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Abstract Taking medium density fiberboards (MDF) as
samples, the feasibility of the applications of wavelet analysis
in a nondestructive test is discussed in this paper. The main
results are as follows: the modulus of elasticity of longitu-
dinal resonance, measured by wavelet analysis, can replace
the conventional static modulus of elasticity. Their correla-
tion coefficient is significant (p < 0.01). The defect of samples
can be judged by wavelet analysis, which is superior because
it is a nondestructive test.

Keywords nondestructive evaluation (NDE), wavelet
transformation, medium density fiberboard, modulus of
elasticity

1 Introduction

Acquisition and analysis of signals are important in the
nondestructive evaluation (NDE) of wood-based panels. The
conventional method is based on fast Fourier transformation
(FFT). It is effectively applied in steady and periodic signals.
However, the large numbers of NDE signals from wood-
based panels are complicated, unsteady, time consuming, and
difficult to process by FFT. Wavelet analysis is a more effec-
tive method than FFT to process unsteady signals, such as the
tapping tone of wood. The analytical wavelet method obtains
the information effectively because of its well timed resolu-
tion at high frequency domains and good frequency resolu-
tion at low frequency domains. The tapping tone of wood was
studied by wavelet analysis to evaluate wood quality (Kodama
and Zhang, 2000, 2001). Results showed that the resonance
frequency of sound decreased and the time the sound lasted
for resonance was shortened when tapping a specimen with a
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big knot, compared to a clear specimen. The relationship
between the resonance frequency, modulus of elasticity
(MOE), and the knot diameter can be approximated with a
second-degree polynomial. Therefore, the proportion of knot
in wood can be estimated from the difference between the
resonant frequencies of clear wood and wood including a
knot.

In our study, the medium density fiberboard (MDF) is used
to discuss the feasibility of wavelet analysis applied in NDE.
First, vibration signals are analyzed by wavelet transform
and then the dynamic MOE, measured from the resonant fre-
quency determined by wavelet analysis, is compared with
the static MOE. Second, the defects of MDF are evaluated
by signals that are transformed by a five-scale wavelet
transformation.

2 Materials and methods

2.1 Experimental materials

Test specimens of MDF were prepared by equalizing them
in a temperature and humidity chamber (20°C temperature,
65% humidity) for one month. The lengths of the specimens
were 400, 500 and 600 mm, the width and thickness were
50 and 20 mm. The average density of the specimens was
756 kg/m>.

2.2 Experimental methods
2.2.1 Longitudinal vibration test

As shown in Fig. 1, the specimens were hit by a hammer at
one side. Longitudinal vibration signals, received by micro-
phone, were transmitted to a computer at the other side (Hu
etal., 2001, 2002).

The resonance frequency can be analyzed by wavelet
transformation. The longitudinal resonance MOE is
computed by Eq. (1)
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Fig. 1 Sketch of test principle of longitudinal resonance

where E; (GPa) is the longitudinal resonance MOE of the
specimen, L (m) its length, f,, (Hz) the longitudinal resonance
frequency, p (kg/m?) the density, and m the multiple of higher
harmonic frequency to basic frequency, m =1, 2, 3...

2.2.2 Flexural vibration test

The method of flexural vibration test is shown in Fig. 2. The
specimen is supported by foam at the nodal point (0.224 L).
The specimen is hit at one side and then the flexural vibration
signal, received by a microphone, is transmitted to the
computer on the other side.
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Fig.2 Sketch of test principle of transverse resonance

The resonance frequency is analyzed by wavelet
transform. The flexural vibration MOE is computed by

Eq.(2)
E. =481’ pL' £ /(n'T?) )

where E; (GPa) is the flexural vibration MOE of the spec-
imen, L (m) is the length, f, (Hz) the flexural vibration
frequency, p (kg/m*) the density, 7 (m) the thickness of
the specimen, and n the constant, n, =4.73, n, = 7.853,
ny = 10.996, when n>3, n,, = (m+0.5)7.

2.2.3 Conventional static test of modulus of elasticity

The static MOE of specimens is conventionally obtained by
a mechanical machine used for experiments according to
national standards of the People’s Republic of China (GB/T
17657-1999).

3 Results and discussions

The longitudinal resonance MOE, the flexural vibration MOE
and the conventional static MOE are shown in Table 1.

