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INTRODUCT LON

For an infinite, elratic plate immersed In a fluld and intonified by a plane
wave, the exaot expresalon for the transmission coefficlent, T, in of a compli-
cated l'orm and ylelds little direct insight into the physieal reasorn for the
highly varied transmittivity curven which are met. fome {neight has bern ralned
by connlderation of modes. The incident radiation can excite Lamb modes fn the
prlate, and for steel in water Fig. 1 illuatrates diepersion curves for the Firnt
few antinymmetric and symmetric modes. The ordinate i{s prescnted am modal phase
veloclty ¢ normalized to the shear veloclty ¢, and 1t 1n alno shown an a acale
of incidence angle 8.. ‘the abecissa is the fsequency thickness nroduct d, or
alternatively the nogmallﬁed plate thickneas A/N , where A ia the shear wave-
length. [Ipnasnge along a vertical line in Fig. 1 corresponds to varying the
angle of incidence for fixed normalized plate thickness, and at an intersection
with a modal branch, i.e. at a "coilncldence” angle,the mode 1a exclted nnd the
tranamittivity ir moatly total. 3imilarly, pnssage alonr a horizontal line on
Pig, 1 corresponds to a* fixed ansle of incidence and fixed absolnte plate thick-
ness and varylng requency, and Il is amin at interseotiona with mndal branches
that total transminaion may be ohtained.

"
A recent theory by Florito, Madigosky and Uberall (Fit0) [1) has erxtended the in-
sight into the effect of moden on the transmittivity. DBy truncated Taylor
sexrfen exransion of T about intersections with modal branches, with either =lin
8. or fd as the varinble, FV¥U obknln an approximate expresnion for the trangmin-
a{on coefficient, TFM y In the form of a num of two serles, one for antinymmet-
ric and one for symmetric madea., 'Thim tan be visuallued as Lhe num of contribu-
tions from all Lamb modea encountered hy passage along either a vertien) or a
horizontrl 1line on a diapersion diagram such as Fig. 1. lach tern of efther
feries representn a resonance cwrve which is accurate in the vicinity of itas ye-.
sonance poaition but becomes increasingly less arcurate with departure fron re-
rsonance. There 18 a phase difference of % bhetwean correnpondin: points on renn-
nance eurven of “antiasymmelric type" and "aymmetrie tvpe”, and the 3 4B width of
each eurve {8 a {unction of each mode and varles along the modal lorus. In each
of aeveral instancea, wilh fd as the variable In some camem and A, in others,
FMU show a comparison of the exnct transmittivity waruilude curve with Lhe cor-
reaponding set of resonance enrven., Henr the resomance peaks the nrreenenl ia
very rood. Althourh mome curves are prenented in fief. 1 rhowing that there can
be overlap of rescnance curvea at rigniCiecant levele, Il do not prearnt compa~
risona of T and T J in the owrrlap regionn, ilowever khey do explnin the Formp-
Lion af trnrlsmlsamn nzlla hy such overlap, amd Kadigonky nad Fiorito {EF) met
out to {1luntrate thia in Fef. 2. Nut LF do not take aceount of the true nature
of the phase variations of rach resnnance contribation, and e achematic t1lua~
trations in their Figo. 5 rmd 1 contaln aimificant errora. This lack of quan-
titative teating of the overlappin: renonances concept away from the vicinity of
refonnngs pointa and the petentlal usefulne=s of the concepl in exrlainine~ anme
hithorto unoxplained cffeets lave led the nnthor to the preseni study.
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THE REJONANCE CUHVES

The renonance curve of MU theory portraylng the coniribution T to T u of the
nth autisymmetric mode is shown in Fig. 2, the value of the ﬂmﬂe 1nFHegreea,
being marked at a number of pointa. For 3 symnetric mode the curve im the same,
but the phase values are incremsed by 180 . The absclssa h repreaenta the dia-
placement from the resonance position in unilbe of the half Width between % dB
points, To caleulate T the basle infermation needed is the position of each
resonance peak (on a scale of sin Bf or of fd) and the associated value of &y

TRANSNISSION HULL FORMATION DUE TO TXQ AND T0 THREE LAMB MODES

For steel in water, rescnance ocurves have been constructed for the two relevant
medes of & 0.45 A thick plate (Fig. 3(a)). The resultant |T,..| 15 compared in
Pig. 3(b) with the exact transmittivity curve, ITl. The approximate curve hae
indeed the general characteristica of the exact curve and includes a transmis-
sion null. The latter is slishtly displaced from that in [T|, ard thie 1a
largely caused by the inaccuracy of the fndividual resomance curves away from
their peaks. A comparison of the phames of T and T in Fig. 3{c} alse pro-
vides convincing support for the correctness ol the overlapping reascnances con-
cept, apart from near grazing Incidence. The FMU theory mesumes that p € cos Gd
*x p,C4008 ﬁr. where p . and p_ are densitiea of fluid and plate, and & {B the
refFafted angle for dflationxl waves 1ln the plate; thus the theory does not ap-
ply near grazing incldence, for there cos B . @ (. A similar construction for a
ateel plate in water of thickness 0.6 A_, for which the &,, So and A, modea are
relevant, while yielding good agreemeni near the reaonnncg peaks, falls to re-
produce the two tranamiseion nulls exhibited by the exact curve of T.

