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1. INTRODUCTION

The structural-acoustic behaviour of an infinite beam-plate system is
considered {Fig. 1). Wava propagation and power input characteristics
are first discussed for varying beam size. Conductivity modelling of the
plate and beam is than investigated as part of a continuing affort to
develop relatively simple models for energy flow in complex structures.
A model for the attached plate is developad based on the farfield
energy distribution in an unstiffened plate with a point load.

2. PHYSICAL BEHAVIOUR

Dispersion Relation

Lamt [1] derived a dispersion relation for flexural motion of a beam
with an attached plate, the roots of which define the wave constants
of the beam motion. Generally, thesa occur as complex pairs corre-
sponding to oppositely directed waves which are either predominantly
propagating or pradominantly evanescent [2].

Fig. 2 shows the wave constant for the predominantly propagating
wave mode for various beam sizes determined by Newton-Raphson
iteration. The beam has width b, depth ¢ and a b/d ratio of 0.2; the
plate thicknass ¢ is 2cm and the frequency is 120 Hz. With vary light
beams the wave modes are the same as those of the plates; but at d/t
= 2.5 an abrupt transition to beam-like behaviour occurs. At inter-
madiate beam sizes the evanescent component is about 10-20% of the
propagating component, resulting in sharp attenuation of the flexural
waves. Physically, this is caused by wave energy radiating to the
adjoining plate. The group velocity of the propagating mode (Fig- 3)
shows a linear dependence on.the beam depth, in contrast to the
familiar square root dependency of the free-beam wave mode.
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Input Power

The input power due to a point harmonic foree is proportional to the
real part of the driving point mobility p of the system. The mobility
can be obtained either by numerically inverting its Fourier transform and
evaluating it at the driving point or by using the first order approxima-
tion given by Skudryzk [3]:

B = (Z+2)" (1

where Z, and 2'.u are the driving .point impedances of the uncoupled
beam and plate, respectivaly. In Fig. 4 the input power is plotted as a
fraction of the power into an unstiffened plate of the same size, under
the same loading. Atintermediate beam sizes, tha mobility approxima-
tion causes the input power to be overastimated by as much as 50%.

3. CONDUCTIVITY MODELLING

Beam Modelling
The radiation of energy from beam to the plate has been previously
given by [4]:

Qr = ch(eb) (2)

where g, is the power radiated per unit langth, y is a radiation parame-
ter, ¢, is the group velocity (Fig. 3}, and i{g,} is the time-averaged
flexural energy density on the beam. The conductivity model predicts
a farfiald energy density of

(8y) = (Pynl2c,)exp|{-a,lxl} o, = wnfcy+y = -2imlk)  (3)

where Im{k,} is the evanescent part of wave constant in the propaga-
tion mode. The last squality in (3) defines the radiation parameter such
that the decay rate in the model matches that observed for free waves
in Fig. 2. Satisfactory results were obtained in the farfield with. this
approach [4]). No information about the nearfield response, however,
is retained in the conductivity model, so the technique is not useful for
predicting the velocity near the driving peint.

Plate Modelling

The plate velocity amplitude shown in Fig. 5 was obtairied by numerical
inversion of the Fourier transform expressions obtained by Goyder and
White (5], for the case d/t=20. The x and y axes in this figure are in
units of wavelengths. A significant feature is the decay along the beam
axis y =0), at a rate of 8.69Im{k,} dB/m. Another is the pair of ridges
radiating from the driving point at angles equal to the trace-matching
angle for flexural waves on the bsam and plate, a feature noted by
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Kovinskaya and Nikiforov [6]. Numerical analysis has shown that
between these two ridges the plate velocity is a cylindrical wave
pattern centred on the driving point; 1o either side of the ridges is a
plane wave field propagating at the trace-matching angle. -

Conductivity modsls previously used were suitable for diffuse fields
on finite plates [4]. The approach used here for infinite plates is based
on the known farfiald energy density in the absence of a stiffener:

CXG) ) exp{-(wn/c,)r}

4)
P, 2rre,

where P, is the power input due to a point force and r is the radial
distance from the driving point. For a plate excited through a stiffener,
power enters the plate not at a point, but as & continuous distribution
along the beam axis. Using the right-hand side of (4} as the Green's
function of the plate response and (2) as the power input function, the
plate energy density becomes :

- Ve 2
(o) = f_:vc.,<e,m>:xp{ (wnl:,)\/ix R PP
nex-EFy

Substituting the expression for {g,) in {3), the integral can be evaluated
numerically. Results are shown in Fig. 6 in which the velocity level is
normalized to the peak value in Fig. 5. The plate response near the
driving point and along the axis x=0 {perpendicular to the beam axis)
is predicted quite accurately. The response along the beam axis (y=0)
‘ie about 3 dB too high, but the rate of decay away from the driving
point is almost the same as in Fig. 5. The made!, however, is not
capable of predicting the pair of ridges caused by the interference
between plane and cylindrical wave fields. In using (5) it is assumed
that the total energy is just the sum of the energy fields produced at
each source point. For plate energies to be additive, the energy
daensities must be time-averaged and locally space-averaged quantities,
hence preciuding the modelling of phase or interference effects.

An integral expression for the plate intensity can be obtained in a
similar way. Further development of the method should enable it to be
applied to more complex plate-beam systems.
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Figure 1. Peint-loaded beam-plate Figure 2. Coupled beam wave
system, constant: {—) raal part; (— —)
imag part; (- -) free beam.
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Figure 3. Group/velocity. Figure 4. input power:

{—) coupled beam; (- -} free beam.  (—) numerical integration;
: (- -} mobility approximation.

Figure 5. Plate velocity amplitude, Figure 6. Plate velocity amplitude
d/it = 20. from conductivity model,d/t =20,
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