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SCATTERING BY A SEMI-INFINITE ELASTIC PLATE IMMERSED IN WATER 

M. ECH-CHERIF EL-KETTANI, l? PAREIGE and E LUPPE 
Laboratoire ditlcoushpe Ultrasonore et d'Electronique, LA.U.E,U.RA. C.N.R.S. 1373, Place 
R. Schuman, F-76610 Le Havre, France 

Abstract L We present an experimental study of the acoustic scattering 
by a semi-infinite plate embedded in water, using short pulse signals. 
The damping coefficient of Lamb modes and their retroreflection 
coefficient at the extremity of the plate are investigated. The results 
are presented for four different Lamb modes. We show that the modes with 
a stronger "transversal" character have a higher retroreflection 
coefficient. 

1. Introduction 
When an incident short pulse in water strikes a plate at a given incidence angle 
8, different Lamb modes are excited. As they propagate along the plate, they 
radiate energy back in water, under the same angle 8 .  There is no possibility 
for mode conversions between different Lamb modes when the plate is an infinite 
one, unless there exists a discontinuity on its surface. In that case, different 
modes m y  be generated when a given one encounters the discontinuity Cll. When a 
given Lamb mode, generated at a given 8 and a given frequency f, reaches the 
extremity of a semi-infinite plate in water, different phenomena may occur C21 : 
the conversion of this incident Lamb mode into bulk waves radiated in the 
surrounding water, its retroreflection, its conversion into bulk longitudinal 
and shear waves in the plate and into other Lamb modes at the same frequency f. 
These last modes will propagate in the direction opposite to the one of the 
incident Lamb wave, and each one will radiate energy back in water under an 
angle different of 8. A study of the conversion into bulk waves in water is 
presented in 131. We are interested here only in the retroreflection of the 
incident mode. 
The experimental set-up is presented in section 2. The method used for the 
measurement of the damping and the retroreflection coefficients is described in 
section 3, and the results are compared to theoretical ones. 

2. The experimental set-up 

A broadband transducer, of center-frequency 2.25 MHz, insonifies a semi- 
infinite plate of aluminum with short pulses. The plate is embedded in water, 
its end section has right angles, its thickness is 5 mm, For a given incidence 
angle 8, different Lamb modes may be excited in the plate at different 
frequencies included in the frequency bandwidth of the transducer. Each one of 
these modes is excited with its own amplitude A'"'. As a first step, each 
amplitude Ainc is measured on the resonance spectrum obtained from an experiment 
of the Snell-Descartes type (see Fig.1). In the following steps, the experiment 
is conducted with only one transducer (transducer A of Fig$l), acting both as an 
emitter and as a receiver. The acoustic beam of the transducer intersects the 
plate at angle 8, at a distance XI from the extremity of the plate. The signal 
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obtained after reflection at the extremity of the plate is visualized on a 
numerical oscilloscope which performs the calculation of its power spectrum. The 
transducer is then translated in the direction of the 0 XI axis by steps of 1 
cm, so that the evolution of the amplitude of each Lamb mode with the xl 
distance may be studied. This study will provide an approximate value for the 
damping coefficient of each mode, which, in turn, will be used for the 
determination of the retroreflection coefficient of that same mode at the 
extremity of the plate. 

3. Experimental and theoretical results 

We present here the results obtained for four different Lamb modes, generated at 
an incidence angle 8=9'. 

3.1. Modes identification 

A peak obtained in a power spectrum is associated to a given Lamb mode from the 
examination of the Lamb modes dispersion curves of the plate. In some cases, 
however, a peak at a given frequency f and a given angle of excitation 8 may be 
associated to two different Lamb modes. This occurs when two dispersion curves 
are close from each other. For example, at 8=9' and f=0.94 MHz, we may have 
excited the A n  or the S2 mode, After the authors of reference C41, the resonance 
width of the SX mode is greater than the one of the A2 mode. This implies that 
the experimentally excited mode is A%, rather than S 2 .  