TRANSMISSION BEIAVIOUR AT CLOSELY SPACED NODES

For nlate thicknessea preater than about A_ the colnclidence angles for ths 4

and 5. modes approach close together and the tranamittivity in the region of "the
two cginciﬂence gnzles 18 no longer unity but dropes to amall values with incrense
of 4/Ax_. 'The overlapping resoninces concept accounts for this behaviour, as is
(1lustiated in Fig. 4 for a steel plate in water when 4/A_ = 2.5. Piz. 4 a;
shows the rescnance curves for the A and S modes. while"Fipa. 4(b) and {e
compare the magnitude and phanse, respectively, of T and T. In the calculation
of T L the contribution of modes other than A_, 5. "and A, have been neglected,
The fi~neral type of behaviour ylelded by the approximatlon’'is in good acoord with
that given by the exact solution.

In the 1imit of large d/Aa, when the plate becomes a half apace, the resonance
widths of modes other than of gero order become vanishingly emall and these
modes make ne contribution to the tranomittivity. The A, and So resonance
curves then superpose and exactly cancel each other out go that“their resultant
is zero at all incidence anglen.

SYMMEPRICAL AHD ANPISYRELTRICAL BOUNDARY BEIAVIOUR
Caleunlations of the antisymmetrical and symmetrical boundary normal displare=
ments for 0.55 A_ [3] and 2.5 &_ [4] thick steel nlates in water show that,amrt

from the A, ond modes lor the thicker plate, the normal houndary motion at the
colncidence anglesd, although predominantly ankisymmetrical or symmetrical, ae
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appropriate, also contalns a osmall proportion of the opposite type of motian, At
the coincidence angles of the A, and 5. modem of the 2.5 A, thick plate almont
equal proportions of both type=of motQOn are present. Thrse obrervations are in
accord with what would be expected [rom the owerlarplng reannances concept [4] ,
the behaviour for the zero order modem of the thick plate being explainsd by the
near-overlaying of the resonance curves illustrated in Fig. 4{a), Thim near-su-

perpeaition of the A
ly no motion of the ?ar pln

and S, resonance ¢urves correanonds to there helnsg virtual-
Qe boundary, and this must persist with incrense of

plate thickneas right to the hall epace limit.

ON THE CONCEFT OF (rd}

critieal

The everlapping resonances concept implies that aome fractionnl excitation of a
Lamb mode can occur at other angles than the coincldence ansle. Thu= the econcept

that below (fd)

, (where the flexural wave velocity is mubsonic), the A_ mode

doesa not contrigﬁ*% to the tramamittivity has to be revised. WNagnitude ang phasae
transmittivity curves for ateel plates in mater for d/x_ values as low aa 0,001,

{correasponding approximately to 1/R0 (fa)

crit)' have shown evidence of interfer-

ence effaects due to the presence of the A_ mode, This is so deapite the fact
that at subdonie velotities the A mode hgcomes highly damped.

0

THCOMPLETFNISS OF FU SOLUTION

Fhen ¢ < Cgt B horizontal line on a diagram nuch as Fipg. 1 encountera only ane
modal branch. As the FMU treatment dependa on Taylor series exmanalens about re-
sonance points, no solution im yirlded for the antisymmetric or aymnetric modea,
reapectively, when no resonance of the gilven type 18 encountered. So, bayond the
second critical ansle the FIMI anlution im only partinl. This probably aceounta
for tha FMU concluzion that at the hall apace 1imit only one of the zero order
modes Aurvives, wherean it is concluded here that bnth murvive.

CONCIAISIONS

The overlapplng reacnancea concept i 7eperally conconant wilh tyanamitkizity
behaviour yielded by exact thenry and Titn in with bebaviowr bath at the hi<h ~nai

at

the low 1imits of nlnte lhickness, Limbtntions which have been demonobraied

are Uil the FU theory does pob apely arar sezing ivcidenee and dhat at Tlved
Incidence antlea heyond the necont eritical ansle 1t yieldn onlty A partisl solu-
tion.
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Fig. 1. Disperslon curves for Fig. 2. Transmittivity resonance
steel plate in water.

curve for an antisymmetric moda.
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Fig. 3. Tranamittivity of steel Fig. 4. Transmittivity of steel

plate in water. d = 0.45 As' plate in water. 4 = 2.5 As'
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