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ABSTRACT. Circumferential guided wave propagation behavior in a viscoelastic multi-layered hollow 
cylinder is studied to provide a baseline for defect detection in tar coated pipelines. Theoretical work was 
carried out by developing the appropriate dispersion curves and wave structures for circumferential guided 
waves in a pipe coated with a viscoelastic material. Parameters that affect wave attenuation were 
investigated with some initial guidelines being established for improved penetration power. Low 
frequencies are suggested from both attenuation and detection depth points of view. Under this guidance, 
experiments utilizing a linear transducer array were conducted at a low frequency for successfully detecting 
delamination and volumetric defects in tar coated pipe. A study was carried out to find the appropriate 
features for defect detection in coated pipe and a test protocol based on this study is recommended and 
summarized. 

 
 

KEYWORDS:  circumferential guided wave, multilayered structure, viscoelastic coating, defect detection, 
ultrasonics, pipe 
PACS:  43.20.Mv, 43.35.Mr, *43.40.Le, *43.35.Zc, 81.70.Cv 

 
 

INTRODUCTION 
 
 Pipelines are used in almost every industry that has a need to provide a large scale 
distribution of their product, be it gas, oil, water, etc. The electrical utility industry uses 
pipes as conduits for the distribution of electricity, with especially complicated 
configurations, such as the trifurcation joints, used in inner city manholes. These pipelines 
are both above ground and below ground and are thus exposed to a variety of changing 
environmental conditions that can lead to corrosion and/or coating separation at the outer 
diameter of the pipes. Therefore, viscoelastic coating (coal tar, epoxy) is widely used in the 
pipeline industry for corrosion protection.  Defective pipelines can cause fatal failures, 
property damage, and high litigation and replacement costs. An effective NDE method is 
needed to provide useful information to the pipeline industry as corrosion and delamination 
detection is critical for purposes of maintenance and repair. 
     Since the middle of the 1980’s, ultrasonic guided wave techniques have been developed 
and applied rapidly in the field of NDT because of their long-range testing ability and 
efficiency compared with the traditional point-by-point bulk wave methods [1]. Presented 
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in this paper is the development of an ultrasonic circumferential guided wave technique, 
which exhibits the ability to detect defects [2-3]. Figure 1 portrays the concept of 
circumferential guided waves for this application. The difficulty of defect inspection in a 
coated pipe usually comes from the attenuation and wave energy distribution change along 
the pipe wall due to the existence of coating, which may reduce the inspection capability 
significantly. Therefore, theoretical work was carried out first by developing the dispersion 
curves and wave structures in a pipe with viscoelastic coating. The goal was to find an 
appropriate frequency with less attenuation and an appropriate energy distribution. Based 
on the recommendation from theoretical results, a piezoelectric linear transducer array 
generating SH circumferential guided waves at a low frequency range is designed to 
provide the best results in terms of defect detection and sizing.  Experiments on a coated 
pipe with a simulated defect were conducted and a preliminary featured-based decision 
(defect, no defect) model was then constructed. 
 
DISPERSION CURVES 
 
  For a pipe with a viscoelastic coating, the phase velocity dispersion curve, attenuation 
dispersion curve and wave structure were calculated using the global matrix technique. 
Figure 2 shows a viscoelastic coated pipe.  According to the correspondence principle [4], 
under a steady state, time harmonic assumption, the guided wave propagation solution for 
an N-layered pipe with one or more viscoelastic layers can be acquired simply by 
substituting the elastic modulus of the respective layers with the complex viscoelastic 
modulus into the dispersion equation for a totally elastic N-layered pipe. The dispersion 
equation of an N-layered viscoelastic pipe can be generated similarly by just using the 
complex viscoelastic constants instead of the elastic constants.  
 The displacement n

zu  of circumferential SH wave in the nth layer can then be expressed 
as in equation (1): 
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The stress can be calculated by equation (2): 
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where k  is wave number and k̂  is a wave number related parameter, J  and Y represent 
Bessel functions, C  represents unknowns, and nµ  is a Lamé’s constant. See [5] for more 
details about the wave theory and nomenclature. 
     Boundary conditions are 2 traction-free conditions at the inner and outer surface and 
2(N-1) displacement and stress continuity conditions at the (N-1) interfaces: 
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FIGURE 1. The use of circumferential guided waves 
to find pipe defects under tar tape coated pipes. 

FIGURE 2. Cylindrical coordinates of a hollow 
viscoelastic coated cylinder and dimensions. 
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     There is a total of 2N boundary conditions.  Each layer has two unknowns nC1  and nC2 , 
and thus there is a total of 2N unknowns. The layer matrix is expressed in equation (4): 
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     The NN 22 × global matrix can be constructed after applying the 2N boundary 
conditions and the dispersion equation of the N-layered pipe can be expressed as (5): 

