRfin D
Gambari forest reserve while $ D G L D QaWiK L IURHDakbi®felled from a farm land. Fig. 1
described the sample machining. Bolts were collected from the tree axially using the chain saw,
while a band saw was used to covert to the required wood sample dimension. A total of 324
wood samples of 20 x 20 x 300 mm (radial x tangential x longitudinal) were then collected for the
timbre harmonic model analysis. The wood samples were oven-dried at 103 N 2°C for 24 hours,
and conditioned at 80% relative humidity and 24°C for one month prior experiment.

Core
Top wood Middle
Outer

Middle wood

=)

Base wood

20mm x 20mm x 300mm

)LJ 6 DPFSOGIHFWLRQ WHFKQLTXH

7LPEUH KDUPRQLF PHDVXUHPHQW
The experiment was set up as shown in Fig. 2 (Mousavi et al. 2010). This method was used
to generate the sound from the wood samples. In order to avoid interference, the experiment was
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performed in an enclosed silent room, at room temperature. The wood samples were then struck
severally with a hammer at one end and sound generated were recorded using Audacity software
(version 2.4.2. 2020) at the other end. The average natural frequency contents (timbre) were
obtained through the Fast Fourier Transform (FFT) contained in the Audacity. Hence, the timbre
harmonic was measured using Eq. 1 (Olaoye 2021). Olaoye (2021) established that the use of six
overtones gives a more reliable and accurate results. Thus, the first six frequencies (n = 6) were
administered for this experiment.

threads
» »
microphone
© — - ()% wooden
- hammer
L wood sample 033 //
%
)LJ THKWMSVRI ORQJLWXGLQDO IUHH YLEUDWLRQ WHVW
\?. | f-f 1 R n
G- "t

where: =1, 2€ n, j =2, 3é&n, |- natural frequency, Q number of frequency observation,
. o- Kayos constant = 1.6 (n = 6).

The experiment was set up in a completely randomized design while descriptive statistics,
charts, and analysis of variance were used to test for significance:

Yij=p+Ti+ Eij (2)
where: < L= bbservation, — mean, 7 Ltreatment (hardwood species), ( L-Mrror term.
5(68/76 $1' ',6&866,21

The Fig. 3 shows the FFT spectrum analysis for one of the wood samples measured.
The first frequency labeled I is the fundamental frequency while | =+ 1 represents the first five
overtones. Additionally, the mean timbre harmonic of sound from all the wood species studied
were presented in Fig. 4, while radar diagrams in Fig. 5 represent the harmonic values per
species. The radars consist of circles with 0.05 difference to each other, and the first circles
identified with red represent timbre harmonic values 0 0.05. Furthermore, Tab. 1 shows post-hoc
analysis of variance of timbre harmonic of the species studied.
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DUERUHDFZRRGILD AR ®QJIXLVWLIROLD ZRRG

* DU E RddHHAd the lowest mean timbre harmonic of 0.078 N 0.006 thus making it
significantly different from the other wood species, while the highest mean timbre harmonic value

was obtained for $ D G L D Q Wiéod &F0Q20 [ 0.008.

The results in Fig. 5 interpret that only $ D G L D Q Wi¢oH h&l @sltiDbre harmonic value
in the 6" radar circle (0.25-0.30). An implication that the poorest timbre harmony was found with
$ D G L D Q WéoH.I/ARsG hdxtimbre harmonic values were observed in the 1% radar circle of
$ D G L D Q VWwkerehR 'O LIDU E $RdwvkitEat more of its values were contained in its 1* radar
circle; a situation which thus implies that more harmonious sounds were associated with

* DUE RbbHl D
In the 2™ radar circles (0.05-0.10), only *

DUE&®RW ¥ D D Q J X Lwodl hablRh©rhoist

populous harmonic values present. Since the 1% and 2™ circles represent values closest to 0.00
(perfect harmonic sound), it can thus be insinuated that these two wood species have performed
better owing to more harmonic values present in their first two circles. However, there is a need

to present an analysis of variance to confirm this insinuation.
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0.25

0.15 \
. A AN

0.05

Timbre harmonic
(@]
8]

(]
[

Wood Species

A.adianthifolia G.arborea D.regia =B anguistifolia

)LJ OHDQ KDUPRQLF YWRMHWWHRBWWHGQHKED IR ZFRRG VSHFLH'

Inferentially, results presented in Tab. 1 confirm that timbre harmonic values obtained for
* DUERKWH®D D QJX Lwodd lweRe Gignidicantly different from other wood species.
However, * D U EWwRdAddHBs significantly better. This further explains the reason * DUERUHD
wood was considered suitable (Olaoye et al. 2019) and sort after (Aiyeloja et al. 2015) for
musical and acoustic applications.

7DE 3RWWF DQDO\VLV RI YDULDQFH IRU PHDQ WLPEUH KDU
KDUGZRRG VSHFLHV

+DUGZRRG VSHPH®DW “ VWDQGDUG HUURU 6XEVHWYV
a b c
* D UBRD 0.078 N 0.006° 0.078
% DQJXLVWL | RN 0.006° 0.094 0.094
UHJLD 0.108 N 0.008™ 0.108 0.108
$ DGLDQWKLIR®@LM KN 0.008° 0.120
Sig. (P-values) 0.0007* 0.125 0.177 0.250

* - Significant. Mean values with a different alphabet in the same column are significantly different from each
other.

The mean timbre harmonic (0.078 N 0.006) obtained for * D U E WdddHrixhis study was
similar to what was found in (Olaoye 2021) (0.07) for the same wood species, at the same
number of frequency observations (n = 6). Going by the scale prescription (0-1) of the timbre
harmonic model, it can be shown that all the wood species considered in this study performed and
compared fairly, owing to their mean values (0.078, 0.094, 0.108, 0.120) and highest recorded
value (0.26) relatively closer to 0.00. This could be another major reason wood is preferred for
musical applications.

On the other hand, (Baar et al. 2016) opined that anatomical properties of hardwood species
can influence acoustic traits of wood. Similarly, Brancheriau et al. (2006) confirmed
the importance of the regularity and homogeneity of the anatomical structures of wood species,
thus suggesting that. The axial parenchyma and rays as the key trait for good timbre. Thus,
different anatomical properties of these wood species may have influenced the timbre harmonic
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values obtained in this study. This study, therefore, highlights the need to investigate
the relationship between anatomical traits and timbre harmonic of hardwood species.
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This study measured the timbre harmonics of selected hardwood species using the timbre
harmonic model, and relevant information was provided. * D U EWwddd-h& the lowest timbre
harmonic value, which thus signifies that it has the best sound harmony, followed by
%DQJXLVWd 'RAQIHNIWHDe $ D GLDQWhkLthK fighddt value. Meanwhile,
the influence of anatomical properties was suspected to cause variation in values of the timbre
harmonic obtained for different species in this study. Notwithstanding, all the wood species
performed fairly, owing to their mean timbre harmonic values closer to 0.00.
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