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h i g h l i g h t s

• Propagation characteristics of guided waves (GW) in a pressure vessel are proposed.
• Dispersion of GW in a pressure vessel is same as that in hollow cylindrical structure.
• The L(0, 2) mode is not sensitive to the contained liquid during its propagation.
• The L(0, 2) mode is the most appropriate for damage detection of the pressure vessel.
• GW-based structural health monitoring techniques can be used for the pressure vessel.
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a b s t r a c t

Pressure vessels usually operate under extremes of high/low temperatures and high pres-
sures. Defect, such as crack and corrosion, can result in leakage or rupture failures, even
catastrophic incidents. Guidedwave-based structural healthmonitoring (SHM) technology
is one of themost prominent options in non-destructive evaluation and testing (NDE/NDT)
techniques. Propagation of guided waves in a typical pressure vessel is systematically in-
vestigated in this study for the application of guided wave-based SHM. Shape of the pres-
sure vessel is a cylinder with two end caps. Because of geometric similarity, theory of
guided wave propagation in the cylinderical structure is analyzed to study dispersive fea-
tures of guided waves in the pressure vessel. Dispersion curves of three different types of
guided wave modes, viz. the longitudinal, torsional and flexural modes, are calculated us-
ing theoretical method. Based on the analyses and experimental wave signals, central fre-
quency and wave parameters of incident wave are optimized. Effect of contained liquid on
propagation of guided waves, especially the L(0, 2) mode, in the pressure vessel is further
investigated to minimize energy leakage of the wave to the contained liquid. The analyti-
calmethod, finite element analysis (FEA) and experiments are applied to study propagation
characteristics of guided waves in the pressure vessel, so as to demonstrate the feasibility
of guided wave-based non-destructive evaluation and testing (NDE/NDT) for such kind of
complex structures.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Pressure vessels are widely used in reactor technology, chemical industry, marine and space engineering. They, usually
operating under extremes of high/low temperatures and high pressures, are becoming highly sophisticated and therefore
also need advanced methods for their analyses. Recent inspections have shown that there are a considerable number of
cracked and damaged pressure vessels inworkplaces. Cracked and damaged vesselsmay result in leakage or rupture failures,
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Fig. 1. Infinite stress-free hollow cylindrical structure.

which can be much more catastrophic and even cause considerable damage to property and/or even life [1]. Hence, it is
important to propose on-line non-destructive evaluation and testing (NDE/NDT) techniques, so as to apprise users of health
status and any incipient damage of pressure vessels in real time.

Structural health monitoring (SHM) techniques can be used to evaluate the structure and provide information about
any damage that is detected. They can be broadly classified as active and passive, depending on whether or not actuators
are used. Passive methods, e.g. acoustic emission (AE), are usually meticulous NDT methods with deficiency in integrity
detection for pressure vessel [1]. Unlike passivemethods, active schemes are capable of exciting the structurewhen required
and can evaluate it within seconds. Guided-wave testing has been proved as a very prominent option among active SHM
methods [2]. It is effective to estimate the location, severity and type of damage, and well-established in the NDE/NDT
industry. The guided waves have also demonstrated suitability to assess the status of a structure during operation [3].

In guidedwave testing applications, angled piezoelectricwedge transducers, comb transducers, electromagnetic acoustic
transducers (EMAT), Hertzian contact transducers and lasers have been used. However, while these types of transducers
function well for maintenance inspection when the structure is offline for service, they are not compact enough to be
permanently bonded on the structure during its operation [3]. The most commonly used transducers for guided wave-
based SHM are embedded or surface-bonded piezoelectric wafers, functioning as both actuators and sensors to induce and
capture guided waves, respectively. The usually applied materials are lead zirconium titanate ceramics (known as PZT) and
polyvinylidene fluoride (PVDF), in which PZT is the more popular choice among guided wave-based SHM researchers [3,4].
Applications of guidedwave-based SHMtechniques aremostly for simple structures such as plates and tubes. Few researches
focus on propagation characteristics of guided waves in large and complex structures, such as pressure vessels [5,6]. In the
literature, thin-walled small pressure vessel was investigated using finite element simulation or analytical analysis to study
wave propagation in the complex geometries without considering liquid-contained conditions [7–9]. However, in practical
conditions, there is filled liquid or gas in pressure vessels. Actually, the guidedwavemodes in a liquid-filled pipe are very rich.
Their waveform becomes complex and their amplitude attenuates along with the propagation because of dispersion [10].

To investigate the feasibility of guided wave-based SHM for large tank-like structures, propagation characteristics of
guided waves in a typical pressure vessel are systematically studied using analytical method, FEA simulation, and experi-
ments in this study. Based on the geometrical similarity of typical pressure vessel tank and pipeline structure, dispersion
features of guidedwaves in pipeline structure are presumed to be applicable and used to study propagation of guidedwaves
in the pressure vessel. Dispersion curves of three different types of guided wave modes, viz. the longitudinal, the torsional
and the flexural mode, are calculated using analytical method for pressure vessel. Simulated and experimental results verify
that dispersion features of guided waves in pipeline structure can be used to study the wave propagation in pressure vessel.
Based on these analyses of dispersion characteristics and experimental wave signals, central frequency and wave parame-
ters of incident wave are optimized. Furthermore, the pressure vessel with contained liquid is studied to reveal the effect of
the contained liquid on propagation of guided waves.

2. Theory

Pressure vessels can be almost any shape, but shapes made of sections of spheres, cylinders, and cones are usually em-
ployed. Theoretically, a spherical pressure vessel has approximately twice the strength of a cylindrical one with the same
wall thickness. However, a spherical shape is difficult to manufacture and more expensive. Therefore, most pressure ves-
sels are cylindrical with 2:1 semi-elliptical heads/caps on each end. A typical structure with this shape is considered in the
present study, which is made of steel with hand-holes, flanges, pressure gauge connection, safety valve interface, export,
inlet and outfall. It is therefore a relatively complex structure.

Influence of the holes on stiffness of the structure, aswell as boundary conditions,makes it impossible to obtain analytical
expressions of guided waves dispersion equation through mechanical methods. It is no longer applicable to assume the
solution of governing equation and then make it satisfy the boundary conditions to obtain dispersion equations and wave
formations.When guidedwaves propagate in the structure, their characteristics have better adaptability to structural cross-
section dimensions, material properties and curvature. Because of the geometry similarity, dispersion curves of hollow
cylindrical structure are applied to study guided wave propagation in pressure vessel.



Download English Version:

https://daneshyari.com/en/article/1900496

Download Persian Version:

https://daneshyari.com/article/1900496

Daneshyari.com

https://daneshyari.com/en/article/1900496
https://daneshyari.com/article/1900496
https://daneshyari.com