2 2 0N NA × =  
  For a multi-layer pipe with viscoelastic layers, complex viscoelastic constants are then 
substituted into equation (5), in place of the elastic ones. Complex root searching can be 
carried out in a 3-dimensional space (frequency, real part of k*, and imaginary part of k*) 
[6]. The eigenvalues of the system are then used to construct the dispersion curves and the 
eigenvectors are used to construct wave structures. The wave number root k* becomes a 
complex number. The complex root is composed of the real part Re(k*), which results in 
the phase velocity dispersion curve,  and the imaginary part Im(k*) leads to the attenuation 
constant as well as the attenuation dispersion curve: 
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 The calculated attenuation dispersion curves for a 10 inch schedule 40 pipe coated with 
bitumen tape are shown in Figure 3, where the attenuation increased with the frequency and 
the layer thickness.  It can be seen that the frequency range from 20 kHz to 40 kHz 
provides reasonably low attenuation. A wave structure analysis was carried out in order to 
tell the inspection potential at different wall depths. The results show that the percent 
energy carried by the elastic layer becomes less as the frequency and coating thickness 
increase. Therefore, it would be safer to use lower frequency in order to realize a more 
reliable detection. 
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FIGURE 3.  Calculated attenuation dispersion curves of n0 circumferential SH wave in a steel pipe (10 
inch schedule 40) with different coating conditions (the thickness of each layer is 1 mm), showing wave 
attenuation increases significantly as frequency and/or coating thickness increase. 
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EXPERIMENTAL STUDY 
 
     For circumferential guided wave inspection as shown in Figure 1, the inspected area was 
limited to the axial size of the transducers used. To overcome this limitation, a 26” long 
linear array with 6 channels and 24 transducers was designed as seen in Figure 4. The 
benefit of using a linear array is that beam spreading can be effectively reduced, especially 
for the middle two channels, thus realizing consistent inspection ability.  

Experiments were carried out on a 10’’ schedule 40 pipe coated with tar tape as shown 
in Figure 5(a). Frequency sweeping was first carried out in the 20 to 40 kHz range 
suggested by previous theoretical studies, with the best frequency found to be 30 kHz from 
signal width and SNR points of view. A typical wave signal at 30 KHz is shown in Figure 
5(b), where wrap around signals attenuate gradually with circumferential wave propagation 
distance. Two key features were identified: The attenuation factor of the wave train 
produced by the periodic traversal of the input pulse around the circumference of a pipe 
and the appearance of an echo between the periodic pulse pattern.  
     The amplitude ( )ω,xA  of a propagating wave signal is a function of frequency and the 
wave propagation distance: 

( ) xexA )(, ωαω −≈  
  
where )(ωα is the attenuation constant and x  is the wave propagation distance. The 
attenuation constant, )(ωα can be expressed in equation (8): 
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where 1A  and 2A  represent the amplitudes of two signals propagating with distance 1x  and 

2x  respectively. 
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(a)       (b) 
FIGURE 5. (a) Experiment set up and (b) sample signal of 30 KHz circumferential SH wave, with an 
exponential curve fitting to the wrap around signal peaks which gives the attenuation factor.  
 

Air bladder 

Air valve

Channel 1 Channel 2 Channel 5Channel 3 Channel 4 Channel 6 

FIGURE 4.  Linear transducer array: Coupling is enhanced by the use of an air bladder which applies 
pressure to the transducers and pushes them into the coating. (Pressure ~ 30 psi). 
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     Attenuation of the wrap around signals could be an excellent feature for defect detection 
in addition to the direct defect reflection echoes and wrap around wave amplitudes. The 
linear array transducer used in this experiment was dry coupled by applying sufficient 
pressure on it, resulting in signal amplitude changes due to the air bladder pressure 
variations. However, the benefit of using the attenuation constant feature is that it is 
consistent under different coupling pressures. This was proved by the experimental study. 
Two experiments were performed in the pulse-echo mode. One was a hole drilling 
experiment and the other was a delamination/gouge detection experiment. 
 
Hole Detection Experiment 
  
 Experiments on a 1’’ hole were carried out as shown in Figure 6(a) where the array is 
about 90° away from the hole. The signal in channel 3 is shown in Figure 7.  Apparent 
reflected echoes from the hole could be found between two wrap around echoes for channel  
3. Comparing Figure 7(a) and (b), it can be found that one-ply coating reduces signal 
amplitudes but not inspection capability. Because the hole is physically one quarter of the 
circumference away from the array, the reflected wave was right in the middle of the two 
wrap around waves, indicating a wave propagation distance of a half circumference. The 
result in Figure 7(c) shows a testing blind area when the hole is 180° away from array. 

The attenuation constants were summarized for all 6 channels in Figure 8 considering 
with/without coating and with/without hole. Compared with the no-defect case, the 
attenuation constants for the with-hole case do not increase much, which means that small 
defects such as a 1’’ hole cannot contribute a large effect on signal attenuation. 

 

 

 

(a)     (b) 
FIGURE 6. Detection experiments of (a) a 1” hole and (b) gouge in a 10” schedule 40 pipe, using 30 KHz 
circumferential SH waves generated by a linear array transducer. 

1’’ hole

gouge 

(b) with one-ply tar coating, 
hole 90° away from array

(c) with one-ply tar coating, 
hole 180° away from array

(a) no tar coating, hole about 
90° away from array 

Hole Hole echoes

FIGURE 7.  30KHz circumferential SH wave signal for Channel 3, showing the hole has strong intermediate 
reflection echoes. 
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Gouge Detection Experiments 

 
As with the hole detection, experiments on the gouge as shown in Figure 6(b) were also 

done. For coated pipe, a Teflon tape insert was used to simulate a delamination between the 
gouge and the tar coating. In this study, the gouge/insert was moved over different 
distances from the transducer array position in order to find the appropriate inspection 
technique.  

