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ABSTRACT  

One of the most obvious tendencies in the wood industry is 

the growth of the production of panels to the wooden base. 

The MDF is a product that every time gains more stand out in 

the industry of furniture and the civil construction and its 

characterization is of abridgment importance to guarantee its 

correct use and to secure its qualities, being the 

nondestructive testing a quick form, cheap and promising for 

his evaluation. The objective of this work is to determine the 

modulus of elasticity of panels of MDF through 

nondestructive testing, identifying the best frequency of the 

ultrasonic transducers, and comparing the ultrasonic method 

with the excitement method for impulse, from the correlation 

with the test of static flexing. The results showed that two 

techniques can be used for the determination of the modulus 

of elasticity and the excitement for impulse supplies superior 

correlations. 
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INTRODUCTION 

The reconstituted panels of wood appeared with the purpose of reducing some disadvantages 

from the massive wood, like for example, anisotropy, heterogeneity, hygroscopicity, 

dimensional instability and to increase the use of the raw material. These panels can be done 

from blades, fibers, and particles of wood joined by a sticker under the action of temperature 

and pressure. 

The medium-density fiberboard (MDF) is constituted by fibers, it is a homogeneous panel 

and stable dimensionally because the fibers are linked to diffuse forms reducing the 

anisotropy from the wood. They appeared in the United States at the beginning of the 60 

years, reached Europe in the middle of the decade of 70 and too late in Brazil in 1997 [1]. Its 

consumption, in 2005, reached 40 millions of m³, Asia is responsible for 56 % of the world-

wide consumption of this panel, followed by Europe (22 %), by the United States together 

with Canada (15 %) and the Latin America (7%) [1].  

According of data of the Brazilian Association of the Industry of Mechanically Prosecuted 

Wood [2], as much in absolute terms as relative, the world-wide consumption of MDF passed 

of 5 % in 1995 for 26 % in 2012. In Brazil, this consumption destines to the furniture 

manufacture is also used in the civil construction, like the fine floor, baseboard, cushions of 

doors, partitions, doorposts, and pieces turned in general. 

The checking of the characteristics of the plates MDF is done by rigorous quality control. 

Because owing to the production process, there is the monitoring of the properties of 

resistance, the proceeding is slow demanding much time and it requires for technicians with 

specialized training, with the generation of residues, because in the end the used samples are 

discarded[3,4]. The checking of the mechanical characteristics is done through destructive 

tests according to the Brazilian standard [5]. 

An appropriate evaluation can be helped by the use of nondestructive testing (NDT), because 

these allow to value the self-element, without the necessity of extraction of the sample [6]. 

The NDT are those carried out in materials to check the existence, or not, of discontinuity or 

defects, through definite physical beginnings, without altering its physical, chemical, 

mechanical, or dimensional characteristics, and without interfering in its subsequent use. 

Inhomogeneous and isotropic materials, the nondestructive evaluation allows detection faults 

that appeared in processes of manufacture [3]. In the wood, these irregularities take place 
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naturally, because the question is about a material produced by nature. The influence of these 

irregularities from the wood about the mechanical properties can be valued in the form 

nondestructive [3, 4, 7]. 

For the massive wood, studies carried out with the use of equipment for NDT, indicate the 

possibility to be established correlations with the modulus of elasticity (E) when was 

obtained through destructive testing [3, 4, 7]. Among the advantages of the application of 

nondestructive techniques can be detached the possibility of realization of the evaluation of 

the plates in the production line, with the additional advantage of happens the evaluation of 

all the plates and not only of samples [3]. 

There are several evaluation techniques nondestructive, what they are employed for the 

evaluation from the wood and from its products, between which it is possible to stand out: 

ultrasound, resistograph, cross vibration, and waves of tension. 

The technique that uses ultrasonic waves began in the decade of 1950, in Europe, being 

employed initially in concrete investigations. Subsequently, began theoretical studies for the 

application of the ultrasound in the wood, being found some difficulties due to the anatomical 

peculiarities of the material. The first experimental results were obtained by Waubke, in1983, 

in Germany [8, 9].  

Currently, several types of research have been developed to prove the validity of the 

technique of ultrasound in the classification of pieces and products of wood. How, for 

example, Nogueira and Ballarin [7] in the study with massive wood obtained coefficients of 

correlation between E and dynamic constant, obtained with a test of ultrasound, varying 

between 0.76 and 0.89. Gonçalves and Silva [4], applying ultrasonic waves to MDF panels, 

found that the correlations obtained between the propagation speeds of the ultrasound waves 

and the modulus of elasticity of the plates, obtained in destructive tests, make it possible to 

infer the use of NDT. Thus, the excellent correlations with speed were significant for use in 

the industry, so its determination will be much simpler and more direct than the 

determination of the dynamic constants. 

The excitement technique for impulse is based on the natural vibration frequencies. To suffer 

a light mechanical impact, the proof body gives out a characteristic sound that depends on its 

dimensions, mass, and elastic properties. The reduction and the frequencies present in this 

acoustic answer allow the precise determination of the modulus of elasticity and the 
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deadening [10]. This technique was introduced in the decade of 70 using the equipment 

Grindosonic, what it is marketed at present with the same resources and functionalities. In the 

decade of 90, due to the advancement of computer science, the second generation of 

equipment appeared for the technique of the excitement for impulse [4, 9, 10]. 

In this context, the objective of this work is to value the job of two techniques nondestructive 

at panels of MDF, identifying which supplies better correlation with the results obtained by 

the destructive testing. 

