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Frequency band gap for Rayleigh waves on coated substrates

Nico F. Declercqa) and Joris Degrieck
Soete Laboratory, Department of Mechanical Construction and Production, Ghent University,
Sint Pietersnieuwstraat 41, 9000 Gent, Belgium

Oswald Leroy
Interdisciplinary Research Center, Katholieke Universiteit Leuven Campus Kortrijk, E. Sabbelaan 53,
8500 Kortrijk, Belgium

(Received 3 February 2004; accepted 7 May 2004

The Rayleigh wave velocity for a coated substrate must have a value in between the ones for the
substrate material and the coating material. Nevertheless, Adler and McCgthappl. Phys.49,

2576 (1978] have performed measurements, based on the Schoch effect, on a stainless steel
substrate covered with an aluminum oxide coating that contradict this phenomenon. The current
letter describes the frequency band gap effect for Rayleigh waves on coated substrates and explains
how this phenomenon is related to the cited measurements. The existence of such a gap can be very
important for the development of frequency filters. 04 American Institute of Physics
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Coatings are very common in materials technolbgy. one shear and one longitudinal transmitted wave. The wave
Rayleigh waves are often used in nondestructive testing andectors of each of the waves are determined by the law of
in electronic devices. They are also important in seismologySneII—Descartéé12 and by the dispersion relation for plane
In the past they have frequently been used as a means wavess ! The amplitude attributed to each wave is found by
characterize coatings on substra{reﬁNhen bounded beams considering continuity of the normal stress vector and nor-
are incident from water onto a coated surface at the “submal displacement on the water—solid interface and continuity
strate Rayleigh angle,” the Schoch phenomenon appears affl the normal stress vector and total displacement on the
its characteristics are determined by the properties of th&olid—solid interfacé? In our calculations and in the figures
coating®™ Because a Rayleigh wave on a coated substrate i1at are given in the following, the Cartesian axeandy are
influenced by both the coating and the substrate, it is clea¢Sed withz pointing from the incidence media to solid me-
that the characteristics of this Rayleigh wave must be situdia, whereascis parallel to the interface. The=0 position
ated in between the ones of such waves on homogeneoG8'"esponds to the coating—substrate interface. _
solids consisting of pure substrate material or consisting of "€ Physical properties of the considered materials are
pure coating material. Therefore one expects a RayleigH!Ven in Table I. Just as in Ref. 5 we have considered a

wave velocity bounded by the Rayleigh wave velocities Oncoating thickness of 0.24 mm. In Fig. 1 the reflected “homo-

the pure solids. It is believed that the Rayleigh wave velocityde"€0US plane wave” amplitude and phase are plotted as a
can be found by measuring the angle at which the Schoc nction of t_he angle_of |nc_|dence for 1 MHZ' It is noticed
effect occurs when a bounded sound beam is reflected from 3ot for a given conflg.uratlon, a phaseoshlftmfocpurs at
solid in wate~’ Adler and McCatherhfound a combination 1€ Rayleigh angLe. This angle is 30.33° for aostalnless steel
of coating (Al,03) and substratéstainless steglfor which half space, 15.52° for a AD; half space, 28.15° for a A0s

. : . coating on stainless steel substrate, and 17.18° for a stainless
the Schoch effect corresponds with a Rayleigh wave velocméteel coating on a AD; substrate. Hence nothing extraordi-

that is lower than the one on any of the composed material%ary happens because the Rayleigh angiesl hence their
This is so surprising _tha_t an explanatlt_)n has never beeOelocities) for the coated substrates are situated in between
found. In what follows it will be seen that if the properties of , "ot the uncoated substrates. However. in Fig. 2 the
the' cloatmg anld;he sub;trate fdlffer too mlaetg., A%Q3hon reflected amplitude and phase are plotted for g0Alcoated
stainless stegl there exists a frequency gap '? which Ray- giainless steel substrate not only as a function of the angle of
leigh waves cannot exist in the composite systéthe cited  incigence, but also as a function of the frequency. It is no-
experiments correspond to such a gap and therefore Whitbey that in between 1.57 and 23.23 MHz no phase shift of

f:a_lu;,es the Schoch phenomenon in Ref. 5 cannot be a Ray- qceyrs. Therefore Rayleigh waves are not stimulated in
eigh wave.

The interaction of sound with the system of isotropic
layers has been simulated by a linear combination of all pos-
sible plane wave solutions in the coating, i.e., for each type

TABLE I. Physical properties of used materials.

of wave(shear and longitudinglve have one upward propa- Density Longitudinal wave SCE?JC‘;tvae

gating shear wave and one downward propagating shear (kg/md) velocity (m/9) (m/9)

wave. For the incidence mediaaten there is only one in-

cident wave and one reflected wave, for the substrate there €' 1000 1480
Stainless steel 8090 5610 3180
Al,O, 4000 10 460 6010
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FIG. 4. Particle displacemeiltt) profile at 1.49 MHz and incidence angle
27.78°. Solid line:ju,, dotted line|u,. Although disturbed by the coating

(0<x<-0.24 mm, a typical Rayleigh wave pattern is visible in the sub-
strate(x>0). The amplitude is also fairly high.

that region. This “forbidden” region is therefore a frequency
“gap.” The gap exists because the physical properties of
stainless steel and /D5 differ too much. For certain fre-
guencies the coating does not just disturb the Rayleigh wave
on the substrate, but simply destroys it. In Fig. 3 it can be
seen, by means of the example of a brass coating on stainless
steel, that no gap appears if the coating and substrate are
more alike. Figure 4 shows the particle displacement pattern,
for the Al,O3 coating on stainless steel, at the Rayleigh angle
outside the gap(the Rayleigh wave pattern is visihle
whereas Fig. 5 shows the pattern inside the gap, exactly at
the angle where in Ref. 5 the Schoch effect was observed. It
is seen that there is no Rayleigh wave pattern present in Fig.
5. It is also interesting to remark in Figs. 2 and 3 that the

FIG. 2. Reflected amplitudgop) and reflected phagéottom) for 0.24 mm
Al,O5 coating on stainless steel as a function of the angle of incidence and
on the frequency. It is seen that there is a gap between 1.57 and 23.23 MH~»

where Rayleigh waves cannot exist.
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FIG. 3. Reflected amplitudgop) and reflected phagéottom) for 0.24 mm

FIG. 5. Particle displacemeft) profile at 2 MHz and incidence angle 35°.
Solid line: |u,|, dotted line|u,|. This corresponds to the situation of Ref. 5.
Because the frequency is part of the gap, no Rayleigh wave pattern is
brass coating on stainless steel as a function of the angle of incidence and eisible. Also the amplitude in the substrate is very small if compared with
the frequency. There is no frequency gap visible.

Fig. 4.
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