First, the array was placed 10’’ away (about 106°) from the gouge’s top edge. The 
results are shown in Figure 9(a) and (b) for no tar coating and tar coating respectively. 
Gouge echoes can be seen for both cases, although the echoes are not as apparent as those 
from the through hole shown before. This is because the through hole has a sharp edge 
which easily results in wave reflections. However, for the gouge, the edge is not so sharp 
and regular, thus leading to lower reflection amplitudes. The second array position was 
about 6’’ away from the gouge with results shown in Figure 9(c).  This time the echoes are 
closer to the wrap around signals and partially superimposed with them. This is caused by 
the wide pulse width for the 30 KHz frequency, which generates a certain inspection blind 
area. To overcome this shortcoming, changing array positions is a solution.  Attenuation 
constants for the 6 channels in Figure 9(a) and (b) are summarized in Figure 10 and 
compared with the two previous no-defect results, with/without coatings. It can be 
observed from the figure that the attenuation constants mostly increase in such a sequence: 
1. no defect without coating; 2.  gouge/insert 10’’ away from transducer without coating; 3. 
no defect with one-ply coating; 4. gouge/insert 10’’ away from transducer with one-ply 
coating. 
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FIGURE 8.  Attenuation constants at channel 1-6 for 30 KHz SH wave in a 10’’ schedule 40 pipe with a 1’’ 
hole 90° away from array.  Note the existence of small hole does not introduce apparent attenuation. 

FIGURE 9.  30 kHz circumferential SH wave signal of Channel 3 for the experiment on gouge. 
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edge about 10’’ (106°) away 
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(b) one-ply tar coating with 
Teflon insert, gouge top edge 
about 10’’ away from array 

(c) one-ply tar coating with Teflon 
insert, gouge top edge about 6’’ away
from array  blind inspection area 
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 The third array position was 180° away from the gouge by putting the array on top and 
the gouge on the bottom. As predicted, no defect echoes were found for both cases 
with/without coating. Observation of the attenuation constants is similar with that in Figure 
10. These observations could give enlightenment on how to use the attenuation constant 
feature. If there are no reflected defect echoes but obvious higher attenuation constants are 
found, the transducer position could be changed by a certain number of degrees to inspect 
the blind area, which is wide for low frequency. 
 A test protocol based on this study is recommended and summarized in a flow chart as 
shown in Figure 11. Two linear arrays are suggested, or the repositioning of one, to acquire 
data. If intermediate echoes are found, a delamination or other defect exists. If not found, 
attenuation constants will be used as another feature to tell whether there are no defects or 
the coating is too thick to tell. Note that the protocol is based on a hypothesis that this 
method works if delamination is followed by corrosion. Generally we will not see a subtle 
delamination. 

FIGURE 10. Attenuation constants at channel 1-6 for 30 KHz SH wave in a 10’’ schedule 40 pipe for four 
cases: no defect without coating; gouge/insert 10’’ away from transducer without coating; no defect with one 
ply coating; gouge/insert 10’’ away from transducer with one ply coating. 
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FIGURE 11. A test protocol for defect detection in a tar coated pipe using circumferential SH waves generated by a 
linear transducer array. This shows a dramatic accomplishment for the tar coated pipeline inspection.  
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CONCLUDING REMARKS 
 
• Theoretical work has been carried out by developing dispersion curves and wave 

structures for circumferential guided waves in a pipe coated with a viscoelastic material.  
• Wave structure analysis was conducted at selected frequencies, giving insight on defect 

inspection by looking at the energy distribution along the wall thickness direction. Both 
attenuation and wave structure studies suggest the use of low frequencies.  

• A linear array transducer has been explored for defect detection in coated pipe. Defect 
reflection echo and attenuation of wrap around signal amplitudes are found to be two 
feasible features.  

• A test protocol based on this study is recommended and summarized. Two linear arrays 
are suggested, or the repositioning of one, to acquire data.  

• This study has shown an effective accomplishment for the defect inspection of a tar 
coated pipeline. 
 

REFERENCES 
 

1. Rose J.L., J. Press. Vess. Tech. 124(n8), 273-282 (2003). 
2. Liu, G. and J. Qu, J. Appl. Mech. 65, 424-430 (1998a). 
3. Luo, W., Rose, J. L. and Kwun H., RNDE 15, 1-13 (2004). 
4. Christensen R.M., Theory of Viscoelasticity: An Introduction, Academic Press, New 

York, 1981. 
5. Zhao X., Rose J.L., J. Acoust. Soc. Am. 115(5), 1912-1916 (2004). 
6. Xu, W., Jenot F., Ourak M., “Modal Waves Solved in Complex Wave Number,” in 

Review of Progress in Quantitative Nondestructive Evaluation 24, edited by D. O. 
Thompson and D. E. Chimenti, AIP Conference Proceedings vol. 760, American 
Institute of Physics, Melville, NY, 2004, pp. 156-163. 

