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A wave model of two identical beams coupled by a plate for a mid-frequency analysis

[e]

% A 7' p. Thompson’, N. S. Ferguson’

Ji Woo Yoo, D. J. Thompson and N. S. Ferguson

Keywords: mid-frequency, beam, plate, wave method, wavenumber, SEA

ABSTRACT

There has been much effort to find suitable methods for structural analysis in the mid-frequency region
where traditional low frequency methods have increasing uncertainties whilst statistical energy analysis is not
strictly applicable. Systems consisting of relatively stiff beams coupled to flexible plates have a particularly
broad mid-frequency region where the beams support only a few modes whilst the plate has a high modal
density and modal overlap. A system of two parallel beams coupled to a plate is investigated based on the
wave method, which is an approximate method. The wave model is extended from a single-beam-plate system,
to a plate with two identical beams which is modelled using a symmetric-antisymmetric technique.
Experimental results such as powers and energy ratios show the validity of the analytical wave models.
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Table 1. Material propertics and dimensions of the coupled
system of an infinite beam and a finite width plate.

Material Perspex Height of beam, 22.0
h (mm)
Young’s modulus, Beam width, b
E (GNm?) 44 (mm) 60
Poisson’s ratio, v 0.38 Plate width, Z, 0.375
(m)
Density, p Plate thickness,
(kgm™) 1152.0 1, (mm) 2.0
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Fig. 1. Approximate line impedance Z—';, of the finite plate.
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3. wEtdolel Eeb Az mez
THE AMdAo et Hole 2

FE Bol F-3% vnle] dol A= AlY) Ak
A, A (6 7T AolE 7 E FxEel o

sl BUSA A 3T Fihe oo)H F 0
Age

ik iy = e G ko x
=A™+ AeT 4 A+ AT (8)

4.1 8ltiEd P22 o[B8 HHY

49 4, Adute] dFoly 4,9 4, A I
o MFoleh {9 i, = A% Aol 287 5o
ztgeojrh .
B (ol 1)4 Bxhx =004 HeF £ 8 F9,
4 o] AAzdoZRE Aol rtesEE,
Ao} Aol gt 9 B ‘Qﬂﬂ(transfer mobility)¥=
7 () W x) :g;f‘e +2e o +Ae At L9

K24, + ikl Ay - kXA ik A,

ol e} T 4 (4)sh 2o, AFE # y=0
s}t y=1L, oA 2] 7374]5574 ozBE FHAYG # &

G wol wAlshs RE 5o} o)o] dlgahs R
A A YNPAS Mo Gk B ol wo

A s} Abejol Al o @ o) 5l 2 ko] A 5| 9ick

4. EFZE
Yolg =g

s E-E-E ddA

.

shtel v wor FAE A4AY delrn
REe gy prge B8 A2 g9 £ ok
(Fig. 3). & HEe Hof Z L3l o YuuAs=
A5 Zor sHgsich eof AlAE LAE R #
A A7 AHgEE, 29 Hdse] FA3o
¥ g s g8 b e B E Y |, 7Bl
Q= gtdiEel 5 E B 283 kAt

Fig. 3. A coupled structure consisting of two finite beams
attached to a rectangular plate.
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