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ABSTRACT

During in-situ monitoring, structures are exposedidad changes which may mask the
damage-induced signal or produced false alarm umlesmpensation is performed.
Studies on guided wave propagation due to symmktdad have been done by previous
researchers, so this research is concentrated gmasetrical load applied to infinite,
thin aluminium plate with thickness of 1mm usin@d\ls done in two-dimensional mesh.
There is no analytical solution for loaded plate dispersion curve provided by semi-
analytical finite element (SAFE) method is usedviatfication purpose. Excitation force
is set to 100kHz due to effects of load only oamlrat low frequency region. Wave
propagation’s speed is increased with increasesti@in values applied on plate under
extensional because stiffness of plate also ineedmit this condition didn’t work for
plate under bending. Results of Abaqus in space-tlmmain able to provide obvious
difference between various load applied on plat¢ bat 2D FFT curves. Center
frequency of excitation force cannot set lower Wwhgcthe limitation of this finite element
method.

Keywords: Guided wave propagation, loaded plate, symmetraasymmetrical, wave's
velocity

1.0 INTRODUCTION

Guided wave structure health monitoring is a camagwe to its difficulty to abstract
accurate and reliable response from the complexabigf real structure with complex
geometry and boundary conditions. The signal induedamage can be smaller than the
original signal which doubles the difficulty to dithe signals. During in-situ monitoring,
structures are exposed to load variety which aeveoidable. Besides, load changes may
mask the damage-induced signal or produced falaemalunless compensation is
performed. Hence, effects of load on guided wawpggation have become the concern
in this research [1, 2]. Effects of load only aims at low frequency region and
negligible at high frequency region [3]. Besiddgefs of load only obvious &; mode

means its effects on others’ modes can be negl§gfed

There is no analytical solution for studying théhdn@ors of wave propagations on
loaded plate. Therefore, in this research, finie@nent method will be used to study the
behaviors of guided wave propagations for loadatepl

The objective of this research is to study, disarss analyze the behaviors of guided
wave propagation under uni-axial load and bendorglitions. The second objective is to
test for the limitations of this finite element et on study of effects of load on plate.
This research studies the effects of (symmetrindl @symmetrical) load on infinite, thin
aluminium plate with thickness of 1mm using Abagsisnulation done in two-
dimensional mesh. Thin piezoelectric transducapjdied in this research.
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Several researches on effects of load to rod, mateil have been done by earlier
researchers which only concentrated on axial lokd.this research, effects of
asymmetrical load to guided wave propagation oteplehich is the significant of our
study since the load applied to structure is asytmoi@ practical application.

2.0 VERIFICATION OF FINITE ELEMENT METHOD

Since there is no analytical solution for loadeate| dispersion curve provided by SAFE
method [4] used to verify procedures in this firllement method. Dispersion curve of
wavenumber versus frequency provided by SAFE mefpdising Matlab software is
overlaped with 2D FFT curve obtained from Abaqu& (fethod) for plate under
extensional with 0.1% strain (7e7 Pa). It showrt t@th curves are intersect perfectly
and hence verified the procedures in this finiesrednt method using Abaqus. The finite
element analysis will be continued for plate uraksymmetrical load.
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Figure 1 : Overlaping of dispersion curve provitydSAFE method [3] and
Abaqus software (straight line representede from SAFE)

3.0 FINITEELEMENT METHOD

Finite element method is done using Abaqus. Howeesult obtained from Abaqus is in
space-time domain, cannot be directly to overlaph WBAFE solution which is in
frequency domain for verification purpose. It ragdi two dimensional Fast Fourier
Transform (2D FFT) to convert it into frequency dom There are several dispersion
curves in literature review such as phase veldoggrency, group velocity-frequency
and wavenumber-frequency domain. However, waventifinbguency dispersion curve
is the easiest dispersion curve to extract fromgdlsaspace-time domain curve. After the
verification of procedures for finite element medhsimulations in Abaqus continued for
loaded plate in order to study the guided wave @gagon in loaded plate. The modeling
of loaded plate in Abaqus are shown in Figure RBitire 6. The length of plate modeling
under extensional is 250 mm and under bending & tn. The monitored points
interval,eis Imm with 101 monitored points from distancen®stn monitored point and
excitation forced=50 mm to 150 mm. The excitation force set at 100kEcause effects
of load only obvious at low frequency region [3jl@.A4 , mode is excited due to effects