172


	Welcome Screen
	Proceedings
	Title Page
	Copyright
	Preface
	Contents
	MINISYMPOSIUM: SAFETY, RELIABILITY, AND MATERIALS ISSUES
	The National Aeronautics and Space Administration Nondestructive Evaluation Program for Safe and Reliable Operations
	Opportunities and Challenges for Nondestructive Residual Stress Assessment

	CHAPTER 1: ULTRASONICS AND ELASTIC WAVES
	Section A. UT Modeling and Propagation
	Use of a Mass-Spring Lattice Model for Simulating Ultrasonic Waves in an Anisotropic Elastic Solid
	The Kirchhoff and Born Approximations for Scattering in Both Isotropic and Anisotropic Elastic Solids
	Ultrasonic Testing of Thick Walled Austenitic Welds: Modelling and Experimental Verification
	The Reflection of Ultrasound at Oblique Incidence Angle from Partially Contacting Rough Surfaces
	Modeling of Ultrasonic Signals from a Side-Drilled Hole Captured By a Rectangular Transducer
	2D SH Wave Scattering by a Crack in a Cladding
	Bispectral Analysis of Ultrasonic Inter-Modulation Data for Improved Defect Detection
	Inspection Using Shear Wave Time of Flight Diffraction (S-TOFD) Technique
	Analysis of Wave Propagation for the TOFD Method by Finite Element Method: Optimization of Test Configuration and Proposal Of a New TOFD Method
	Simulation of Ultrasonic Technique Using Spectral Element Method

	Section B. Guided Waves and Applications
	Finite Element Modeling of Guided Wave Propagation in Plates
	Efficient Numerical Modelling of Absorbing Regions for Boundaries Of Guided Waves Problems
	Diffraction Effects on Ultrasonic Guided Waves Radiated or Received By Transducers Mounted on the Section of the Guide
	Review of Synthetically Focused Guided Wave Imaging Techniques With Application to Defect Sizing
	Evaluation of Thickness Reduction in a Thin Plate Using a Non-Contact Guided Wave Technique
	Interaction of the Fundamental Shear Horizontal Mode with a Through Thickness Crack in an Isotropic Plate
	Circumferential Guided Waves for Defect Detection in Coated Pipe
	Development of Calculation Software for Guided Wave Propagation In a Pipe
	Flexural Torsional Guided Wave Pipe Inspection
	Spiral Creeping Waves in Ultrasonic Angled-Beam Shear Wave Inspection of Fastener Holes in Multilayer Structures
	Health Monitoring of Rock Bolts Using Ultrasonic Guided Waves
	Guided Ultrasonic Wave Inspection of Corrosion at Ship Hull Structures

	Section C. Laser Ultrasonics and Applications
	Non-Destructive Testing Using Picosecond Ultrasonics
	High Frequency Laser-Based Ultrasound
	Effects of Broadband Laser Generated Ultrasound on Array Gain
	Robust Laser-Ultrasonic Interferometer Based on Random Quadrature Demodulation
	Laser Ultrasonic Thickness Measurements of Very Thick Walls at High Temperatures
	Laser Ultrasonic Measurement of Elastic Properties of Moving Paper: Mill Demonstration
	Laser-Generated Ultrasonic Source for a Real-Time Dry-Contact Imaging System

	Section D. Nonlinear Ultrasonics
	Generation and Detection of Higher Harmonics in Rayleigh Waves Using Laser Ultrasound
	Simulation of Non-Linear Ultrasonic Wave through an Interface Including Imperfections
	Detection of a Closed Crack by Nonlinear Acoustics Using Ultrasonic Transducers
	Time Domain Analysis of Subharmonic Ultrasound for Practical Crack Sizing
	Nonlinear Acoustic Measurements and Rayleigh Waves


	CHAPTER 2: ELECTROMAGNETIC, THERMAL, X-RAY, AND PENETRANT TECHNIQUES
	Section A. Section A. Eddy Current Probes
	Efficient Solution of Electromagnetic Scattering Problems Using Spatial Decomposition Algorithms
	Electrical Circuit Model of an Eddy Current System for Computing Multiple Parameters
	Method for Crack Characterization with Noise Invariance for Eddy Current Inspection of Fastener Sites
	Development of the Non-Destructive Evaluation System Using an Eddy Current Probe for Detection of Fatigue Damage in a Stainless Steel
	The Effect of Opening on Eddy Current Probe Response for an Idealized through Crack
	Transient Eddy Current Response Due to an Open Subsurface Crack In a Conductive Plate.
	Detection of Hidden Cracks on Aircraft Lap Joints with GMR Based Eddy Current Technology
	Surface Flaw Testing of Weld Zone by a New Eddy Current Probe
	An Experimental and Theoretical Study of Eddy-Current End Effects In Finite Rods and Finite Length Holes
	A New Eddy-Current Self-Compensating Probe for Testing Conducting Plates
	Comparison of Absolute and Differential ECT Signal Characteristics Generated by Tube Defects Near Support Plate
	Prediction and Evaluation of Rotating Pancake Coil Probe Signals Simulated from Steam Generator Tubes
	Experimental Confirmation of 3D Numerical Simulations of Remote Field Signal from Defects in Magnetic Steam Generator Tubes
	Eddy Current Flexible Probes for Complex Geometries
	Potential Drop Spectroscopy for Characterization of Complex Defects
	A Novel Multi-Frequency Eddy Current Measurement Technique For Materials Characterization
	Electromagnetic Testing of Magnetic Material by Rotating Uniform Eddy Current Probe
	Wireless Eddy Current Probe for Engine Health Monitoring (Phase II)

