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Abstract

Acoustic emission signal is a kind of elastic wave which is caused by the release of
internal energy of materials when the structure changes. The propagation
characteristics of acoustic emission is important to the testing technology of a structure
by acoustic emission signal. The finite element method is introduced to analyze elastic
wave propagation in plate structure in the article, which mainly contains the
discretization techniques of the area and time domain. The structure plate with different
materials ,style and coating metal are selected in finite element simulation, the
displacement contours and wave curve resulted from simulation are used to analyze the
interface reflection, refraction and diffraction process as well as the wave type
conversion in different medium of the elastic wave propagation . The mechanical pencil
lead fracture experiment is done to verify the transient simulation of elastic wave
propagation in plate structure.

Keywords: Plate structure; acoustic emission; elastic wave; propagation
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1 Introduction

The acoustic emission signal is a kind of elastic wave which is formed by the release
of the internal energy of materials when the structure changes [1-2]. The acoustic
emission signal contains rich information of the structure. In order to interpret the
detected acoustic emission signals in terms of their relevance to material failure, it is
required to have concise knowledge of propagation of acoustic emission signal in
structure. These acoustic waves propagate within the solid can be detected at the surface
by suitable sensor systems [3-4]. This method is known as acoustic emission analysis
and its significance to structural health monitoring as well as its ability to improve
material testing procedures has already been proved [5]. The experimental approaches
[6-10] recently have focused on using guided wave propagation to interpret AE
signals to better discriminate and eliminate extraneous noise signals, and to enhanced
identification of AE sources.

The visualization of acoustic emission wave propagation is effective for understanding
the complicated wave phenomenon in anisotropic material. Z. You et al. [11] developed a
two dimensional finite element code and showed wave propagation in an orthorhombic
medium, and Z. You et al. [12] discussed amplitude loss in anisotropic material by
developing an axisymmetric finite element code. K. M. A. Jaleel et al. [13] discussed a
wave scattering by cracks in orthotropic graphite/epoxy composite material by using finite
element method. Hamstad and Gary [14-15] applied finite element modeling to simulate
acoustic emission sources based on body forces acting as a point source in a solid. Hora
and Cervena investigated the difference between nodal sources, line sources and
cylindrical sources to build more representative geometrically acoustic emission sources
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[16]. At the same time, Sause, and Horn [17] proposed a finite element approach using an
acoustic emission source model in the vicinity of the acoustic emission source. Wilcox
[18] described wave propagation by numerical methods with a main focus in the
improvement of the calculation routines. The theoretical description and numerical
implementation of wave propagation is already well established. However, it is important
to consider the effects of attenuation, dispersion and propagation in guiding media to
capture the characteristics of the signal accurately. However, only a small amount of work
has been performed recently to advance the understanding of the physical processes
involved in the propagation characteristics of acoustic emission in the structure with
various materials.

In this paper, we apply the finite element method to study the elastic wave propagation
characteristics in plate structure with various materials .The displacement contours and
wave curve are obtained from the simulation to analyze the interface reflection, refraction
and diffraction process as well as the wave type conversion in different medium of the
elastic wave propagation. The experimental work is based on a pencil broken test stage to
validate the transient simulation of elastic wave propagation in plate structure with
different materials and metal coating, and comparison is made between the experimental
results and the results from the different types of acoustic emission source simulation.

2. Finite Element Numerical Method

2.1 Equations of Motion

Equation of motion for isotropic elastic solid neglecting body forces and viscous
attenuation is expressed as

(A+y)v(v.a)+ﬂv26=pfj @

Where u is the displacement, p is the density of the solid andu is the particle
acceleration.

The element matrix equation of motion is derived from equation (1) with the area
discretization after conduct virtual displacement energy minimization method.

MU+KU=F @)
WhereM is global mass matrix, and K is stiffness matrix, F is the force vector
load vector, u is node displacement vector.

2.2. Acoustic Emission Wave Propagation in Plate Structure with Homogeneous
Material

The transit displacement of a point in plate structure is the diffusion spread of the
energy in the form of wave. The Figure 1, Figure 2 are the three dimensional elastic
wave propagation process from fluctuations of displacement amplitude.

