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Summary 
The vibration of a cylindrical shell is generated due to elastic waves propagating on the shell. The 
wave propagation is governed by a dispersion relation. The assumption of a thin shell allows the 
dispersion relation to be separated into three relations related to the propagation of flexural waves 
and two types of membrane waves. Above the ring frequency, those waves are clearly identified as 
flexural, shear and longitudinal waves. Below the ring frequency, the characteristics of those 
waves are identified with dependency of the direction of wave propagation. In this paper the 
dispersion relations are obtained theoretically and experimentally at two frequencies above and 
below the ring frequency. The experimental results of the dispersion relations have been obtained 
by using wavenumber analysis of in-plane surface vibration data obtained experimentally on a 
point-excited cylindrical shell. Those are compared with the theoretical results. The obtained 
dispersion relations are analysed to identify the characteristics of waves propagating on the 
vibrating cylindrical shell at frequencies around the ring frequency.  

PACS no. 43.40+s 

 
1. Introduction1 

The vibration of a cylindrical shell is generated due 
to elastic wave propagation on the shell. In order to 
understand vibration characteristics of the shell, it is 
necessary to understand the characteristics of elastic 
wave propagation on the shell. The basic idea [1] 
was introduced that waves propagating on a point-
excited cylindrical shell behave like waves 
propagating in a two-dimensional unbounded 
homogeneous anisotropic medium with excitation 
forces that are periodic in the transverse direction. 
The idea was used the to analyze the wave 
propagation on the cylindrical shell in [2]. The 
numerical results yielded the implication that major 
features of the thin plate model's prediction could 
hold relatively well, down to frequencies as low as 
twice the ring frequency of the cylindrical shell. 
The wave propagation on a cylindrical shell well 
below the ring frequency including a fluid-loading 
was examined in [3]. The general frequency 
characteristics of dispersion relation of elastic 
waves propagating on a vibrating cylindrical shell 
                                                      

 

was studied in [4].  
There is a significant change of characteristics of 
waves propagating on a cylindrical shell around the 
ring frequency. In this paper, the characteristics of 
elastic waves propagation on the shell around the 
ring frequency has been analyzed theoretically and 
experimentally. The assumption of a thin shell 
allows the dispersion relation to be separated into 
three relations related to the propagation of flexural 
waves and two types of membrane waves. Above 
the ring frequency, those waves are clearly 
identified as flexural, shear and longitudinal waves. 
Below the ring frequency, the characteristics of 
those waves are identified with dependency of the 
direction of wave propagation. The dispersion 
curves are obtained theoretically and experimentally 
at two frequencies above and below the ring 
frequencies. Those correspond to two and three 
curves below and above the ring frequency, 
respectively. The theoretical and experimental 
results of the dispersion curves are compared each 
other and are analysed to identify the characteristics 
of waves propagating on the vibrating cylindrical 
shell at frequencies around the ring frequency.  
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Here ݇ ൌ ݇ܽ  corresponds to the dimensionless 
wavenumber. ܦ௫ ൌ 0  gives the dispersion 
relation for flexural waves. The factor ܦ is 
independent of the parameter ϵ , i.e. thickness h. 
ଵܦ ൌ 0, ଶܦ ൌ 0  correspond to the 
dispersion relations of the different type of 
membrane waves. 
Considering the high frequency limit as Ω ≫ 1, the 
factor can be approximated as 
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௫ܦ ൌ 0, ܦ	 ൌ 0		and		ܦ௦ ൌ 0  correspond 
to the dispersion relation of flexural, longitudinal 
and shear waves, respectively. Those can be 
approximated for moderate values of Ω as  
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For waves propagating in the axial direction 
ߠ) ൌ 0ሻ, ܦଵ and ܦଶ in equation 9 take the 
forms [4]  
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Here ܦଵ ൌ 0 in equation (16) and ܦଶ ൌ 0 
in equation (20) correspond to the dispersion 
relation of plates. Therefore, for waves propagating 
in the axial direction ( ߠ ൌ 0 ) at Ω  ൏ Ω	, 
ଶܦ		and	ଵܦ  are related to the dispersion 
relation of shear and longitudinal waves, 
respectively. However those are related to 
longitudinal and shear waves, respectively, at Ω 
	Ω. In low frequency limit (Ω ≪  ଶ inܦ ,(1
equation 17 is approximated by 
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It indicates that the waves, being represented by 
ଶܦ ൌ 0 and propagating in the axial direction in 
low frequency limit, correspond to the longitudinal 
waves with the phase velocity ሺߩ/ܧሻଵ/ଶ 
corresponding to so-called “bar-velocity”. 
For waves propagating in the circumferential 
direction ( ߠ ൌ 2ሻ/ߨ ଵܦ ,  and ܦଶ  in 
equation 9 take the forms  
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ଵܦ  and ܦଶ  are associated with the 
dispersion relations to longitudinal and shear waves, 
respectively. The more analysis about the dispersion 
relation can be referred in [4, 9]. 
 
