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Abstract

In this paper, the strong in-plane vibration has been experimentally observed at the end of a finite cylindrical shell.

The strong in-plane vibration was generated by the evanescent wave field, which was excited along about half the length

of the shell. The evanescent waves were generated due to mode conversion of elastic waves at the ends of the cylindrical
shells. The results show that the strong in-plane end vibration can be generated in cylindrical shells.
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l. Introduction

Vibration of a cylindrical shell is generated due to
elastic waves propagating on the shells. Those elastic
waves include propagating waves such as flexural, longi-
tudinal and shear waves. Those also include non-propagating
decaying waves, i.e. evanescent waves. The evanescent
waves are generated near a force point and near ends of
the cylindrical shell. Their contribution to vibration is
generally confined to corresponding nearfields. But strong
in-plane end vibration due to evanescent waves had been
experimentally observed at ends of a cylindrical rod and
disks[1,2]. The similar phenomena had been observed
theoretically at an end of a semi-infinite plate[3] and
recently at an end of a semi-cylindrical sheli[4].

In this paper, the strong in-plane vibration has been
experimentally observed at the end of a finite cylindrical
shell. The strong in-plane vibration was generated by the
evanescent wave field, which was excited along about
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half the length of the shell. The evanescent waves were
generated due to mode conversion of elastic waves at the
ends of the cylindrical shells. The results show that the
strong in-plane end vibration can be generated in cylin-
drical shells.

Il. Analysis of Experimental Data

2.1, Experiment

The experimental model is a finite cylindrical shell
made of stainless steel. The dimensions of the shell are
L=0.94m, 2=0.076 m, A=0.0015m. In order to
approximate the free-free boundary conditions at both
ends of the shell, the shell was held between two
aluminum end caps with four uniformly spaced pieces of
materials such as neoprene and corprene along each end
of the shell as shown in Fig. 1. The shell was excited
by a piezoelectric shaker located inside of the shell and
0.32L above the bottom of the shell. The shaker was
driven at a frequency 18275 Hz corresponding to 1.6571,
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Figure 2. The axial displacement field «(¢,z) measured over the cylindrical shelt at 18275 Hz.

where f,=11,059 Hz is a ring frequency of the cylinder.
The frequency was chosen considering the strong axial
vibration at the end of the experimenial shell. The laser
Doppler vibrometry system was used to measure the
in-plane vibration of the shell. The detailed description
about the experimental system can be found in Ref.[5].
Two different wave fields are generated on the regions of
the shell above and below the excitation point. The axial
displacement was measured at 32x32 points on the
surface of the shell above the excitation point.

2.2, Analysis of Experimental Data and Results

Consider the given circular frequency » and the axial
displacement w(¢,z)e ~*“ over the cylindrical shell de-
scribed using the cylindrical coordinate (= g, ¢, 2). Fig,
2. shows the axial displacement field z(¢,z) measured
over the cylindrical shell. It shows the regular modal
patterns, especially =1 circumferential mode along the
circumference. However, it is difficult to separate the con-
tributions of various waves, which are combined into the
total displacement field. Those contributions of the waves
can be separated by performing wave-vector analysis
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based on the Fourier Transform. The axial displacement
data w(¢,2)e "' can be processed to evaluate the wave
spectrum  {/,(%,)[6] at the frequency » as

« 28 3 .
Un(kz)=_2]; f_wfo u(é.z)e"’"e":"dqidz (1)

Here, n(=k,a) means to circumferential wavenumber
index. %, and k, correspond to circumferential and axial
wavenumbers, respectively. The wave spectrum ¢/, (k,)

physically means the complex amplitude of wave prop-
agating in the direction of the wavenumber vector

k=kye4tk e, 2)

where e and e, mean the unit vectors in circumferential
and axial directions, respectively.

The fast Fourier transform(FFT)[7] algorithm is well
suited to perform the wave vector representation of Eq.(1).
Fig. 3 shows the result of the wave spectrum U,(k,)
obtained with the FFT of the experimental data #(¢,z).
Each peak on the wave spectrum is associated with the
amplitude of a wave propagating in the direction defined
by the corresponding wavenumber vector in Eq.(2). Strong
peaks appear in the low wavenumber region while weak
peaks appear in the high wavenumber region. The weak
peaks correspond to flexural waves. The strong peaks are
associated with the in-plane waves such as longitudinal
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Figure 3. The wave spectrum ¢/,(%,) obtained with the FFT of the experimental data (¢,2) at 18275 Hz.
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Figure 4. Decomposition of the experimental axial displacement data with the dependence of »=3, u3(2), by means of the Prony

method to illustrate the presence of the evanescent wave.
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and shear waves, which dominantly excite the in-plane
vibration of the shell.

