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ABSTRACT 
This paper focuses on the modal analysis of the lignocelluloses plates using simple but advanced 
method to determine the damping coefficient and fundamental frequencies of lignocelluloses plates. 
First it had been measured the physical in terms of geometrical sizes, mass, moisture contents, than it 
had been analyzed the dynamical behaviour of the plates at free vibrations, using the impact hammer 
for light structures and a specialized soft to determine the damping coefficient and natural frequencies 
which characterized the wood based plates. Finally, the results obtained with both methods were 
compared to the ones obtained by other researchers in this field. 
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1. INTRODUCTION 
One of the main objectives of sustainable development is based on using and recycling waste. 
Lignocelluloses composite materials from different structures (plates, beam, solid) are made from 
sawdust, fibres, wood chips with different sizes, all being residues resulted from primary and 
secondary wood processing. Mixture of the resin and matrix leads to obtain materials with new 
properties and with different statically and dynamical behaviour. The acoustic qualities of a 
mechanical structure are intrinsically linked to the material they are made of and also linked to own 
elastically properties. The wood’s behaviour under the acoustic waves depends on the one hand on the 
sound energy which makes contact with it and on the other hand it depends on the nature and the state 
of the wooden material, respectively on the macro and microscopic structure of the wood – the 
structure of the cellular membrane, the fibres’ dimensions and cohesion, the presence of some own 
chemicals, the wood’s humidity, the temperature of the wood, the elastically properties, and it also 
depends on the structure’s layout in proportion to the sound source (longitudinal, transversal, radial, 
tangential, complex) [9, 13, 14] .  
Depending on moisture content, microscopic structure, sized (thickness), section, wood and 
lignocelluloses materials can be used in applications that are designed to isolate noise and vibrations 
(sound absorbing panels in civil, social, cultural, industrial, automotive, paving, etc.) or the 
construction of musical instruments.  
 
2. OBJECTIVES OF PAPER  
This paper presents results of theoretical and experimental investigations on the dynamic behaviour of 
lignocelluloses plates in terms of natural frequency and damping coefficient.  The objectives of this 
research are:  presentation of the equipment and the procedures of impact hammer method, 
determination of: logarithmic decrement, damping ratio and natural frequency of composite plates, 
comparison between the theoretical results obtained with FEM and experimental ones. 
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3. METHOD AND MATERIALS   
The method used consisted of hitting plate (structure) at central points of plate with a hammer impact 
for light structures. The response of structure to vibrations has been captured by means of four 
accelerometers (measuring on z direction) located in symmetrically points of the plate.  
 

 
Figure 1. The experimental set-up  

 
The captured signal was displayed with Pulse soft and the primary data were processed with ME’ 
Scope VES 4.0 software. The experimental stand was built as it can be seen in Fig. 1. Each plate (1) 
was freely supported on a foam device (2) and hit with impact hammer type B & K 8204 (4) in central 
point of plate. The vibrations of plate were captured with four accelerometers type B&K 8320 (3) and 
transmitted to Pulse hardware and displayed with Pulse soft. A work program in Pulse soft was 
developed to capture and processing the experimental data [14]. The connections of experimental set-
up has been configured, the types of measurements and implicit functions (Time, Fast Fourier 
Transform, Fourier Spectrum, Complex Time) were established. The results of measurement were 
displayed in a different task of soft and saved as files for processing with ME’ Scope program [10, 
12]. The plywood and solid wood plates with geometry as in Figure 1 were tested. Before the effective 
tested, it was measured the moisture content of wood and the thicknesses of plates in 7 points, using 
the ultrasound moisture meter type Merlin PM1-E [14] . In Table 1 are summarized the average values 
of geometrical sizes, moisture content, density and Young’s modulus from literature of the tested 
samples [3, 4, 5, 6]. 
 
