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ABSTRACT

Examinations of piping and other components using guided waves have become increasingly
attractive over the last decade due to high effectiveness of the technology in finding hidden
anomalies. Different types of transducers together with the philosophy of a screening
approach have been developed and tested using piezoelectric, and EMAT actuators.

Practical implementation of the technology has helped to recognize the most challenging
applications when there is a need for better sensitivity, better inspection range, and better
flaw characterization.

A review of magnetostrictive sensor technology will be given in reference to the new
developmental work dedicated to the improvement of the performance of guided waves when
applied to piping and tubing components.

INTRODUCTION

The concept of using guided waves for screening of piping and tubing has been progressing
over the last decade. In terms of NDE techniques, the methods been classified as; long range
ultrasonic testing (LRUT). The first commercially available guided wave actuators were
based on both piezoelectric (1,2) and EMAT (3,4,5) transducers. Both types of actuators have
a long history of use for generating of acoustic and ultrasonic vibrations.

In the family of EMAT transducers, the most cost-effective solution was based on the
principle of magnetostriction utilizing Joule-Villary, Widemann and Inversed Widemann
effects. This approach has been mostly promoted by Southwest Research Institute (SwRI)
and supported via commercially available products including the electronics and the software

(6).

Practical implementation of the technology clarified the need for further improvement in the
following areas:



e Extending the inspection range in the presence of high attenuation
e Improving the sensitivity
e Improving the flaw characterization capability

Some of these limitations were addressed in research and development (R&D) work
performed by SwRI, IHI Southwest Technologies Inc (ISwT), the Electric Power Research
Institute (EPRI) and other organizations worldwide.

The predominant efforts of this R&D work were focused on long-range guided wave
screening of piping and heat exchanger tubing. Figurel and shows a typical concept of
guided wave screening based on using a guided wave transducer mounted on the pipe from
the outside surface (a) or placed inside of the heat exchanger tube (b).

Figure 1 - Predominant applications of Magnetostrictive Sensor Technology: (a) - guided
wave screening of piping; (b) guided wave screening of heat exchanger tubing

Besides these two applications, there are some other applications such as screening of plates,
steel ropes, anchor rods and short-range inspection of components using guided waves.

IMPROVING THE INSPECTION RANGE

In the presence of low attenuation (in the order of 0.1 dB/m), torsional guided waves can
reliably cover about 150 meters of straight run piping in each direction from the sensor.
Situations with the limited inspection range are mostly associated with these cases:
e Buried piping
Coated piping
Piping and tubing with thick deposits of different nature
Piping and tubing with extensive corrosion damage.
Finned tubing

Average attenuation rate in the above ground piping can vary from 0.01 to 1 dB/m,
depending on component condition. In piping with high attenuation, the attenuation rate can
be as high as 10-15 dB/m. Problems associated with limited inspection range in piping can
mostly be challenged by increasing the power output of guided waves actuators. .



The first magnetostrictive guided wave actuators utilized a rather bulky array of bias magnets
together with the ribbon AC circuit to generate longitudinal and torsional guided waves
directly in the pipe wall. The method was limited for use only to ferromagnetic materials. A
rather dramatic improvement in the performance was accomplished after utilizing a nickel
strip as an actuator of torsioanl and longitudinal vibrations. The residual bias of the strip was
serving as a substitute to a bulky array of bias magnets. Switching from nickel-based
material to iron-cobalt alloys allowed for increasing the power output of the sensor by the
factor of 12 dB (7). The technology has been marketed by SWRI using the trade name
MsS™.

Improvements of performance of the MsS sensors were accomplished by using an embedded
generator of bias magnetic field (8). The purpose of the innovation was enhanced permanent
monitoring of piping using the ability to recover the permanent bias in the core of the sensor
through a remote terminal. In 2007, ISWT developed a magnetostictive transducer with the
bias oriented through the width of the strip. Together with a proprietary AC circuit layout,
this transducer produced significantly higher power output compared to previous MsS
designs. The transducer was given a trade name MsT™ (9). Figure 2 summarizes the signal
strength of magnetostrictive guided wave actuators accomplished over the last decade.
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Figure 2 - Improvement in the signal strength of magnetostrictive guided wave actuators
accomplished over the last decade.

Mockup testing of the transducers revealed the capability to reliably detect 10% simulated
metal loss at a distance up to 13 meters on bitumen coated buried pipe with attenuation up to
10 dB/m.

Further development of MsT transducers resulted in creation of an array of products
including segmented guided wave transducers, high temperature transducers and small bore
torsional guided wave probes for screening of heat exchanger tubing.

Figure 3 shows MsT transducers for pipes with OD 114mm and 219 mm (left) and small bore
guided wave probe for screening of heat exchanger tubes (right).



Figure 3 - MsT transducers for pipes (left) and small bore guided wave probe for screening of
heat exchanger tubes (right)

Screening of exchanger tubing using guided waves turned out to be a big challenge and it
took more than 10 years of developmental work before any practically acceptable results
were obtained (10-15). The major problems with the tubing came from the limited space to
fit the probe in, the occurrence of guided wave dumping phenomena due to the presence of
numerous tube support plates and also rather high attenuation introduced by corrosion
deposits. Full coverage of heat exchanger tubing was accomplished in the majority of cases
using higher (above 90 kHz) frequencies of guided waves and small bore MsT transducers
(16,17,18). Guided wave screening of heat exchanger tubing can offer a unique package of
benefits including full coverage of U-bends, identification of wear issues under tube support
plates and also detecting of cracking in the areas of rolled expansion. Figure 4 shows an
example of LRUT data presentation. The data were obtained from 24 ft (8m) long heat
exchanger tube after 20 years of continuous operation.
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Figure 4 - Example of heat exchanger LRUT data presentation

The LRUT screening concept of heat exchanger tubing provides end-to-end coverage of the
entire tube. In this particular case the accomplished signal-to-noise-ratio (SNR) allowed for
the detection anomalies as small as 2% relative to the cross-section of the tube.