	Section B. Microwave and Terahertz NDE
	Microwave and Millimeter Wave Testing for the Inspection of the Space Shuttle Spray On Foam Insulation (SOFI) and the Acreage Heat Tiles
	Millimeter Wave Imaging of Corrosion under Paint: Comparison Of Two Probes
	Microwave NDE for Reinforced Concrete
	Characterization of Dielectric and Magnetic Properties of Powdered Materials such as Powdered Coal
	Monitoring the Effect of Relative Humidity During Curing on Dielectric Properties of Composites at Microwave Frequencies
	Ray-Tracing Model for Terahertz Imaging of SOFI Inspection
	Modeling and Processing of Terahertz Imaging in Space Shuttle External Tank Foam Inspection
	A Wavelet Based Signal Processing Technique for Image Enhancement in Terahertz Imaging Data
	Quantum Cascade Terahertz Emitters for Subsurface Defect Detection
	Sensing and Imaging with Continuous-Wave Terahertz Systems
	Terahertz NDE for Under Paint Corrosion Detection and Evaluation

	Section C. Thermal Techniques
	Thermal Imaging at General Electric
	Advances in Thermal Time-of-Flight Imaging with Flash Quenching
	The Potential of Sonic IR to Inspect Aircraft Components Traditionally Inspected with Fluorescent Penetrant and/or Magnetic Particle Inspection
	Simulation of Sonic IR Imaging of Cracks in Metals with Finite Element Models
	Advances in Thermosonics for Detecting Impact Damage in CFRP Composites
	A New Approach for the Prediction of the Thermosonic Signal from Vibration Records
	Study of the Heat Generation Mechanism in Acoustic Thermography

	Section D. X-Ray Applications
	Monte Carlo Simulation Tool with CAD Interface
	Impeller Metrology for Pipeline Compressors Using Computed Radiography

	Section E. Fluorescent Penetrants
	Ultraviolet Light Induced Fade of Penetrant and Fluorescent Penetrant Indications
	Characterization of Developer Application Methods Used in Fluorescent Penetrant Inspection
	Preliminary Results of Cleaning Process for Lubricant Contamination


	CHAPTER 3: SIGNAL PROCESSING, IMAGING, AND INVERSION
	Section A. Signal Processing
	Bayesian Defect Signal Analysis
	State Space Feature Extraction Applied to Diffuse Ultrasonic Signals Using Simulated Chaotic Excitations
	Modal Decomposition of Double-Mode Lamb Waves
	Wavelet Thumbprint Analysis of Time Domain Reflectometry Signals for Wiring Flaw Detection
	Application of the Hilbert-Huang Transform for the Analysis of Impact-Echo Data
	Static Load Estimation for Magnetic Alloy Strips by Using Neural Networks
	Sensitivity of Time-Frequency Representations in the Presence of Noise in Guided Waves NDE
	Pulsed Eddy Current Measurement of Lift-Off
	A Flexible Digital Signal Processing Platform for Very High Signal-to-Noise Ratio Enhancement of Weak Eddy Current and Ultrasonic Signals Routinely Encountered in NDE
	Advances of Simulation and Expertise Capabilities in CIVA Platform
	A Simplified Ultrasonic Time-Delay Spectrometry (TDS) System Employing Digital Processing to Minimize Hardware Requirements

	Section B. Imaging and Inversion
	Breaking the Resolution Limit: A New Perspective for Imaging In NDE
	Optimized Image Processing for Eddy Current-Thermography
	A Transformer Coupling Method for Imaging Defects in Concentrically Arranged Steel Tubes
	Natural Crack Sizing Based on Eddy Current Image and Electromagnetic Field Analyses
	Electromagnetic-Acoustic Modeling of Fields Induced by Gradient Pulses in Diffusion Tensor Magnetic Resonance Imaging
	Super Resolution Imaging: Performance Studies
	An Approach for Image and Height Calibration for Borescope Based Surface Characterization
	Flow Shape Reconstruction by Three-Dimensional Linearized Inverse Scattering Method
	Defect Sizing in Pipe Using an Ultrasonic Guided Wave Focusing Technique
	Methodology Using Inverse Methods for Pit Characterization in Multilayer Structures
	Reconstruction of Cracks from Eddy Current Signals Using Genetic Algorithm and Fuzzy Logic
	Flaws Identification Using Eddy Current Differential Transducer and Artificial Neural Networks
	Hole Enlargement Measurement in Carbon Steel Tube Support Plate