3. Experimental Analysis 

Fourier transform ܷ  in equation 2, i.e. the 
complex amplitude of waves propagating on the 
cylindrical shell, can be expressed in terms of the 
axial displacement component  ݑ	as  
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waves propagating in the axial direction. Above 
the ring frequency the waves governed by  
ଵܦ	 ൌ 0 correspond to longitudinal waves. 
The dispersion  curve representing ଶܦ		 ൌ 0 
forms an inner closed curve. Those waves have 
characteristics for propagation near the axial 
direction: longitudinal waves below Ωሺൌ 0.94 
for ν ൌ 0.28ሻ, and shear waves above Ω. Above 
the ring frequency 	ሺΩ ൌ 1ሻ,  the waves governed 
by ଶܦ	 ൌ 0  correspond to shear waves, 
respectively. 
Figure 6(a) and (b) show the characteristics of the 
dispersion relations at dimensionless frequency 
Ω ൌ 0.98	and	Ω ൌ 1.1	 just below and above the 
ring frequency (Ω ൌ 1ሻ , respectively. Figure 6(a) 
shows that the dispersion curve representing 
ଵܦ	 ൌ 0  does not exist between  Ω	ሺൌ
0.96	for	ν ൌ 0.28ሻ and the ring frequency ሺ	Ω ൌ 1ሻ.  
 When waves spread with energy out from the 
source point over a plate made of homogeneous 
isotropic elastic material, the wave fronts form 
circles.  The waves propagating on the cylindrical 
shell made of homogeneous isotropic elastic 
material resembles the waves propagating on the 
plate quite higher than the ring frequency. However, 
the waves on the shell have the anisotropic nature of 
propagation at low frequencies up to frequencies 
somewhat higher than the ring frequency. The 
figure-8 of the dispersion curve is one of typical 
examples which shows the anisotropic nature of 
propagation. The outward normal direction to the 
dispersion curve at any given point gives the group 
velocity direction, or the direction at which energy 
flows, for a wave with the corresponding 
wavenumber and phase velocity direction. Thus, the 
less circular the wavenumber curve becomes, the 
more anisotropic the wave propagation on the shell 
are. The further detailed research about the 
anisotropic characteristics of waves on the 
cylindrical shells is underway.  
 
5. Conclusions  

In this paper, the characteristics of elastic wave 
propagation on the shell around the ring frequency 
have been analyzed theoretically and 
experimentally. The assumption of a thin shell 
allowed the dispersion relation to be separated into 
three relations related to the propagation of 
flexural waves and two types of membrane waves. 
Those relations have been used to identify the 
characteristics of the dispersion curves which have 
been obtained theoretically and experimentally. 
The dispersion curves correspond to two and three 

curves below and above the ring frequency, 
respectively. Above the ring frequency, three 
dispersion curves have been clearly identified to be 
those of flexural, shear and longitudinal waves, 
respectively. Below the ring frequency, the 
characteristics of two dispersion curves have been 
identified with dependency of the direction of 
wave propagation. Those results have been 
effectively used to identify the characteristics of 
waves propagation on the cylindrical shell around 
the ring frequency. 

Acknowledgement 

This work was supported by the Energy Technology 
Development Program of the Korea Institute of 
Energy Technology Evaluation and Planning 
(KETEP) grant funded by the Ministry of Trade, 
Industry and Energy, Republic of Korea 
( 20172010106010). 

References 

[1] A.D. Pierce: Wave Propagation On Thin-Walled 
Elastic Cylindrical Shells. M.F. McCarthy and M.A. 
Hayes, eds., North- Holland, New York, 1989. 

[2] A. D. Pierce, H-G. Kil: Elastic Wave Propagation 
from Point Excitations on Thin- Walled Cylindrical 
Shells. Journal of Vibration and Acoustics (Trans. 
ASME) 112 (1990) 399-406. 

[3] S.L. Means, S. Kouzoupis, A.D. Pierce: Wave 
Theory of Fluid-Loaded Cylindrical Shells Below 
the Ring Frequency. Winter Annual Meeting ASME, 
1991.  

[4] H.G. Kil: Analysis of the Dispersion Relation of 
Elastic Waves propagating on Vibrating Cylindrical 
Shells, J. Acoustical Society of Korea, 20(4E), 
(2001) 45-51. 

[5]  L.H. Donnell: Stability of Thin-Walled Tubes Under 
Torsion. NACA Technical Report No.479, National 
Advisory Committee on Aeronautics, Washington, 
1933.  

[6]  M.C. Junger, D. Feit: Sound, Structures, and Their 
Interactions. Acoustical Society of America,  1993. 

[7] E.G. Williams, B.H. Houston and J.A. Bucaro: 
Experimental Investigation of the Wave Propagation 
on a Point-Driven, Submerged Capped Cylinder 
Using K-Space Analysis. Journal of Acoustical 
Society of America, 87(2) (1990) 513-522. 

[8]  V.V. Novozhilov, Thin Shell Theory, P. Noordhoff 
Ltd. Groningen, Netherlands, 1964. 

[9]  H.-G. Kil : An Automated Scanning Laser Doppler 
System for Vibration Measurements and Wave-
Vector Analysis of Vibration of Shells. Ph.D. thesis, 
1995. 

[10] H.-G. Kil, J. Jarzynski, Y.H. Berthelot: Wave 
Decomposition of the Vibration of a Cylindrical 
Shell with an Automated Scanning Laser 
Vibrometer. Journal of Acoustical Society of 
America, 104(6) (1998) 3161-3168. 

Euronoise 2018 - Conference Proceedings

- 2636 -