3.1 Relationship between dynamic analysis of modulus of
elasticity of wavelets and conventional static modulus of
elasticity

Nondestructive tests of wavelets have many advantages. But
given current national standards, properties of wood-based
panels are still measured by destructive static test methods.
Therefore, the correlation between dynamic and static proper-
ties should be investigated so that static properties can be
calculated from the dynamic properties of wavelet analyses.
As is shown in Table 1, the longitudinal resonance MOE
and bending MOE are higher than the conventional static

Table 1 Modulus of elasticity of longitudinal resonance, bending elasticity and conventional static elasticity

Specimen Longitudinal resonance elasticity modulus Bending elasticity modulus Static elasticity modulus
Average Standard Variant Average Standard Variant Average Standard Variant
value /(GPa) deviation /(GPa) coefficient /% value /(GPa) deviation /(GPa) coefficient/% value /(GPa) deviation /(GPa) coefficient /%

1 2.828 0.299 10.6 3.869 0.651 16.8 2.774 0.138 5.0
2 2.181 0.344 15.8 3.080 0.573 18.6 2514 0.193 7.7
3 3.515 0.371 10.6 4.436 0.610 13.8 3.268 0.211 6.4
4 1.548 0.238 15.4 1.827 0.035 1.9 1.633 0.064 39
5 3.299 0.199 6.0 5.459 0.045 0.8 3.112 0.051 1.6
6 2.250 0.152 6.8 3.487 0.016 0.4 2.456 0.095 4.1
7 3.751 0.037 1.0 5.641 0.055 1.0 3.553 0.075 2.1
8 2316 0.036 1.6 3.034 0.048 1.6 2.460 0.080 4.1
9 3.380 0.468 13.8 5.063 0.030 0.6 3.066 0.320 104
10 2.347 0.023 1.0 4.130 0.040 1.0 2.778 0.056 2.0
11 2.828 0.299 10.6 3.510 0.239 6.8 3.369 0.220 6.5
12 2.181 0.344 15.8 2.834 0.033 1.7 2.402 0.039 1.6




MOE. Regression analyses were performed to determine the
linear regression equations of longitudinal resonance MOE
and static MOE as well as of bending resonance MOE and
static MOE.

The linear regression equations are: y = 1.94x — 1,450.64,
where y is bending resonance MOE and x static MOE; and
y = 0.80x+506.25, where y is longitudinal resonance MOE
and x static MOE.

The correlation coefficient of the MOE of longitudinal
resonance and that of static elasticity was 0.957 and the MOE
of bending and the static MOE was 0.969. The longitudinal
resonance MOE, measured by wavelet analysis, can be taken
to represent the conventional static MOE. Their correlation
coefficient (7) is statistically significant with the probability
plp =0)<0.01.

3.2 Evaluation of defects

The main defects of our MDF specimens were bubbles and
a lack of glue. The longitudinal resonance signals and FFT
of defective and clear specimens are shown in Figs. 3 and 4.
The size of specimens was 400 mm x 50 mm x 20 mm. The
bubble was in the middle of the specimen. Theoretically, the
natural frequency of defective specimens should be reduced.
But the differences between defective and clear specimens
were not clear from the Fourier transformation. The reduc-
tions in natural frequency were very small, so that the bubble
defect could not be judged by FFT, as shown in Figs. 3 and 4
(Sun et al., 2004; Wang and Sun, 2004).

The signal singularity point is one of the most important
characteristics that provide some useful information. The
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traditional method to study the signal singularity point is FFT,
but it can only confirm the existence of the signal singularity.
Wavelet analysis has the characteristic of multi-resolution
analysis that can detect the position of the signal singularity
point. As shown in Figs. 5 and 6, the resonance signals are
transformed by five-scale wavelet analysis.

In Fig. 5, the wavelet transformation coefficients of the
longitudinal resonance signals in the clear specimens d1 and
d2 are zero. In Fig. 6, the wavelet transformation coefficient
of the longitudinal resonance signals in the defective spec-
imen is not zero. The vibration of specimen is the superposi-
tion of a steady component and a transient component. It can
be interpreted as the defect. The defect can be judged by the
high frequency and transient components in the frequency
domain characteristic of wavelet analysis.

4 Conclusions

The purpose of this paper was to discuss the feasibility of
wavelet analysis applied in NDE of wood-based panels.
Results show that the MOE of wavelet analysis can replace
the static MOE because they are prominently correlated at a
level of probability <0.01. The linear regression equations
are: y = 1.94x—1,450.64, where y is bending resonance
MOE and x static MOE, and y = 0.80x+506.25, where y is
longitudinal resonance MOE and x static MOE.

The defect can be judged by five-scale wavelet analysis
when the specimens have a high frequency and transient com-
ponent in the frequency domain. Wavelet analysis, as a NDE
of defective specimens, has an advantage over FFT. In order
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Fig. 3 Longitudinal resonance signals and Fourier transformation of the defective specimen
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Fig. 4 Longitudinal resonance signals and Fourier transformation of the clear specimen
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Fig.5 Wavelet analysis of longitudinal resonance signals in the clear specimen
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Fig. 6 Wavelet analysis of longitudinal resonance signals in the defective specimen

to estimate exactly the defect of wood, as a function of size,
type and location, further research is needed.
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