	CHAPTER 4: UT ARRAYS, TRANSDUCERS, AND FIELDS
	Section A. UT Arrays and Applications
	Efficient Design of Ultrasonic Phased Array Transducer Surface Geometry
	Use of Expanded Multi-Gaussian Beam Model to Predict Radiation Beam Fields from a Phased Array Ultrasonic Transducer
	Optimization of Transmission Field for DDF-Based Phased-Array Inspection
	Three-Dimensional Steering and Focusing Using an Ultrasonic 2D-Array-Simulation and Experiment
	Control of Complex Components with Smart Flexible Phased Arrays
	Enhanced Differential Methods for Guided Wave Phased Array Imaging Using Spatially Distributed Piezoelectric Transducers
	Exploiting the Full Data Set from Ultrasonic Arrays by Post-Processing
	Improved Titanium Billet Inspection Sensitivity through Optimized Phased Array Design, Part I: Design Technique, Modeling and Simulation
	Improved Titanium Billet Inspection Sensitivity through Optimized Phased Array Design, Part II: Experimental Validation And Comparative Study with Multizone
	Phased-Array Focusing with Longitudinal Guided Waves in a Viscoelastic Coated Hollow Cylinder
	Ultrasonic Guided Wave Focusing Beyond Welds in a Pipeline
	Leak Detection in Spacecraft Using a 64-Element Multiplexed Passive Array to Monitor Structure-Borne Noise
	A Preliminary Round-Robin Study of Ultrasonic Phased-Array Transducer Variability

	Section B. UT Transducers and Fields
	Characterization of an Ultrasonic Transducer in a Pulse-Echo Setup
	A Spherically Focused Capacitive-Film Air-Coupled Transducer
	Residual Bias Phenomenon in Air-Coupled Ultrasonic Capacitive Film Transducers
	Finite Element Analysis of Capacitive Micromachined Ultrasonic Transducer (CMUT) for NDE Applications
	Multi-Layer Thin Film Sensors for Damage Diagnostics
	Surface Wave Testing of a Flaw by Electromagnetic Acoustic Transducers
	Modeling the Beam Fields of Circular and Rectangular, Flat and Focused Transducers Using Gaussian Beam Superposition
	Optimization of Mirrors for the Ultrasonic Inspection of Complex-Shaped Components Using Standard Transducers


	CHAPTER 5: NDE FOR ENGINEERED MATERIALS
	Section A. Composites and Periodic Structures
	NDE Developments for Composite Structures
	Modeling of the Ultrasonic Propagation into Carbon-Fiber-Reinforced Epoxy Composites, Using a Ray Theory Based Homogenization Method
	Selective Excitation of Lamb-Waves for Damage Detection in Composites
	Using SAFT for Signal Improvements in Composites
	Inspecting Composites with Airborne Ultrasound: Through Thick and Thin
	An Ultrasonic Nondestructive Method for Evaluating Carbon/Carbon Composites
	Nondestructive Evaluation Using HTS SQUID Magnetometer to Detect Impact Damage in Carbon Fiber Reinforced Polymers with Different Fiber Orientation
	Thermo-Elastic Characterization of Heat Damage in Carbon Fiber Epoxy Composites
	Development of Practical NDE Methods for Composite Aircraft Structures
	Material Characterization of Flexibly Supported Shear Deformable Laminated Composite Plates.
	High Frequency Ultrasonic NDE of Titanium Metal Matrix Composites
	Ultrasonic Band Gaps in Periodic Stack of Plates Œ Simulation and Experiments

	Section B. Coatings, Thin Films, and Adhesives
	Interpretation of Back-Scattered Rayleigh Surface Wave Signals from Diamond Coating Layers
	Optical Coherence Tomography for Inspection of Highly Scattering Ceramic Media: Glass Powders and Plasma-Sprayed Coating
	Quality Assessment of Refractory Protective Coatings Using Multi-Frequency Eddy Current MWM-Arrays
	Dispersion Characteristics for Axial Rayleigh Wave Dispersion for a Bore Coated Cylinder
	Application of Eddy Current Techniques for Orbiter Reinforced Carbon-Carbon Structural Health Monitoring
	Acoustic Evaluation of the Integrity of Thin Film Structures
	Photoacoustic Evaluation of the Mechanical Properties of Aluminum/Silicon Nitride Double-Layer Thin Films
	Shear Horizontal Wave Propagation Speed in Mylar Sheet and Coated Paper
	Ultrasonic Resonance in Thin Two-Layer Dynamic System
	NDE for Characterizing Adhesive Joint Degradation Due to Corrosion


	CHAPTER 6: MATERIALS CHARACTERIZATION
	Section A. Nonferrous Material Properties and Microstructure
	Elastic Constants Inversion from Ultrasonic Transmission Spectra Obtained Using a Wide Aperture PVDF Sensor
	Estimation of Single-Crystal Elastic Constants of Polycrystalline Materials from Back-Scattered Grain Noise
	Anisotropic Elastic Constants of Copper Thin Films: RUS/Laser and Picosecond-Laser Ultrasound
	Measurement and Modeling of Ultrasonic Attenuation in Aluminum Rolled Plate
	The Use of a Normalized Derivative Approach for Ultrasonic Attenuation Coefficient Estimation
	Nondestructive Evaluation of Irradiation Embrittlement of SQV2A Steel by Using Magnetic Method
	HBAR-Spectroscopy Used for Materials Characterization
	Two-Step Monte-Carlo Simulation of Ti Alloy Microstructures for Studies of Ultrasonic Beam Fluctuations
	Laser Measurement of SAM Bulk and Surface Wave Amplitudes for Material Microstructure Analysis
	Estimates of Signal-to-Microstructural-Noise Ratios in Ultrasonic Inspections of Metals