3.2. The damping coefficient 

We present a comparison of the experimental and the theoretical values obtained 
for the damping coefficient of the excited Lamb waves. 
3.2.1. Experimental results 
When a Lamb wave is excited with an amplitude Ai"' at a given incidence angle 9 
at a distance xj of the extremity of the plate, it propagates on distance xl and 
radiates energy back in water under angle 0 .  After retroreflection at the plate 
extremity, it propagates once more over the distance XI, still radiating energy 
under angle 8. The amplitude measured by the transducer A of Fig. 1. now acting 
as a receiver is then proportional to : 
(1) A(xI) = Ain" R exp(-2axl), 
where R is the retroreflection coefficient of the mode at the extremity of the 
plate and a its damping coefficient. 
The power spectrum provides : 
(2) ~ O ~ O ~ I ~ C A ( X ~ ) I = ~ O ~ O ~ I ~ I A * " ~  1 + 20 loglo R - 40 a xl/ln 10. 
Fig.2, shows the plots of 20 log CA(x7)I versus XI corresponding to four 
different Lamb modes excited at 8=9". For each mode, a mean straight line is 
drawn through the experimental points, the slope of which providing the value of 
the damping coefficient a. The so-obtained values are reported in the third 
column of the table of Fig. 3. 

3.2.2. Theoretical results 
Let us consider a Lamb wave which propagates on an infinite plate embedded in 
water. Let V be the amplitude of the associated evanescent plane wave in water 
[ 61. At an observation position defined by vector r of coordinates XI, x;., V is 
of the form : 
(3) V (r) = Vo expl -i (at-&. r) I , 
with Kthe complex propagation vector defined as : 
(4 $ = K e  + i K m .  
Assuming that K ' I  and K ' n  are the components of the propagation wave-vector K' 
and K"1 and K"z the ones of the evanescence wave-vector, it is obvious that K"1 
should be identical to the experimentally obtained damping coefficient a. The 
K"1 value has been calculated for us by J. Duclos 151 for the four modes we 
observed experimentally. These values are given in the fourth column of the 
table of Fig.3. One can see from that figure that the experimental values of a 
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can be ordered the same way than the theoretical values of K"1. 

3.3. Eetroreflection coefficient 

Once a is known, the retroreflection coefficient 8 may be found out using 
relation (2), where A*"" is given, for each mode, by the Snell-Descartes 
experience.The values obtained for the four nodes studied are given in ascending 
order in the third column of the table of Fig. 4, For a plate embedded in water, 
it seems reasonable to expect that the modes which have a greater "longitudinal" 
character will radiate more energy in water than those of the "transversal" type 
which will be more reflected at the extremity of the plate. In order to 
quantifiy the "longitudinal" or "transversal" character of a Lamb wave (which 
has an elliptic polarization) inside a plate, we used the same parameter m than 
Viktorov [61 : 

m = T'[Xi dxr / T 2
V 2 dx2 

where TWIMI and TmK:> are the components of the stress tensor associated to the 
incident Lamb wave, so that the value of m with respect to unity is indicative 
of the "longitudinal" or the "transversal" character of the end stress 
(considered as a whole) associated to the Lamb mode. In other words, the 
smaller the m parameter is, the larger the retroreflection coefficient should 
be. This is verified by the results indicated on Fig. 4. 

4. Conclusion 

We have presented an experimental method to obtain an estimation of the 
retroreflection coefficient of Lamb waves at the extremity of a semi-infinite 
plate embedded in water. Far the four modes studied, the values obtained are in 
a good agreement with the assumption that modes of a more "transversal" type 
should be more retroreflected at the extremity of the plate than others. Ve are 
now using this method far a mare exhaustive study of the retroreflection 
coefficient. This same method is also being extended to allow the study of the 
conversion of one incident Lamb mode into other Lamb modes at the extremity of 
the plate, 
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Fig.1: Experimental geometry. The transducer B 
i s  used only for  the Snell-De-rtes experioent. 

Pig.2: Attenuation curves of the lamb 6des studied. 

Fig.3: Theoretical and experimental values of 
the damping coefficient. 
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Fig.4: Values of the experimental retroreflection 
coefficient R and the Viktorov's parameter m 
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