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ABSTRACT

Ultrasonic guided waves are now well established in the long-range inspection of large structures such as pipelines.
They also are promising for the non-destructive evaluation of plates and plate-like structures. However many engineering
structures are plates with bends and corners. Such features in the transverse direction affect guided wave propagation
along the structure and thus makes the inspection challenging. Here we investigate the effect of transverse bends on
axially propagating ultrasonic guided waves. Using numerical simulation and validation, we show that transverse
bends have an effect of focusing guided waves. Further, the bend angle has a strong influence on the nature and mode
of propagation of the guided waves. These results are discussed in light of the physics of the problem.
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INTRODUCTION

Ultrasonic guided wave testing is an attractive alternative for
large-area inspection since it offers the potential for rapid
screening from a single transducer position and remote
inspection of physically inaccessible areas of the structure.
Since the guided waves produce stresses throughout the plate
thickness the entire thickness of the plate is interrogated and
it is possible to find defects initiating at the surface and also
to detect internal defects. However, guided wave inspection
is complex because there are many modes in plates and pipes
and they are in general dispersive (their velocity is a function
of frequency). Therefore understanding the properties of
guided waves, such as the dispersion curves, through-thickness
mode shapes and attenuation is essential for choosing proper
modes and frequencies for inspection.

However practical testing of plates has shown that there are
issues concerning the propagation of ultrasonic guided waves
through bends. Another challenge to inspect real plate-like
structures is that there always exist some features such as welds
and ribs, which may cause extra coherent noise that interferes
with the inspection signal. It is therefore desirable to improve
the understanding of the reflection and transmission
characteristics of the bend. Thereafter a series of studies
followed on the subject of wave propagation in structures with
constant curvature [2–4] and structures with slowly varying
geometry [9]. Most of the work on complex structures has
been focused on the study of surface waves but in recent years
Liu and Qu [3] and Wilcox [5] have investigated wave

propagation in curved plates. Beard [6] continued the work
started by Wilcox, presenting the mode shapes for curved
plates. In order to exploit the features in guided wave, it is
necessary to understand its nature and propagation
characteristics. Juluri [4] performed a three dimensional finite-
element (FE) simulation on an idealized welded plate geometry
and demonstrated the existence of the compression weld-
guided mode (similar to the Lamb S0 mode in the plate), which
had been experimentally detected by Sargent [7]. So the
motivation of this work was aimed at improving the
understanding of guided wave propagation through plates
having bends with different angles and we have opted for a
computational approach rather than a mathematical approach.
Finite Element (FE) simulation was used to study and
understand the wave propagation through the bends and is
reported here.

FINITE ELEMENT MODEL

A simulation study was carried out to understand the behavior
of ultrasonic guided waves in aluminum plates having bends
with different angles ranging from 30 degree to 120 degree.
For longitudinal and shear guided waves it was observed that
there existed a guided mode that can propagate along the bend
concentrating the energy in and around the bend region. A
simple explanation of this phenomenon is that the bend angle
causes slower propagation velocities along the bend region
compared with the plate. Therefore part of the energy is trapped
in the bend and causes the bend region to act as a waveguide.
The schematic of the model is shown in figure 1.
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Center Frequency 100KHz

Element Size 1mm (•/32), •S0= 0.053m

Element Type 3D linear 8 noded brick element
(C3D8R)

Total Time 250 micro seconds

Step Time 1e-8 seconds

Material Density 2700 Kg/m3

Young’s Modulus 70E9 N/m2

Poisson’s Ratio  0.33

RESULTS AND DISCUSSION

The excitation is a 5-cycle pulse with a shaped sinusoid with
centre frequency of 100 kHz was given at the midpoint of the
bend which is along the Z direction. Figure 3 shows a snapshot
of the contour of total displacement magnitude during
propagation of the guided waves centred at 100 kHz for 30
degree and 90 degree bend plates.

From the Figure 3, we observe how energy focusing happens
along the bend, well trapped inside that region. Hence it is
possible to propagate this for long distances and for detecting
defects along the bend region with relatively little attenuation.

Figure 4 shows the displacement contour for a flat plate. In
this the longitudinal and shear waves are distinguishable and
there are no modes travelling along the center line like the
bend plates. Also in the case of 30 degree plate where we see
the focusing of energy we can rule out the formation of SH0
mode as it is the plane of symmetry [11].

The modes which have higher energy flow in the bend than in
the side plates corresponded to the bend guided mode, thus
were picked up. At 100 kHz, the mode shape of the bend guided
mode, which has the maximum displacement across a line on
the surface of the bend and the plate was obtained. Amplitude
distribution along the cross section of the bend plate at a

Fig. 1 : Snapshot from finite element model used for study.

Fig. 2 : Phase velocity dispersion curves for a 3mm aluminum
plate

Fig. 3 : Time snapshots of the contour of total displacement
magnitude illustrating the bend guided mode
propagation along the bend in plate bent at (a) 300 (b)
900

SIMULATION USING FE (ABAQUS)

In order to numerically study the interactions of the bend
guided mode with different angles, it is necessary to apply a
three-dimensional time step FE simulation. In our work, it
was performed by the commercial software package
ABAQUS/Explicit [9]. The model plate was assumed to be
made of aluminum. The model uses a standard three-
dimensional spatial discretization composed of linear cubic
shaped 3D brick elements (C3D8R), where each node has three
degrees of freedom with respect to displacement. The
dispersion curves (phase velocity vs. frequency) were traced
using the DISPERSE [10] software, which is shown in  Figure.
2. The parameters used for the FEM study are given as shown
in Table 1.

Table 1 : Parameters used for the Finite Element Modeling

Model Length 555 500mm

Model Thickness 3mm

NDE 2011, December 8-10, 2011 79



80 Abilasha Ramadhas et.al : Proceedings of the National Seminar & Exhibition on Non-Destructive Evaluation

CONCLUSION

A series of plates with different bend angle were investigated
with numerical simulation (FE). Studies revealed that an
individual SH0 wave propagated within the confines of the
bend. We need to further investigate this interesting
phenomenon, through quantitative studies of the focusing of
energy as a function of the bend angle and curvature. Currently,
we are in working towards this while also seeking validation
through experiments.
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Fig. 4 : Time snapshots of the contour of total displacement
magnitude illustrating the wave propagation in a flat
plate (1800)

Fi.g 5 : Amplitude distribution across a cross section at a
distance of 100mm for a 30degree bend plate

distance of 100mm for different angles from the point of
excitation is shown in Figure 5. It can be seen that the axial
displacement quickly decays with distance away from the
center, which indicates the energy is concentrated in and
around the bend.

It was found that the amplitude decays exponentially when
the wave propagates through the bend region. Figure 6 below
shows the variation of the amplitude along the bend for
different angles. It was found that the amplitude almost
remains constant for plates with bend angles higher than 90
degree.

Figure 7 below shows a typical measured time trace of the
signals of a 5-cycle tone burst at 100 KHz. Here the graph is
plotted for amplitudes for different angles and it was found
that plate with a small degree of bend had more energy trapped
inside the bend.

Fi.g 7 : Time plot (A Scan) obtained at an example observation
point

Fi.g. 6 : Variation of the amplitude along the bend for different
angles.
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