of load on others’ mode are negligible [3]. Firelement analysis of loaded plate consists
of static step and explicit step. After simulatioh static step, all data measured are
exported to explicit step.
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Figure 2: Plate under extensional in Static stejp wniform pressure pulling outward.
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Figure 3: Plate under extensional in Explicit stefhn Antisymmetrical 4; mode as
excitation force

Two different bending patterns are tested in tesearch if the pattern differences

would cause any differences in the wave propagatioplate as shown in Figure 4 and
Figure 5.
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Figure 4: Plate under bending in Static step wiynzetrical pressure applied.
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Figure 5: Plate under bending in Static step wsiynaetrical pressure applied.
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Figure 6: Plate under bending in Explicit step wAilitisymmetrical mode,
Ay as excitation force Lim

4.0 RESULTSAND DISCUSSIONS

Results obtained directly from Abaqus is in spacetdomain as shown in Figure 7
to Figure 9. Figure 7 provided zoom views at onehef peak of U1 amplitude in time
domain for plate under unload and extensional. dllizng of wave is very smooth and in
order. Wave propagation’s speed increases witinstedues applied on plate. The 0.1%
strain line (7e7 Pa) always leading all the otheed due to its highest strain value,
followed by 0.08% strain (56e6 Pa) line, 0.06%ist(d2e6 Pa) line, 0.04% strain (28e6
Pa) line, 0.01% strain line (7e6 Pa) and 0% stiae(unload). Figure 8 shown that wave
propagation’s speed didn’t increase with strairuealfor plate under bending (pattern in
Figure 4) with pressure values of 1e3 Pa (0.0008%il4train), 1e4 Pa (0.0000143%

strain), 91e4 Pa (0.0013% strain), 98e4 Pa (0.004#&n) and 1.08e6 Pa (0.00154%
strain).

amplitude

Figure 7: Zoom views of Ul peaks amplitude in tideoenain for plate under no load and
plate under extensional with various strain vaked=50mm
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Figure 8: Zoom views of U1 peaks amplitude in tideenain for plate under bending
(pattern in Figure 4) with various strain valuesiabOmm
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Figure 9: Zoom views of Ul peaks amplitude in tideenain for plate under bending
(pattern in Figure 5) with various strain valuesiabOmm

Figure 9 shown that wave propagation’s speed didicitease with strain values for
plate under bending (pattern in Figure 5) with pues values of 42.7 kPa (0.000061%
strain), 64.4 kPa(0.000092% strain) and 85.428 {@R@00122% strain). Plate under
bending initially contains stress all along thet@land hence caused the signals to have
some noise for certain strain.

Results obtained from Abaqus in space-time domapored to Matlab for 2D FFT
which transform data to dispersion curve in waveperrirequency domain. Dispersion
curves for plate under extensional and bending watiious strain values are similar with
each other as shown in Figure 10 and Figure 11. difference between dispersion
curves for these strain values are not obvious tduexcitation frequency is not low
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enough as compare to theory. And, FE excitationefdrequency cannot be set lower
anymore due to the limitation of this finite elerherethod.
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Figure 10: Amode Dispersion curve of wavenumbdf,/k) versus Frequency, f (Hz) for
plate under extensional with 0.1% strain (7e7 Pa)
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Figure 11: Amode Dispersion curve of wavenumbéd,/ikn) versus Frequency, f (Hz) for
plate under bending (a) pattern in Figure 4 with8&6 Pa (0.00154% strain) and (b)
pattern in Fgure 5 with 85.428k Pa (0.000122% ms)rai

