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Abstract: Excitation of fundamental frequency - mode [2,0] to xylophone bars is an essential 
indicator for the detection of basic mechanical properties of the material. Know the mechanical 
properties of the material, allows us to better evaluate and exploit the material in the xylophone 
manufacture. Tuning the instrument also requires some knowledge of the specific nature of the 
materials for their production. In the tuning the bars is important respects some harmonic 
frequencies ratio, which reaches the desired of timber and sound of the instrument.  
By impulse method can be re-excite the same frequency and strength of the impact on the same 
place. And then we recorded using FFT analysis to determine what proportion are harmonics. This 
method is only a technical improvement method which has already been used in research of wood 
suitable for xylophone manufacture. 

1 Introduction 
Percussion mallets instruments – Idiophone, whose tones are produced respectively excited 
blow by mallets are largely influenced by the anatomical structure and mechanical properties 
of wood this kind of instruments are xylophones. Xylophones (Figure 1.) usually consists of 
chromatic or diatonic tuned bars involving range 3 - 31 / 2 octaves from C4 (261 Hz) or C5 to 
C8 (4186 Hz). 

 

Figure 1. Two octave xylophone C4 - C6  

In the manufacture of special products of wood, which are musical instruments in mind of the 
choice of material. Material should be as the most homogenous without any defects and 
changes in structure. One of the basic properties of wood from the perspective of its use in the 
manufacture xylophone bars should be taken into account the mechanical and acoustic 
properties of rosewood, which are taken as standard material in the manufacture of these 
instruments. They are characterized by high density ρ, high-value modulus Ex and small 
acoustic constants A (Table 1.). 
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Table 1. Elastic characteristics of rosewood normally used to produce xylophone bars [2] 

Material  ρ        
(kg.m-3) 

E     
(GPa)

A           
(m4.kg-1.s1) 

Eastindian rosewood      
(Dalbergia latifolia) 740 12 5,4 

Brazilian rosewood        
(Dalbergia nigra) 830 16 5,3 

Honduras rosewood     
(Dalbergia stevensonii) 1040 22 4,41 

 
2 Impulse method 
With this impulse method we could excitate a basic mode on the sample of xylophone bars. 
The method is very simple as can be seen in Figure 2., the pendulum with a ball that moves 
from the starting position. Before to hit on the bar the pendulum ball break on the fixed rod 
and then hit a bar from the bottom. This apparatus (Figure 2.) was designed by Brancheriaua 
[1], which dealt with Classifying xylophone bar materials by perceptual, signal 
processingand wood anatomy analysis. 

 

Figure 2. Experimental impulse method design by Brancheriau [1] 

We used this apparatus as an experimental method of excitation mode [2,0], which we then 
determine its frequency. Using the elastic constants D1, which is calculated according to 
relation (1) where f4 is the mode frequency [2,0]. After the calculation and then inserting to 
the relation (2) obtained modulus of elasticity in the longitudinal direction Ex [3].  

 (1) 

 (2) 

According to the known relations of modulus and density, which was determined by the direct 
method so then is possible defined the acoustic constant of the relation (3) [3] 

 
(3) 

  
 We are evaluating mechanical characteristics of our domestic trees, which were oak (Quercus 
cerris L.), hornbeam (Carpinus betulus L.), elm (Ulmus carpinifolia, L.) and  one imported 
exotic mahogany wood - Sipo (Entadrophragma utile Sprague). Whereas the measurements 
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between the two methods based on high values of difference, so the reference results, we 
considered it relevant to a dynamic-resonance method. 

Table 2. Comparing the diferencies betwen two methods Ex a A (wa=8%)[6] 

method Dynamic-resonance impulse Comparing [%] 
Ex A Ex A Material 

[GPa] [m4.kg-1.s-1] [GPa] [m4.kg-1.s-1] 
∆ Ex % ∆ A % 

ELM 14.46 8.56 12.69 8.75 13.95 2.17 
OAK 14.75 7.38 11.87 6.23 24.26 18.46 

HORNBEAM 15.38 6.6 8.2 4.25 87.56 55.29 
SIPO 13.58 6.81 15.02 6.8 9.59 0.15 

 

Improving apparatus for subsequent consultations and adjustments, we adjusted pulse 
apparatus, so that we eliminate the most fundamental errors of measurement.  