	Section B. Nonmetallic Materials
	Electrothermal Defect Detection in Powder Metallurgy Compacts
	Characterization of Subsurface Defects in Ceramic Rods by Laser Scattering and Fractography
	Determination of Microwave Dielectric Properties of Materials Using a Unique Application of Embedded Modulated Scatterer Technique
	Plastic Foam Porosity Characterization by Air-Borne Ultrasound
	Burning Rate Measurement of Solid Propellant Using Ultrasound-Approach and Initial Experiments
	Simulation of Elastic Waves in Viscoelastic Solids Using Finite Elements Method
	Measurement of Bulk Velocity and Attenuation in Fluids and Particle Suspensions Using the Quasi-Scholte Mode

	Section C. Steels
	Magnetic Nondestructive Characterization of Case Depth in Surface-Hardened Steel Components
	Measurement of Local Strain Distribution of Austenitic Stainless Steels by Using Magnetic Sensors
	Frequency-Dependence of Relative Permeability in Steel
	Millimeter Wave Nondestructive Evaluation of Corrosion Under Paint in Steel Structures

	Section D. Infrastructure Materials
	The Application of Magneto Inductive Sensors for Non-Destructive Testing of Steel Reinforcing Bars Embedded Within Pre-Stressed and Reinforced Concrete
	A Method for Imaging Steel Bars Behind a Ferrous Steel Boundary
	Studies on Geometries for Inducing Homogeneous Magnetic Fields in the Application of Real Time Imaging of Steel Reinforcing Bars Embedded Within Pre-Stressed and Reinforced Concrete
	Assessment of Corrosion Activity in Reinforcing Steel Bars Embedded Within Concrete Using the Inductive Scanning Technique
	Automatic Corrosion Classification and Quantification of Steel Reinforcing Bars Within Concrete Using Image Data Generated by an Inductive Sensor
	Finite Element Analysis for Imaging Steel Bars Placed under a Mild Steel Boundary Using Eddy Current Techniques
	Study of Impact Excited Elastic Waves in Concrete by Scanning Laser Vibrometry
	Characterization of Entrained Air Voids Using Scattered Ultrasound
	Novel Distributed Cable Sensors for Detection of Cracks in RC Structures
	Air-Coupled Impact-Echo Method for NDT of Concrete
	Influence of Steel Reinforcement on In-situ Stress Evaluation in Concrete Structures by the Core-Drilling Method
	Ultrasonic Study on Hysteresis in Modulus of Elasticity in Norway Spruce as a Function of Year Ring

	Section E. Fatigue Damage
	Surface Texture of Fretting Fatigue Damaged Shot Peened Titanium
	Detection of Fatigue Damage Prior Crack Initiation with Scanning SQUID Microscopy
	Approach to Eliminate Couplant-Effect in Acoustic Nonlinearity Measurements

	Section F. Residual Stress Techniques
	A New Multi-Gaussian Auto-Correlation Function for the Modeling of Realistic Shot Peened Random Rough Surfaces
	The Role of Cold Work in Eddy Current Residual Stress Measurements in Shot-Peened Nickel-Base Superalloys
	Near-Surface Residual Stress Assessment in Inhomogeneous Nickel-Base Superalloys
	A High-Frequency Eddy Current Inspection System and Its Application to the Residual Stress Characterization
	Laser-Generated Surface Skimming Longitudinal Wave Measurement of Residual Stress in Shot Peened Samples
	Laser-Ultrasonic Measurements of Residual Stresses in a 7075-T651 Aluminum Sample Surface-Treated with Low Plasticity Burnishing
	Performance Comparison of Two LCR Probes Using a Reference Frame.


	CHAPTER 7: NDE TECHNIQUES, SENSORS, SYSTEMS, AND APPLICATIONS
	Section A. NDE Techniques
	Comparative Sensitivity Study of Vibro-Acoustic Modulation and Damping as NDT Techniques
	Load Measurement in Structural Members Using Guided Acoustic Waves
	Measurement of Absolute Acoustic Strain by Non-Contact Technique
	Charged Particle Detection: Potential of Love Wave Acoustic Devices
	Application of Acoustic Wavefield Imaging to Non-Contact Ultrasonic Inspection of Bonded Components
	Linear and Nonlinear NDE Using Air-Coupled Lamb Waves
	Application of Air-Coupled Sensors to Surface Wave NDT in Concrete
	Novel Methods for Crack Detection in Green and Sintered Parts
	EMAT and Eddy Current Dual Probe for Detecting Surface and Near-Surface Defects
	Mobile Robot Sonar Backscatter Algorithm for Automatically Distinguishing Walls, Fences, and Hedges
	Near-Field Scanning Laser Source Technique and Microfabricated Ultrasound Receiver
	Recent Advances in Modeling All the Components of an Ultrasonic Measurement System
	Microwave and Millimeter Wave Imaging of the Space Shuttle External Fuel Tank Spray On Foam Insulation (SOFI) Using Synthetic Aperture Focusing Techniques (SAFT)
	Phase Lock-In Reflectometry for Detection and Characterization of Wiring System Faults
	Nondestructive Evaluation of Submicron Delaminations at Polymer'Metal Interface in Flex Circuits
	Remote High Temperature Thermometry Using Ultrasonic Guided Waves in Thin Wires
	A Parametric Study of Crack Propagation During Sonic IR Inspection
	All-Optical Elastic Characterization of Silicon Wafers and Cantilever Beams by Vibration Modes