Table 1. The physical features of tested plates 

Materials of plates  Thicknesses 
h [mm] 

Length 
L [mm] 

Width 
l [mm] 

Moisture  
content  
U [%] 

Density 
ρ [kg/m3] 

 

Young’s  
Modulus   
EL [MPa] 

Sample 1 Spruce - plywood 2 530 415 8.7 % 450  14500  
Sample 2 Spruce –plywood 2  530 415 7.4 % 450  14500  
Sample 3 Spruce –plywood 2 530 415 6,6 % 510  11800  
Sample 4 Spruce –plywood 2  530 415 9.7 % 540  10900  

 
4. RESULTS AND DISCUSSIONS  
First results obtained with Pulse system refer to time capture of accelerometer signals as is 
shown in Figure 2. It could be noticed that the dynamical behaviour of plates is governed by 
the damped harmonic motion. Applying the Fast Fourier Transform to the time signal exported 
from Pulse to ME’ Scope soft, the values of natural frequencies and damping coefficient were 
obtained as it can be seen in Figure 2. It is found that the analyzed plates made from different species 
and with different composition present multiple natural   frequencies. Depreciation of the internal 
mechanisms of wood plates are dependent on their own frequencies, estimating the specific 
characteristics is also difficult because of the non-isotropy of wood species, density and wood as being 
an non-homogeneous material. Unlike the homogeneous and isotropic materials, for wood is used the 
relation presented below applied on experimental results [1, 2, 3]. Thus, internal friction is expressed 
by the logarithmic decrement or quality factor of  vibration damping, Q. In the case of forced 
vibration, the logarithmic decrement is calculated with relation (6.1) - after Beldeanu [1, 2, 3]:  
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where fr is the resonance frequency in Hz and f1, f2 - frequencies corresponding vibration amplitudes, 
A1, 2 = 0,707 * Amax. 

 

       
 

Figure 2. Acquisition and visual display of output signal in terms of time capture and FFT 
  
The value of internal friction depends on the moisture content, species, anisotropic direction, size and 
structure of sample (beam, plate), the regularity and continuity of the wood structure, the mode of 
fixation and method of investigation. It was noticed that average values of fundamental frequency and 
damping ratio depending on the particular characteristics of wood, even in the same species. From this 
point of view, the wood and all lignocelluloses materials are versatile materials being used for acoustic 
insulating when the damping ratio and implicit the acoustic loss have big values (more than 0,02), or 
for resonance values in musical instruments construction [7,8]. 

 
                       Table 2. Measured and calculated values of damping ratio 

Sample Mass 
m [Kg] 

Experimental 
Damping Ratio ζ (Average values) 

Sample 1 Spruce  0,281 0,018738 
Sample 2 Spruce  0,282 0,017050 
Sample 3 Spruce  0,284 0,017958 
Sample 4 Spruce  0,276 0,018475 

 
Comparing the experimental results with literature as is shown in Table 3, it can be remarks that we 
obtained similarly values, using different experimental method. 

  
        Table 3. Comparison of results to the literature ones 

Measurements in Longitudinal – 
Radial plane of wood 

Experimental Fundamental 
Frequency f [Hz] 

Experimental 
Damping Ratio ζ 

Stanciu / Spruce plywood (h= 2 mm) 9.476 0.017632 
Bucur (2006) /Sitka spruce  9.531 0,013000 

 
 

5. CONCLUSION  
In conclusion, the present method the presented method is an advanced variant of scientific research to 
study the dynamic characteristics of materials in a modern and relatively easy way. Impact hammer 
method involves the proper equipment, an adequate software and rigor in determination. This method 
of scientific investigation can be used for any type of structure and material. Regarding the 
experiment, both the materials of plates and boundary conditions, have a great influence on the results 
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of measurements. In our research the acoustical characteristics of lignocelluloses plates were 
presented. Each species presents the own macro and microstructure, for which appreciation acoustic 
characteristics requires a very rigorous statistical study, which is not subject to present research. Even 
within the same species, there were differences due non-homogeneity sensitive material timber and 
method of cutting. In the vibration laboratory of the Department of High-Tech Product of Automotive 
have been tested other structures such as carbon fibres composite boards and fibreglass, car bodies, 
aircraft wings, propellers, engines, etc. 
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