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ABSTRACT: Localized singularities caused by changes in the stiffness or mass of the damaged region
cannot be simply visible through modal analysis results. However, the wavelet transform of input signal
can identify the location of defects by sudden changes in the spatial variation of transformed response.
The aim of this research is to present a new method for damage detection in a damaged plate. Therefore,
a squarely steel plate with fixed support conditions is modeled, symmetrically. The proposed method in
this study is capable to detect existing defects in plates with damage ratio of 3%. In this approach, based
on symmetry or asymmetry of mode shapes, the value of each point of mode shape data is respectively
subtracted from or added with its symmetric point. The results demonstrat that the small defects are
detected with high resolution by employing reconstructed modal data in contrast to the original mode
shape data. In addition, it has been shown that less-detailed measurement can still be used provided
an interpolation is used to improve the accuracy of the crack detection and decrease financial cost of
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1-Introduction

Health monitoring and damage detection in the shortest pos-
sible time is a necessity that needs to be felt more and more
every day in all engineering sciences, especially civil engi-
neering, mechanics and aerospace. Most of the techniques
used, usually based on eye visitation or visiting a specific
point (such as voice, ultrasonic, and wave reflection), lead
to a change in the specification of the material. In addition,
in some of these techniques, access to the site of damage is
necessary, so structural monitoring and vibration monitoring
methods are specifically developed to eliminate these con-
straints. Structural health monitoring systems generate a large
amount of data, so processing data and interpreting results
has become a challenging issue [1]. Various studies have
used Modal analysis response for damage detection. Pandey
et al. (2014) showed that the change in the modal analysis
curve determines the damage location. A sudden change in
the wavelet coefficients specifies the damage location and,
using the intensity of these coefficients, can be detected the
depth of damage [2, 3]. Sampaio et al. (1999) extracted the
modal curve values from a healthy structure [4]. Gentile and
Messina (2003) focused their attention on the discovery of
open cracks in the beams under cross-vibration [5]. They
used a discrete wavelet transform to detect open cracks in the
beams with reducing the measured data and the basic infor-

Corresponding Author: Alinaseri@stu.nit.ac.ir

mation of the structure. Zhu and Law (2006) presented a new
method to detect the cracks in the bridge beam under moving
loads using wavelet analysis. This method was verified by
laboratory and numerical simulation. The location of multiple
cracks was precisely determined. The results were not sensi-
tive to the noise of the system, velocity, and magnitude of the
moving load [6]. Zhong and Oyadiji (2011) introduced a new
method for detecting small cracks in beam structures without
using structural modal parameters [7]. This method is based
on the difference between two categories of modal analysis
data, which is related to the left and right half of a simple
double beam. This method was able to detect damage with a
5% damage ratio.

2-Methodology

eDiscrete wavelet transform

In this section, a summary of the discrete wavelet transforms
used in this study is presented. A discrete wavelet transform is
an implementation of the wavelet transform using a discrete
set of the wavelet scales and translations obeying some
defined rules. In discrete wavelet transform the signals can be
represented by approximation and details. The detail at level
j is defined as [8]:

D.i(t)zk;CDj,kV’j,k(t) (1)

Where is waveletcD , , function and is wavelety,
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coefficient at level /. the approximation at level /is defined as:

+00 2
A4;0= 3 cd; ()9, 0) *

Where 4. i is scaling functions and cA Iy is scaling
]5 ’

coefficient at level j. the signal f (¢) can be represented by:
f@)=4,+>'D, 3)
Jj<J

eReconstructed modal analysis data

The modal analysis signal of plate is divided into two
symmetric and antisymmetric groups. The first and fourth
mode data of the plate are symmetric with respect to the
center of symmetry of the plate (point O), but the second and
third mode data are antisymmetric. For symmetric states in
the first and fourth modes, the values of any point such as (7,
Jj) are deducted from its corresponding point (n-i + I, n-j +
1) with a central symmetry relative to it and this new value is
replaced at (i, j). On the other hand, for the antimetric mode,
in the second and third modes, the values of each point (7,
Jj) are accumulated with the points of the atomic symmetry
coordinates relative to the center of the plate (n-i + 1, n-j
+ I) and this new value is replaced at (7, j). The results of
this process are presented for each of the four damaged plate
modes, as a symmetric matrix of the center of the plate, which
is used as the wavelet analysis input signal.