Apparatus was modified as follows: using the guide groove (1) the ball (2) directed see Figure 
3. for the specific location of the impact, and also trigger (3) allows us to repeatability of the 
excitation plates of the same position at a constant force. 

 

Figure 3. Modified impulse method with trigger and guide groove 

The sample (xylophone bar) (5) was placed on two rubber strips (8), which created conditions 
for free boundary. Sample were excited small plastic ball (2) attached to the thread. Pendulum 
ball was dropping from the starting position, always the same angle. What ensures the 
adjustable trigger (3). After the impact on the sample, the pendulum break on fixed rod (4), 
and then ball hit to the bottom surface of the sample. According Brancheriaua error with 
which this method provided fundamental frequency is low (from 0.1% to 4.3%) [2]. In this 
experimental set up was the time of a contact with a sample minimal. The experiment was 
used plastic ball attached to nylon thread length of 30 cm. The diameter of the ball was 25 
mm and its weight was 10 g. Sample (xylophone bar) was excited near one of its ends a 
distance di = 1 cm (Figure 2.). To measure used condenser microphones (Yoga -EM2800) (7), 
which was located on the opposite side of the sample at a distance of dm = 2.5 cm (Figure 2.) 
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from the edge. The sounds were digitally recorded sample rate 44.1 kHz software Adobe 
Audition version 1.5 [6]. 

With this apparatus can record sounds, the excitation plates and subsequently fast FFT 
analysis can be evaluated. What does it mean that we can determine where and in what 
proportions are different harmonic components that create the sound of xylophone bar. And 
this way we can tune each harmonic tones of the bar. 

 

Figure 4. FFT analysis by Adobe Audition programe 

3 Tuning 
Xylophone respectively Marimba bars are tuned by cutting the shape of the underside of the 
arch, but for the xylophone the arch is not so deep as the marimba. Overtone tuning, or tuning 
of harmonic tones is also unique in xylophone and marimba. The first harmonic tone in 
xylophone bar is usually tuned to three times above the fundamental frequency and second 
harmonic is the six times higher as the fundamental tone and the ratio is 1:3:6. But this also 
depends on the requirements of the player can also be tuned to the first harmonic tone through 
two octaves as the marimba and the second about ten times above fundamental frequency 
1:4:10. Note, it was found that when tuning overtones is usually ignored upper register, as in 
the case of marimba. 

Tuning procedure is simple. Fundamental tone - the first mode of bar [2,0] is reduced to 
remove material from the center of the arch (see area 1. Figure 5.). The second transverse 
mode [3,0] - the first harmonic tone is reduced most when the material is removed in the 
middle and the end of the arch (see area 2. Figure 5.). The third transverse mode [4,0] Third-
harmonic tone is reduced when most of the material is removed from the end of the arch (see 
area 3. Figure 5.). When all three frequencies are required in harmonic intervals, then the 
material is removed uniformly across the vault and we achieved so focused tone. [5]. In 
Figure 6. we see three major mode of vibrating marimba bar tuning of tone C2 excited by 
modal analysis. 
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Figure 5. Tuning fields  

 

Figure 6. Three major modes of C2 marimba bar 

4 Conclusion 
This modified apparatus is technically possible to record another sound experiment of 
xylophone bar, which can analyze by audio software programs. The advantage of this 
apparatus is relatively precise location of the impact ball. And trigger mechanism allows us to 
compare changes in the acoustic deviation at various elevation changes of the pendulum ball 
with eliminating basic errors of measurement. Thus we have a realize one of the important 
conditions of experimental measurements. 
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