IMPROVING THE SENSITIVITY

The ability to recognize abnormal conditions in the component is the major reason why
guided wave technology has been actively developed. The criteria of “abnormal conditions”
can significantly vary from case to case and be the subject for a detailed discussion before
any LRUT work takes place. Detection of gradual wall thinning, pinholes, and shallow



pitting corrosion can be quite challenging using guided waves. However, detection of axial
and circumferential cracking was shown to be possible (19).

It is generally accepted that guided waves can provide a clear and a cost-effective way to
determine pipe condition. A 5% detection threshold level has been generally accepted for
use in delineating suspect indications from the coherent noise.

There are a few exceptions when the detection threshold should be set to higher or lower
level. As an example, if the piping or tubing exhibits low level of internal reverberation then
the detection threshold should be set to 1% or even less. Increasing the power output of the
transducer in such a piping could also dramatically improve the SNR.

If the internal reverberation rate is high, the SNR might stay low regardless of the amount of
energy introduced to a pipe. In this case, the detection threshold should be set to a higher
level. The last case scenario can potentially reduce the quality of screening, but might be
quite common when screening of service water piping with thick deposits. Improving the
sensitivity of guided waves in the presence of high rate of internal reverberation is a
challenge and continues to be developed.

Figure 5 (right) shows the typical condition of 89 mm OD service water pipe after 25 years
of operation.
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Figure 5 - Advanced LRUT screening of service water piping: Typical condition of service
water pipe after 25 years of operation (right); Results of advanced conditioning of guided
wave signal (left)



Like the majority of service water piping, the above pipe had rather thick deposits covering
deep pockets with metal loss. Manual ultrasonic testing performed over a long period of time
identified some suspect areas marked with grids and painted circle. The pipe was taken out of
service after 25 years of operation as a result of leakage through the pinhole that appeared
outside of the suspect area (marked with the small circle). The section of the pipe was cut off
and tested in the lab using guided waves at 60 kHz. The results of initial testing and the level
of internal reverberation caused by deposits are shown on the left side of the picture. It
should be noted that the level of the internal reverberation would make it difficult to call any
of the known metal loss indications as suspect due to rather low SNR. Improving the SNR in
this case was accomplished by applying nonlinear signal processing. As a result of the
advanced processing, the majority of internal reverberation signals were effectively rejected
and all three indications including the indication produced by the pinhole could be detected.
The approach utilizing broadband guided waves and nonlinear signal processing was shown
to be very promising for a broad range of NDE applications (20).

IMPROVING THE FLAW CHARACTERIZATION

As soon as the suspect area is identified, the flaw characterization becomes of outmost
importance. It is a generally accepted practice to confirm the LRUT indications with
confirming NDE, like contact ultrasonic testing (UT). However, the number of indications
might be rather large and all the indications need to be sorted out before any follow up NDE
takes a place.

Scattering of guided waves on defects as well as the scattering on the geometry features is
rather complicated phenomena. All three dimensions of a reflector — the length, the depth,
and the width tend to contribute to the amplitude and to the shape of the response. There has
been a great deal of R&D work done dedicated to the improvement of characterization
capability of guided waves (21,22,23). It was found that using a multi-frequency approach,
together with utilization of different type of focusing techniques could essentially help to
clarify the geometry of the flaw.

Three types of guided waves focusing — natural, synthetic (SAFT) and dynamic (phased
array) all require the use of a segmented transducer, either receiver or transmitter or both. A
solenoid-type AC circuit of the MsT transducer allows a smooth transition between
continuous and segmented transmission-reception of guided waves. As a result of this, every
centimeter of the pipe circumference is engaged in the transmission-reception process in both
‘segmented’ and ‘full ring’ regimes.

Figure 6 shows a segmented version of MsT transducer (left) and an example of C-scan
imaging of 820 mm OD flare line with stiffeners (right). It can be noticed that not only the
axial position of the indication is presented but also the circumferential location and the
circumferential extent.

The type of imaging used in this particular case was SAFT and it works the best when the
area of interest is not too far away from the transmitter (0.5 — 10m).



The segmented transducer also allows mapping of the circumferential extent of the flaw
using naturally focused flexural guided waves (24).
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Figure 6 - Segmented version of MsT transducer (left) and an example of ‘C’-scan imaging
of 820 mm OD flare line mockup (right)

Figure7 represents an example of C-scan imaging using naturally focused F(1,2) mode of
guided waves in 25mm OD condenser tube. It should be noted that the majority of defects
were identified and accurately mapped in the whole body of the tube with a couple of blind
spots remaining. Sweeping the frequency of guided waves is typically used to cover the blind
areas.
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Figure 7 - C-scan imaging using naturally focused F(1,2) mode of guided waves in 25mm
OD condenser tube



Focusing guided waves using segmented MsTs and phased array technique is the matter of
development of appropriate electronic equipment and procedures.

CONCLUSIONS

LRUT technology has become a widely used technique for screening a variety of
components. The performance and the capability of guided wave transducers has always
been a key element in the successful implementation of the technology. Recent changes in
the design of magnetostrictive transducers provide a significant improvement in the power
output, the sensitivity and the flaw characterization. The majority of advanced techniques
have been incorporated into procedures for use in the field.
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