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The possibility to proof the structural integrity without removing its individual components
has become an important technology challenge. The most commonly used nondestructive test-
ing methods are visual inspection, radiography, ultrasonics, and thermography. The most of
those methods is not suitable for implementation into a smart structure. Methods that require
scanning of large areas are not available as the basis of self-diagnostic systems. To perform the
inspection by those methods, direct human intervention is needed. The built-in sensors would
be continuously inspected the structural integrity. Therefore, methods that can operate from
fixed locations in the structure while inspecting large areas are key candidates for the structural
integrity monitoring system.

The Lamb wave method is attractive technique for the structural integrity monitoring sys-
tem. The Lamb waves in plates, also termed guided waves, can be used as a potential so-
lution for large-area nondestructive inspection of plate-like objects. They are able to travel
relatively long distances. Therefore, the material between transmitter and receiver can be in-
spected. Hence, a line scan is achieved with each pulse rather than the comparatively slower
point-scanning performance of conventional ultrasonic pulse-echo technique. This method in-
volves the analysis of the transmitted and/or reflected wave after interacting with the test part
at boundaries or discontinuities. The presence of damage is identified when the response signal
of subsequent tests deviates from the reference response of the undamaged configuration taken
earlier in the structures life [2].

0 0.5 1 1.5
0

2

4

6

8

10

12

freqvency [MHz]

ph
as

e
ve

lo
ci

ty
[m

m
/µ

s]

s0

a0

s1a1 s2 a2

0 0.5 1 1.5
0

1

2

3

4

5

6

frequency [MHz]

gr
ou

p
ve

lo
ci

ty
[m

m
/µ

s]

s0

a0

a1 s1 a2s2

Fig. 1 The velocity dispersion curves for 4 mm thick steel plate;
symmetric modes (solid), antisymmetric modes (dashed).
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Fig. 2 The plate geometry and the used coordinate system.

Complications encountered in applying Lamb waves include the existence of multiple modes
and the dispersive character of the modes. The calculated dispersion curves [4] of 4mm thick
steel plate for phase and group velocities are shown in fig. 1.

Contribution deals with finite element (FE) modeling of Lamb wave interaction with sim-
ulated defects. The FE modeling is used to predict the behavior of Lamb waves to idealized
defects. In all cases the vertical displacements are obtained since this displacement is measured
in experimental tests.

The analyzed steel plate is 2d = 4 mm thick and L = 120 mm long. The La = 20 mm long
absorbing part is appended to main plate [1]. The notch, h depth and w width, is located on the
top of the plate at distance L/2 = 60 mm. The plate geometry with notch location and the used
coordinate system are shown in fig. 2. FE calculations are performed in the commercial envi-
ronment COMSOL Multiphysics with the Structural Mechanics Module [3]. The plane strain is
used as an application mode. The mapped squared mesh with size of elements 0.5×0.5 mm is
created. Elements are the Lagrange–Quadratic type. On the left edge of this plate is set exciting
constraint. The exciting pulse is specified by table. The others edges are free. The FE results
have been analyzed using the 2D-FT method in MATLAB [5].

The results have shown that sensitivity of individual Lamb waves to particular notches is
dependent on the frequency, the plate thickness, the mode type (symmetric or antisymmetric),
the mode order, and the geometry of the notch. The sensitivity of the Lamb modes to simulated
defects in different frequency regions has been determined as a function of the defect depth and
the plate thickness ratio. The results have indicated that the Lamb wave method may be used,
when the notch depth to wavelength ratio is about one half. The tests on notches of different
widths have indicated that the transmission and reflection amplitudes are insensitive to changes
in width. This was caused by the small width of notch in comparison with the wavelength.
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