Figure 1. Wave Fluctuations of 3D-Plate
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Figure 2. Central Symmetric 3D Elastic Wave

The plate material is GGrl5 steel with specific parameters: density
o =7810kg /m®, Modulus of elasticity E =206GPa, Poisson's ratio nuxy = 0.3,
the vertical section length of the plate is 20 mm with the width of 8mm. The wave
velocity in the steel materials GGr15 is v=5893m/s. The forces were applied with a
“cosine bell” ,time dependence f (t) given by:
0(t<0)

f(t) =1 (05-0.5cos(") (0 <t <7) 3)
T
1(t>0)
Where 7=1.5us is the source rise time. Computing space step is 0.06mm, time

step is SNS.The basic propagation of acoustic emission elastic wave can be seen from
the fluctuations displacement contours. The chart wave color reflects the displacement
value change as following: the red one is the maximum displacement value, the blue
one is the minimum displacement value.
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Figure 3. The Displacement Contour at Different Time
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It can be seem from the displacement contour at 1.0 xS in Figure.3, acoustic emission

elastic wave is divided into longitudinal wave and shear wave, the longitudinal wave
and shear wave propagate from the wave source to the boundaries. The two kinds of
wave velocity are obviously different, the longitudinal wave velocity is more fast than
shear wave, but the amplitude of the shear wave is relative large. It also can be seem
from the displacement contour at 1.2 s -2.0 s that elastic wave becomes more

complicated after boundary reflection and wave coupling, making it difficult to
distinguish between longitudinal and shear waves. The Figure.4 is the displacement
waveform at different special position points (as show in Figure 4(a)) as time change,
which reflects the displacement change by the effect of the wave source.
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Figure 4. The Displacement Waveform at Different Points

3. Acoustic Emission Wave Propagation in Plate Structure with
Different Material

The plate structure with material of steel 45 and GCrl5 are used to conduct
comparative analysis of the acoustic emission propagation characteristics in the plate.
The material specific parameters of the steel 45, the specific parameters density
p =7.85x10"kg / mm®, Elastic Modulus E =206GPa, Poisson's ratio o =0.28.
Figure.6 and Figure.7 are the displacement contours from the plane of steel GCr15 and
steel 45 at the time 2.0 S, Figure. 8 is the displacement waveform at the same special
position points as time change, we can see the elastic wave propagation in the plane of
steel 45 lagged behind the plate of steel GCr15.

Figure 6. Displacement Contour of Gerl5 at Time 2.0 4S
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Figure 8. The Displacement Waveform with Different Material

The acoustic emission propagation in no crack and crack plate are shown in Figure 9
and Figure 10, we can see the elastic wave propagation in the plane with cracks
becomes more complicated. Thanks to the interaction of the crack face, the elastic wave
propagation occurs obvious emission and diffraction, especially the influence of
diffraction lead to waveform presents the state of dispersion and it is obvious at time
2.0 uS . Figure 11 is the displacement waveform at the same position with cracks and no

cracks plate.
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(a) Displacement Contour in the No Crack Plate (b) Displacement Contour in the Crack
Plate

Figure 9. Displacement Contour Comparison at Time 1.0 xS

(a) Displacement Contour in the No Crack Plate (B) Displacement Contour in the Crack
Plate

Figure 10. Displacement Contour Comparison at Time 2.0 uS
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Figure 11. The Displacement Waveform at the Same Position with Cracks
and No Cracks Plate

4. Acoustic Emission Propagation in Plate Structure with Multilayer
Medium

In calculation process of the acoustic emission propagation in plate structure with
multimedia layers, the conditions should be considered the following two keys. Firstly,
the material parameters of the common node on the interface are set as the average of
the two materials. Secondly, the continuity of the interface of two materials must be
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considered when mesh the model. The global mass matrix and the stiffness matrix can
be obtained from the basis of the material parameters, the whole finite element equation
is established, and the central difference method in time-domain is selected to solve
specific problems . In general case, the space and time step length should be satisfied as
the following conditions:

C At<Ah/C (4)

Where Atis the time step, Ah is space step, C,,, is the material maximum

longitudinal wave velocity.

