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For an infinite. elastic plate immersed in a fluid :1an innoniried by 3 plane
new, the exact expression for the transmission coefficient, '1‘, in of a comp] i‘
acted Form and yields little direct insight into the physical reasons for the
highly varied tmnsmittivity curves which are met. Home inaiRM h“ her‘n finincd
by connidemtion of modes. The incident radiation can excite inmh modes in the
plate. and for steel in water Fig. 1 illustrates dispersion curves for the first,
few antisymmetric and symetric modes. The ordinate is presentnd as modal plume
velocity c normalized to the shear velocity c . and it is also shown as a scale
of incidence enxle O . ‘i'he abscissa is the fgequonoy thickness product rd, or
alternatively the naturalised plate thickness d/A . where A is the shear unva-
length. [ussage along a vertical line in Pig. tenor-responfiu to veryinr: the
angle of incidence for fixed norm’llizsd plntc thickness, and at an intnrssction
with a model branch. i.e. at a "coincidence" anele,the mode is excited nml the
tnnsmittivlty is mostly total. Similnrly, pnsoase alone a horizontal line on
Fig. 1 corresponds to a‘ fixed amtle of incidence and fixed nhnolute nlrltr thick-
ness and varying Frequency. and it is nznin at intersections uith mmlnl Mannhen
that total transmission may he obtained.

It
A recent theory by Fioritc.Madimosky and U'hcrall (mu) [1] has nxtsnrled the in-
sight into the effect of modes on the transmittivity. Dy truncated Taylor:
serien expansion of '1‘ about intersections with modal hrnnchrs, with either sin
0 or fd as the varinhle. FMU obtnin an approximate expression for thn transmis-
s on coefficient, ‘1‘Phi . in the form of a num of two series. one for antisymmet-
ric and one for symmetric modes. This can be visualised as the our» of contribu-
tions from all Lamh moons encountered by passage along eithnr a vertionl or a
horizontal line on a dispersion diagram such as Fig. 1. I-kloh term of either
series represents a resonance curve which is accurate in the vicinity of its re-
sonance position but becomes increasingly less occumte with departure from rc-
sonance. There is a phase difference oft! between ccrrespondim: points on reno-
nsnce curves of "antisymmetric type" and "symmetric type", and the 5 (l5 width of
much curve is 3 function or each movie and varies alone the modal lam . In cash
of several instances. with N as the variable in some cusps and R in others,
FMU show a comparison of the exact tronsmlttivity mmmilude curve with the cor-
responding set of resonance curves. “our the resonance peaks the nnrepmcnt is
very good. Although some curves are presented in net. 1 nhowiny: that there can
he overlap of resonance curves at significant levels. F-‘li do not lvrssnnt comm'
risons or 'I‘ and T J in the o'mrlnp regions. However they do Fxr‘lnl." the Torn-n-
tion of trunsmlcsmn nulls hy such overlap, and t‘ariigonlly n-Id Ficrito (Izlt') set.
out to illustrate this in lit-f. 2. lint L'F do not tat, account of the true nature
of the phase variations of such resonanc" contribution. and the schematic illus-
trations in their Figs. 5 and fl contnin significant errors. This lack of quan-
titative testing of the overlnppivu: resonances concept away from the vicinity of
resonance points and the potential usefulness ofthe ooncnrt in oxnlninin" some
hitherto unexplained effects have led the nnthor to the present study.
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THE momma CURVES

The resonance curve of PM" theory portraying the contribution T to T u of the

mth antisymmetric mode is shown in Fig. 2. the value of the phage iniyegrees.

being marked at a number of points. For sylmne'tric mode the curve is the same,

but the phase values are increased by 180 . 'l'he abscissa h represents the dis-

placement from the resonance position in units of the half Width between 5 dB

points. To calculate ‘I' the basic information needed is the pos tion of each

resonance peak (on a sea e of sin 8‘. or of rd) 'and the associated value of KM.

TRANSMIQION NULL FORMATION DUB T0 TKO AND TO THREE LAMB MODES

For steel in water. resonance curves have'been constructed for the two relevant

modes of a 0.45 A thick plate (Fig. 3(a)). The resultant IT I is compared in

Fig. 302) with the exact transmittivity curve, ITI . The approx mate curve has

indeed the general characteristics of the exact curve and includes a transmis-

sion null. The latter is slightly displaced from that in l'i‘l . and this is

largely caused by the inaccuracy of the individual resomnce curves away from

their peaks. A comparison of the phases of T and T in Fig. 5(a) also pro-

vides convincing support for the correctness El“ the ovsrlapping resonances con-

cept, apart from near grazing incidence. The PM“ theory assumes that p orcos 0d

g p cdeos 9 . shore f and p are densities of fluid and plate, and 0 is the

reflzacted angle for dflatioan saves in the plate; thus the theory does not ap-

ply near grazing incidence. for there cos 8 a! O. A similar construction for a

steel plate in tater or thickness 0.6 As, for Ihich the A , So and A modes are

relevant. Ilhile yielding good agreement near the resomncg peaks. fails to re-

produce the two transmission nulls exhibited by the exact curve of T.