eNumerical modeling

The selected structure is presented for numerical modeling is
an elastic square-shaped plate with dimension L xW# x i and
four-edge fixed support with a low thickness element as a
damage in Figure 1. The damaged area is characterized by a
lower degree of stiffness (less thickness) at a point withx jand
Z ,coordinates. The damage ratior, = h, / his fixed at 3% for
all models. In the damage ratio relation, /1, is the thickness of
the damage and 4 is the thickness of the plate.

Element with less thicknes
(Damage)

«
\4
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b i i
Figure 1. Finite element view of damaged plate

In this research, the finite element model has been used in the
Ansys software to obtain the frequencies and mode shapes of
fixed support plate. The damage site is modeled in part with
a less thickness. Modal analysis results of Ansys software in
the form of a two-dimensional matrix consisting of a plate
deflection were used as input in MATLAB software.
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3-Results and Discussion

Figure 2 shows the modal analysis of reconstructed wave-
let coefficients for four modes. According to the location of
the damage, all of the mode in Figure 2 (except for the third
modes) display a large peak in the damage region and the
wavelet coefficients of these have high clarity compared to
the wavelet transformation of basic modes. The shock caused
by the support effects on the wavelet coefficients in the basic
modal analysis, completely eliminated in the reconstructed
modal analysis. The resulting noise caused by the location
of damage and numerical solution caused the damage effect
in Figure 2, the third mode not easily visible. Damage is a
localized phenomenon. As shown in Figure 2, the use of the
reconstructed modal analysis method makes it possible to
clearly detect the damage location at low frequencies (modes
one and two). The results indicated that the reconstructed
modal analysis method is superior to the base modal analy-
sis method for detecting damage in the plate. In other words,
the removal of the support effects, reducing the noise caused
by numerical solution and displaying the damage location in
low-frequency modes are the achievements of the proposed
method, which provides small damage detection with a 3%
damage ratio on the plates. The results showed that damage
near any of the modal analysis peaks leads to the exact dam-
age detection. In other words, if the damage is located near
the point that its displacement is close to zero, there will be
intense noise in the wavelet analysis results. This effect is well
visible as shown in Figure 2. The results showed that with
increasing sampling points distance, the accuracy of determi-
nation of the location of the damage is decreased. The use of
interpolation of modal analysis data has had an extraordinary
effect on the accuracy of the discovery of the damage detec-
tion on the plate. Comparison of the results showed that the
use of interpolation with the distance of the sampling points
makes it economical not only by using less sensors, but also
by reducing the noise.

4-Conclusions

This research is a simple but precise method based on wave-
let transformation on the reconstructed modal analysis results
for detecting small damage in structures such as symmetric
square plates with a 3% damage ratio. The modal response
of the plate with a fixed support is measured based on finite
element method in Ansys software. Different location of
damage and different sampling point were investigated. The
results demonstrated the efficiency of the proposed method
for detecting damage and, in fact, provide a powerful tool
for detecting damage in terms of the wavelet transformation
method on the basic modal analysis results. Despite the high-
er sensitivity and high frequency performance (Mode 4), the
proposed method showed high potential in detecting damage
at low frequencies. In fact, the location of the damage and its
closeness to the peak of modal analysis displacement is the
main factor behind the successful operation of the proposed
method. In addition, in order to improve the accuracy of
damage detection, interpolation was used on measured data
of modal analysis of all four mode. The results showed an
amazing interpolation effect on the modal analysis results, in
order to improve damage detection on the plate. On the other
hand, the use of interpolation in some way reduces the num-
ber of sensors in the monitoring system, which also reduces
the exhausting cost of monitoring systems.
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Figure 2. wavelet coefficients of reconstructed modal analysis of damaged plate
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