In this paper, the plate with two layers of aluminum and steel is selected to be the
object of elastic waves propagation characteristics simulation analysis. The thickness of
the aluminum plate is 500 zzm, the general thickness of steel 45 is 2mm, a long section
of 15mmand width of 2.5 mm. In the finite element model, the material specific
parameters of the aluminum layer are set as following: density
p=2.7x10"°kg/mm®, Elastic Modulus E=70GPa, Poisson's ratioc o =0.34.
The coated steel plate is steel 45, the specific parameters density

p =7.85x10"°kg / mm?®, Elastic Modulus E =206GPa, Poisson's ratio o =0.28.

max

Figure 12. Displacement Contour of Aluminum at 0.8 uS
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Figure 13. Displacement Contour of Multilayer Medium at 0.8 uS
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Figure 14. The Displacement Waveform of Aluminum and Plate with
Aluminum and Steel Layers

Figure 12 is displacement contour in plate with aluminum at time 0.8 xS and

Figure. 13 is displacement contour in plate with aluminum and steel layers at time 0.8
S .Acoustic emission elastic wave propagation in plate with aluminum is similar to

plates with steel GCr15 or 45. However, it is different from the plate with aluminum
and steel layers, the elastic wave propagation appears the phenomenon of refraction and
diffraction due to the interference of the media interface, then only a small amount of
wave can spread into the steel layer which can be seen from the Figure 13. Figure 14 is
the displacement waveform in plate with aluminum and plate with aluminum and steel
layers, we can see the displacement waveform in plate with aluminum and steel layers
is not smooth due to the refraction and diffraction interference of the media interface,
accompanying with instability and scattering phenomenon.
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5. Comparison of the Simulation and Experimental Verification

Four sound source nodes are selected to conduct simulation analysis and
experimental verification. The positions of the sound source are shown in the Figure.15,
accompanying with the displacement contour from four sources at time 0.1 S .

(a) The First Sound Source (b) The Second Sound Source
(c) The Third Sound Source (d) The Fourth Sound Source
Figure 15. The Positions of the Sound Source with Displacement Contour
at Time 0.1 us
(a) The First Sound Source (b) The Second Sound Source
(C) The Third Sound Source (D) The Fourth Sound Source

Figure 16. Displacement Contour from Four Source at Time 2.0 uS
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Figure 16 is the displacement contour from four sources at time 2.0 uS. Because of
the phenomena of refraction, diffraction and dispersion affect by the boundary of plate,
the propagation characteristics vary widely at different positions at the same time.

The mechanical pencil broken experiment platform contains SAEU2S acoustic
emission acquisition system is shown in Figure.17.

\ [ — =

Acoustic emission

N A / sensors
Test software
Workpiece

Acquisition $¥

Figure 17. Mechanical Pencil Lead Fracture Experiment

By comparing the collected acoustic signals from pencil broken experiment and
simulation at the same position find that similarities between the two is very
high ,which verified the accuracy and reasonableness of using acoustic emission signal
simulation to study the propagation characteristics.

Figures.18 is the displacement waveform in plate from four sound source by
simulation and experiment.
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Simulation Waveform Experimental Waveform

(b) The Displacement Waveform from the Second Sound Source Simulation and
Experiment
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Figure 18. The Displacement Waveform from the Four Sound Source by
Simulation and Experiment

By comparing the received waveform from four different sound sources at the same
time, we can see the acoustic emission propagation from four different sound source
becomes very complicated after attenuating. The propagation characteristics of the
sound source 1,2,3 are similar, significantly different from the propagation
characteristics of 4th sound source, the reason is the elastic wave from sound source
1,2,3 are plane wave propagation in the boundary with more pronounced refraction and
reflection phenomenon.

6. Conclusion

In this paper, the finite element method is applied to study the propagation
characteristics of acoustic emission elastic wave in structure with various materials and
multilayer medium. In the plate structure with various materials, the wvelocity of
longitudinal wave is faster than shear wave, but the amplitude of shear wave is relative
large. The propagation of acoustic emission elastic wave occurs obvious emission and
diffraction when it reaches the crack face and the boundary of the plate, the influence of
diffraction also lead to dispersion of waveform. The presence of coating metal dielectric
interface will direct affect the propagation of acoustic emission elastic waves. The
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phenomenon of refraction and diffraction will appear due to the interference of the
media interface, and only a small amount of wave spread into the other layer. Finally
the accuracy and reasonableness of the simulation of elastic wave propagation in plate
structure is verified by the pencil broken experiment of four different sound source
positions.
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