THANSMISSIOH BEHAVIOUR AT CLOSELY SPACED MODE;

For nlate thicknesses greater than about i the coincidence angles for the A

nnd 5 modes approach close together and the transnittivity in the region of the

tee cgincidcnce angles is no longer unity but drops to small values with increase

of d/AE. The overlapping reson'lnces concept accounts for this behaviour, as is

illustrated in Fig. 4 for a steel plate in water when MA I: 2.5. Fig. 42a;

shows the resonance curves for the A and S modes. whileaFins. nib) and c

compare the magnitude and phase. respective y, of '1‘ I] and T. In the calculation

of T , the contribution of modes other than A . S and A1 have been neglected.

The gansrnl type ofbehaviour yielded by the ap to: nation is in good accord with

that given by the exact solution.

In the limit of large d/A . when the plate becomes a half space. the resonance

widths of modes other than of care order become vanishingly small and these

modes make no contribution to the tmnnmittivity. The A and So resonance

curves then superpose and exactly cancel each other out go that their resultant

is zero at all incidence angles.

SYi'ii-‘UH‘HICAL Ail'D Alfl'ISYhii'vl-II‘IIICAL BOUNDARY BEHAVIOUR

Calculations of the antisymmetrical and symmetrical boundary normal displace-

ments for 0.55 A [3] and 2.5 A5 [4) thick steel plates in eater shes thet.amrt

from the A and §o modes for the thicker plate, the normal boundary mot ion at the

coincidence angles. although predominantly antisymmetrical or symmetrical. as
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appropriate. also contains a omail proportion of the opposite type ofmotion. At
the coincidence angles of the A and S modes of the 2."; x“ thick plate almont
equal proportions of both types of mothn are present. 'l'hise observations are in
nccord with what would be expected from the overlnnping resonant-ma concept [4) .
the behaviour for the zero order modes of the thick plate beinr'; explainml by the
near-overlaying of the resonance curves illustrated in Fin. 4(a). 'l'his near-cu-
yer-position of the A and S resonance curves corrnsnonds to there helm: virtual-
ly nomotion of the gar plnee boundary, and this must persist with increase of
plate thickness right to the half specs limit.

on THE comm 0F (Incruhfl

The, overlapping resonances concept imnlles th-lt some fractional excitation of a

Lamb mode can occur at other angles than the coincidence nnnle. Thus the concept
that below (Id) v (where the flexural wave velocity is subsonic). the A node
does not contrififite to the transmittivity has to be revised. Magnitude ang phase.

transmittivity curves forsteel plates in water for d/A values as low as0.001,
(corresponding approximately to 1/80 (fil) u), have shgwn eviricnce oi' interfer-
ence effects due to the presence of the Acrmode. This is so despite the fact
that at subsonic velocities the Ao mode hgcomes hi/zhly damped.
  

‘COl.1PLP.'i"rliii‘$ OF ll’kiii SOLUTION

When c < es. s horizontal line on a diagram: nuch as Fig. i encounters only one
modal branch. As the EMU treatment depends on Taylor series: exmvminnn 1hout re-
sonance points. no solution in yielded for the antisymmetric or nymmetric modes.
respectively, when no resonance of the. given type is encountered. So, beyond the

second critical swirls the Ft“! solution is only partial. This probably accounts
for the. FMU conclusion that at the half space limit only one of the zero order

modest survives. whereas it is concluded here that both survive.

GONCIJIS 10H!)

The overlapping resonances concept is zenr-mlly consonant with tr'lnshnitti'lity
behaviour yielded by cxnot theory and I‘itn in with iJriv'IVi'le both at the hi-th “ml

at the Ion limits of nlnte irhiclincsw Limiinlimm which h-uvr lmen vlmw "trait-2i

nrv: Uni. the. t‘i-iU Lin-cry done not 11ml ncnr .w‘nzing incidm-I-o nnzl i.h'\t at fixed

incidence angles beyond the cccond critical 7m le it yieldn only .1 mrtiul solu-

tion.
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Fig. 1. Disparaan curves for Fig. 2. ‘l‘nnsmlttlvlty resonance

steel plate in water. curve {or an_anuaymmetrlo mode.
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Fig. 5. hannmttllvlty of steel Fig. 4. Tmnsmfltlvlty of steel

plate in water. a - 0.45 As. plate Ln water. d - 2.5 As.
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