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ABSTRACT: In case that an infinite length waveguide structure is connected with a finite length structure, it is
required to combine a wave approach for the waveguide structure and a modal approach for the finite length
structure to investigate the dynamic response of the connected target structure. In this study, the wavenumber finite
element (WFE) analysis is adopted for the infinite length waveguide substructure and a finite element (FE) method
is applied for the finite length substructure and then their results are coupled in terms of the impedance or mobility
at the connected points between the substructures. As a structural model, an infinite length cylindrical shell with
arectangular plate inside is regarded. These two substructures are connected at the four corner points of the plate,
rigidly or resiliently. From this investigation, it was confirmed that the wave approach (WFE method) and modal
approach (FE method) can be combined by the impedance coupling.
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Fig. 1. Model of two substructures coupled with two
points.
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Fig. 2. A joint connecting two substructures with a
mount as a spring component.
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Fig. 3. A joint connecting two substructures with a
mount as an intermediate substructure.
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Table 1. Material properties and dimensions of the
model.

Young’s modulus 2.1x10" Pa
Density 7850 kg/m*
Poisson’s ratio 0.3
Damping coefficient 0.02
Inner plate thickness 0.01 m
Inner plate length 1m > 0.707 m
Cylinder length 6 m
Cylinder radius 0.5m
Cylinder thickness 0.01 m

——response point

(a)

(b)
Fig. 4. Schematic diagram for the combined structures:
(a) a cylindrical shell and inner rectangular plate
connected at four corner points, (b) cross section
where the excitation is applied (X = 2.75 m).
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Fig. 5. Comparison of responses predicted by the full
FE analysis and impedance coupling analysis. (a) Axial
directional response, (b) radial directional response,
(c) circumferential directional response.

=Tt X] H|34E H5% (2015)

4.2 Fet ZIo| HSY &EICof| chet WFE 5iA

4.1789] §3t do| FxBof e A4 Mo
HE du e A s A g o) A1%] 2 Bhelskl
oug d doXe FE do] FRE f{3k Lol

Table 1——] 5 o] Y5 AT o o) aL-f-A]
ﬂ“QJEH%%E$QE%Hg&ﬂ%ﬁW%4
Fig. 6] F-4Hd %= 3 kHz °]’3P Fup tf o of] B
237) 8] mhEo] thAt AFd AT o EATHE Hol
ngled, 17zt o %Hiﬁk i Rk
Eot A S4S 4=

3 kHzol| A =7} ¢k 6 rad/m‘ﬂ, M0 T HHE
B] B k= 1] £ ul(torsional wave)o| ™, 3 kHzol| A]
F 3 rad/mo] = H]FAR= Fal(longitudinal wave)
oIt 45 eIt Ecke R a5

= Fukert S7h whet o] £ 718718 e

30

25

20

7=

15

Wavenumber [rad/m]

0 500 1000 1500 2000 2500 3000
Frequency [Hz]

Fig. 6. Dispersion diagram of the infinite cylindrical
shell in Table 1.



(c) (d)

Fig. 7. Mode shape of the cylindrical shell in Table
1 at the first four cut-on frequencies (x=0 rad/m).
(@) 0 Hz, (b) 30 Hz, (c) 86 Hz, (d) 167 Hz. (Dotted line,
undeformed cross section; solid line, deformed cross
section).
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Mobility [dB ref. 10°® m/s/N]
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Fig. 9. Comparison of mobilities predicted from the
cylindrical shell coupled with inner plate by using the
impedance coupling. (a) Axial directional response,
(b) radial directional response, (c) circumferential
directional response.
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