1. MATERIALS AND METHODS 

There were used samples of commercial panels of MDF of Pinus were withdrawn 16 Test 

Samples (TS) with dimensions of 5x2x25 cm, what they were rehearsed using the techniques 

of ultrasound and excitement for impulse and static flexing. The density of the panels was 

around 0.65 g/cm3 and the moisture varying from 10.9 % to 13.1 %. 

The 16 TS of MDF was tested in an ultrasound appliance of the mark Fakopp, model 

Ultrasonic Timer, in which they have used three types of transducers one for each frequency, 

Figure No. 1, that they allowed the measurement of the time of propagation of the wave in 

the material. The used transducers were of 30 kHz, 54 kHz (exponential) and 150 kHz to 

identify which one was supplying better correlation, in other words, which one is the ideal 

frequency for analysis of TS of MDF. 

Of possession of the time, there were calculated the speeds of propagation of the waves that 

are connected with the elastic constants (dynamic constants), they're determined so 

information correlated to the mechanical behavior of the evaluated material. The MDF can be 

considered a stratified material or transversely isotropic and the stiffness matrix, in agreement 

with [4, 9] it is given by Eq. (1). The constitutive law of this material has 5 independent 

components, in this work, only will be determined the constant that correlates the modulus of 

elasticity of the material. This dynamic constant of stiffness (CR11=CR) is determined by Eq. 

(2). 

                    (1) 

                    (2) 
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Where: CR is the constant dynamic of stiffness (MPa), δ the apparent density of the sample 

(kg/m3), V the speed of propagation of the ultrasonic (m/s), and g the constant of gravity (10 

m/s2). 

 

Figure No. 1: Transducers: (a) 30 kHz, (b) 54 kHz (exponential) e (c) 150 kHz 

The appliance Sonelastic (excitement by impulse) was used to determine the modulus of 

elasticity from the natural frequencies of vibration of the samples through excitement for 

impulse. The principle of functioning of the equipment is based on the excitement through 

the pulse, follow of the catchment of the acoustic answer by a sensor (frequencies), Figure 

No. 2. Through the transformed ones of Fourier is obtained the specter of corresponding 

frequencies and from it, the dynamic elastic module [11] is calculated. For these calculations, 

it is necessary to supply the geometry, the mass, and the dimensions of the TS, previously 

measured by a caliper rule and a digital balance, and with the frequency obtained by the 

equipment, it is determined the E. 

 

Figure No. 2: Test to determine the elasticity module through excitement for impulse 

After the NDT, the 16 samples were rehearsed of the agreement the prescriptions of the 

Brazilian standard [5] is a universal machine of mechanical tests of the mark EMIC and 
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model DL3000, Figure No. 3 equipped with a displacement transducer with 0.001 mm of 

sensibility. The load applied in the tests was monotonically increased at a rate of 2.5 

MPa/min. The mechanical test was the static flexing in three points with which was 

determined the static elasticity module (E). These values were used to obtain correlations 

with the values registered by the NDT. 

 

Figure No. 3: Test of static flection in three points. 

2. RESULTS AND CONSIDERATIONS 

2.1.Identification of the ultrasonic frequency 

In Figure no 4 are presented the printers of the correlation between the destructive test and 

the results obtained by the ultrasound in each frequency. For the 30 kHz frequency, Figure 

No. 4.a was found a correlation (R²) of 0.786, however, it is believed that it is a false 

correlation, because one of the factors that affect the speed of the ultrasonic wave is the 

length of the sample, and for use a 30 kHz frequency the length of the sample should be 

bigger than 25 cm [12]. For the 54 kHz frequency, the R² was of 0.291 a very low value, 

Figure No. 4.b. this probably is due to have been used as an exponential transducer which 

concentrates the waves in only one point. 

The transducer of 150 kHz shows a correlation of 0.754, Figure No. 4.c, the value that is 

significant and compatible with the values usually found in the literature, which allows to 

affirm that the nondestructive method through ultrasound can be used to value the mechanical 
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properties of the MDF and that the 150 kHz frequency is to ideal for these samples 

dimensions. Several national and international types of research show the viability of the 

method of ultrasound, through correlations between the modules of elasticity obtained in 

destructive testing (parallel compression to the fibers and static flexing). The values found in 

the literature indicate values of the coefficient of determination (R²) between 0.57 and 0.89 

[13-17]. So the Eq. (3), can be used to determine the E of the plates of MDF using a 150 kHz 

transducer. 

                    (3) 

2.2.Correlation between excitement test for impulse and destructive testing.  

In Figure No. 5 are the results of the tests of excitement for impulse and the static flexing test, 

the correlation between both was of 0.923, a high value. Eq. (4) presents this correlation. 

                  (4) 
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(b) 

  

(c) 

Figure No. 4: Correlation between the test with ultrasound using the transducers (a) 30 

kHz, (b) 54 kHz, and (c) 150 kHz with the E static obtained in the flexing test. 
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Figure No. 5: Correlation between the excitement test for impulse with the E static. 

3. CONCLUSION 

The nondestructive method using ultrasonic waves can be used to value the mechanical 

properties of the MDF and the frequency of 150 kHz is the ideal for the dimensions of the test 

samples. 

The excitement technique for impulse presents a performance better than the technique of 

ultrasound. However, it can be realized values related, allowing to check that both techniques 

can be used in the characterization of MDF panels, with the additional advantage of allowing 

the individual examination of the pieces in the production line. 
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