	Section B. Infrastructure Applications
	Excitation of Surface Wave Modes in Rails and their Application for Defect Detection
	Rail Defect Detection Using Ultrasonic Surface Waves
	Ultrasonic Surface Wave Propagation and Interaction with Surface Defects on Rail Track Head
	Evaluation of Multilayered Pavement Structures from Measurements of Surface Waves
	Step Frequency Ground Penetrating Radar Applications to Highway Infrastructure Measurement and System Integration Feasibility with Complementary Sensors
	Detection of Air and Water-Filled Subsurface Defects in GFRP Composite Bridge Decks Using Infrared Thermography
	Real Time Detection of Defects in GFRP Bridge Decks Using Infrared Thermography
	Continuous Structural Monitoring of Oil Rig Sub-Sea Structures for Flood Member Detection Using Axisymmetric Guided Waves
	Sludge and Blockage Characterization Inside Pipes Using Guided Ultrasonic Waves

	Section C. Health Monitoring Sensors and Systems
	Ultrasonic Monitoring of Fastener Holes Using Load Modulated Energy Algorithms for Early Detection of Fatigue Cracks
	Laser Vibrometric Study of Plate Waves for Structural Health Monitoring (SHM)
	Ultrasonic Guided Wave Annular Array Transducers for Structural Health Monitoring
	Ultrasonic Sensor Placement Optimization in Structural Health Monitoring Using Evolutionary Strategy
	Characterization of Bonded Piezoelectric Sensor Performance and Durability in Simulated Aircraft Environments
	The Long Term Stability of Guided Wave Structural Health Monitoring Systems
	Novel Wavelength Demodulation Scheme for Fiber Bragg Grating Sensors Based on Adaptive Two-Wave Mixing Interferometry
	Long-Term Durability Assessment of Optical Fiber Sensors
	Evaluation and Tuning of Magnetostructive Sensors by Using S-Transformation
	Integrated Sensing and Material Damage Identification in Metallic and Ceramic Thermal Protection Systems Using Vibration and Wave Propagation Data
	Thermal Characterization of TPS Tiles
	Acoustic Characterization and Impact Sensing for Ceramic Thermal Protection Systems (TPS)
	Structural Health Monitoring of the Space Shuttle's Wing Leading Edge
	Development of a Wireless Active System for TPS Structural Health Monitoring

	Section D. NDE for Process Control
	Non-Contact Thickness and Profile Measurements of Rolled Aluminium Strip Using EMAT
	Recent Developments in On-Line Assessment of Steel Strip Properties
	Comparison of Metallurgical and Ultrasonic Inspections of Galvanized Steel Resistance Spot Welds
	The Measurement of Oil Film Thickness in Ball Bearings Using Ultrasound
	Utilization of Electrical Impedance Tomography to Detect Internal Anomalies in Southern Pine Logs


	CHAPTER 8: BENCHMARK PROBLEMS, PROBABILITY OF DETECTION AND DETECTION RELIABILITY
	Section A. Benchmark Problems
	Simulating the Experiments of the 2005 Ultrasonic Benchmark Study
	The 2004 Ultrasonic Benchmark Problem - SDH Response Under Oblique Incidence: Measurements and Patch Element Model Calculations
	Results of the 2005 UT Modelling Benchmark Obtained with the CIVA Software Developed at the CEA
	Model Predictions to the 2005 Ultrasonic Benchmark Problems
	Ultrasonic Benchmarking Study: Overview up to Year 2005

	Section B. Probability of Detection and Detection Reliability
	A Statistical Model to Adjust for Flaw-Size Bias in the Computation of Probability of Detection
	Model-Assisted POD for Ultrasonic Detection of Cracks at Fastener Holes
	A Bivariate Regression Model for Assessment of Multizone Ultrasonic POD
	Use of Physics-Based Models to Guide the Extrapolation of Aircraft Engine Ultrasonic POD Data to Small Flaw Sizes
	Probability of Detection Estimation for Hit/Miss Data When Detection Cannot be Attributed to Specific Flaws: An Exploratory Data Analysis
	Simultsonic: A Simulation Tool for Ultrasonic Inspection
	Finite Difference Simulation of Ultrasonic NDE Methods for the Detection and Sizing of Stress Corrosion Cracking (SCC)
	Cost Benefit Analysis Tool Incorporating Probabilistic Risk Assessment for Structural Health Monitoring



	Attendees
	Author Index
	Subject Index
	Help
	Search
	Exit

	copyright: 