5.0 CONCLUSIONS

Wave propagation’s speed is increased with inceea$estrain values for plate under
extensional. It is because stiffness of the plateciased during strain applied on plate is
increased uniformly, and hence increase the wavepagation’s speed. Wave
propagation’s speed didn’t increased with increaskestrain values for plate under
bending. Due to theoretical dispersion curves,cedfef load on wave propagation only
can observed in low frequency region [4]. Hencet@efrequency of excitation force is
set at 100kHz in order to observe the load effenteave propagation. Results of Abaqus
in space-time domain able to provide obvious diffiee for various strain values.
However, 2D FFT curves unable to provide differend@enter frequency of excitation
force lower than 100kHz cannot be used due tolartalprovide any information about
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the analysis. Hence, this is the limitation of tliiigsite element method. For future
research, this finite element procedures coulddmgirtued for 3D simple model such as
loaded rod and loaded plate. The analysis for ldadd could be used to compare with
analytical solution of beam model. The analysislé@ded plate could be continued for
3D plate under torsion.

ACKNOWLEDGEMENTS

The author, CLY would like to express his sincelaggpreciation to his supervisor, Dr
Zair Asrar bin Ahmad for the guidance and supptirtsughout the whole research and
thesis writing.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

REFERENCES

Sang Jun Lee, Navneet Gandhi, Jennifer E.higlts and Thomas E.Michaels,
Comparison of the effects of applied loads and tratpre variations on guided
wave propagation, School of Electrical and Compufsgineering, Georgia
Institute of Technology

Jennifer E. Michaels, Sang Jun Lee and ThomaMlichaels, Impacts of applied
loads on guided wave structural health monitorigghool of Electrical &
Computer Engineering, Georgia Institute of Techgplo

Feng Chen, Paul Wilcox, The effects of loadguided wave propagation, Ultrasonic
47 (2007) 111-122

Zair Asrar bin Ahmad, Numerical Simulation§ Lamb Waves in Plates Using a
Semi-Analytical Finite Element Method, VDI Verlaz)11

Institute of Electrical and Electronics Engars, “The IEEE standard dictionary of
electrical and electronics terms”; 6th ed. New YadxkY., Institute of Electrical
and Electronics Engineers, ¢1997. IEEE Std 100-1BHIN 1-55937-833-fed.
Standards Coordinating Committee 10, Terms andnidefns; Jane Radatz, (chair)]

A. Labuschagne, N.F.J. van Rensburg, A.&. dar Merwe, Comparison of linear
beam theories, Mathematical and Computer Modell4® (2009) 20_30,
ScienceDirect, 2008.

Seon M. Han, Haym Benaroya aimothy Wei, Dyreamof Transversely Vibrating
Beams using four Engineering Theories, final versiacademic Press, retrieved
2007-04-15

Taylor.Classical MechanicsUniversity Science Books. p. 693BN 189138922X
R. A. Serway, C. J. Moses and C. A. Moyer (198®dern PhysicsPhiladelphia:
Saunders. p. 118.

Philip W. Loveday, Semi-analytical finite ehent analysis of elastic waveguides
subjected to axial loads, Ultrasonic 49 (2009) 308; 2008.

100



Jurnal Mekanikal June 2013

[10] Philip W. Loveday, Analysis of Piezoelecttiitrasonic Transducers Attached to
Waveguides Using Waveguide Finite Elements, IEEBdactions on Ultrasonics,
Ferroelectrics and frequency control, vol. 54, M@, October 2007

[11] David N. Alleyne, Peter Cawley, A 2-DimensanTransform Method for the
Quantitative Measurement of Lamb Modes, 1990 Ulina&ssSymposium IEEE.

[12] Philip W. Loveday, Simulation of Piezoelectitxcitation of Guided wave Using
Waveguide Finite Elements, IEEE transactions omastinics, Ferroelectrics and

frequency control, vol. 55, No. 9, September 2008

101