The wave spectrum in Fig. 3 shows the broad peak
around =3 and £.=0 in the wavenumber plane. In
order to investigay the characteristics of waves generating
the broad peak, the displacement data with the dependence
of »=3, wus(z), along the length of the shell is analyzed
with the Prony method. The Prony method models the data
with exponentials of arbitrary complex amplitudes (magni-
tudes and phases) and complex wave numbers (wave num-
bers and damping terms) which are found by a least-square
minimization of the difference between the experimental
datz. and the reconstructed data sets. It models the data as
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Here A] and A; correspond to the amplitudes of
waves propagating in directions of +z and —2,
respectively. M means the total number of waves with
the comresponding axial wave number and a given
circumferential wave index » at a given frequency. M
comresponds to 4 in the cylindrical shell. The detailed
algorithm of the Prony method can be found in
Ref.[8,9). Fig. 4 shows the resuits obtained with the
Prony method. The solid line represents the measured
data. The dotted lines represent the contributions of
flexural and evanescent waves into the measured data.
The result clearly reveals the presence of an

© Axial location (m)

Axlal location {m)

(c}

Figu'e 5. Mode conversion at the free end of the semi~infinite cylindrical shell {at z=0 } at 182754z and »= 3. waves exciting
{a} the axial motion, (b) the circumferential motion and {(c} the radial motion. (— ) and (<) represent incident and
reflected waves from the end of the shell, respectively, The curves (—) and {---) correspond to flexural waves and

evanescent waves, respectively,
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evanescent wave. The Prony decomposition of the data
shows the presence of a wave number such that
k,a=-—0.11+0.,92:. This value is in good agreement
with the theoretical value %,4=0.98; calculated from
the dispersion relation based on Donnell's shell
equation[10].

The result in Fig. 4 shows that a strong evanescent wave
field can be excited along about half the length of the
shell. The evanescent wave generates the strong in-plane
end vibration of the shell.

[ll. Mode Conversion

In order to understand the phenomenon of the strong
evanescent wave field at the end of the shell, the following
analysis has been done. Consider a semi-infinite cylin-
drical shell with the same radius, thickness and material
as the experimental model has. It has the free-free boundary
condition at the end of the shell. The axial, circumferential
and radial displacement components such ( u3(2}, v4(2)
and w4(2) } with the dependence of circumferential wave
index »=3 are evaluated using the algorithm in Ref[11].
The displacement field has been regarded as a superposition of
propagating disturbances due to elastic waves, and the
reflection of the waves at the end of the semi-infinite
cylindrical shell has been considered.

At a frequency of 18275 Hz, flexural waves and evanes-
cent waves are propagating with dependence of =3 in
the cylindrical shell, while flexural, longitudinal, shear and
evanescent waves are propagating with the dependence of
n=1. Consider the incident flexural and evanescent
waves with dependence 5= 3 propagating from the source
point to the end of the semi-infinite cylindrical shell. The
location of the end of the shell is taken as z=0. Fig. 5
shows the incident flexural waves (denoted as —) associated
with axial, circumferential and radial displacement components
(u3(2) vy(2) and wy(2) ). It shows also that reflected waves
(denoted as <) are generated so that the boundary
conditions at the end are satisfied in combination with the
incident wave. The reflected waves include the evanescent
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waves as well as the propagating flexural waves. This
phenomenon shows that the end of the shell as a structural
discontinuity give rise to wavenumber conversion, or mode
conversion. The strong evanescent wave is observed in the
axial motion in Fig. 5 (a). This eir;-n&em wave generates
the strong in-plane vibration of the end of the shell. This
result can be compared with the experimental result in Fig 4.

The evanescent waves (with large imaginary wavenumber)
in the experimental result in Fig. 4 are result of the mode
conversion of the flexural waves into evanescent waves at
the end of the shell. The evanescent waves are usually
generated and localized to the region close to the structurai
discontinuities or the source point. However the results in
Fig. 4 and Fig. 5 (a) show that a strong evanescent wave
field can be excited along about half the length of the
shell. It causes the strong in-plane end vibration of the
shell.

IV. Conclusions

In this paper, the strong in-plane vibration has been
experimentally observed at the end of a cylindrical shell.
It has been shown that the strong in-plane vibration has
been generated due to the evanescent waves. It has been
also shown that the evanescent waves are generated due
to mode conversion of elastic waves at the ends of the
cylindrical shells. The resuits show that the strong in-plane
end vibration can be generated at ends of cylindrical shells.
In this paper the strong end vibration with the circumferential
mode =3 has been observed at frequency 18275 Hz.
More investigation is needed to see whether the end
vibration with different circumferential modes can be
generated at the ends of cylindrical shells at other
frequencies.
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