Structural Health Monitoring With
Piezoelectric Wafer Active Sensors

As technology continues to advance, new and innovative methods for ensuring
the safety and integrity of structures have emerged. One such method is
Structural Health Monitoring (SHM) with the use of Piezoelectric Wafer Active
Sensors (PWAS). This revolutionary technology combines the electrical and
mechanical properties of piezoelectric materials to detect and monitor changes in
the structural health of various applications, ranging from bridges and aircraft to

pipelines and wind turbines.

SHM is the process of continuously assessing the condition of structures to
provide real-time evaluations of their health and detect any potential damage or
deterioration. It plays a crucial role in preventing catastrophic failures, reducing

maintenance costs, and extending the lifespan of structures.

The use of PWAS in SHM has gained significant attention due to their unique
capabilities and advantages. These small devices, typically attached to the
surface of structures, can generate and sense elastic waves, allowing them to
identify changes in the structural response to external stimuli. PWAS can act as
both actuators and sensors, providing a two-in-one solution for monitoring and

detecting damages.
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How PWAS Work

PWAS are made up of thin layers of a piezoelectric material, such as lead
zirconate titanate (PZT), sandwiched between two electrodes. When an electric
field is applied, the material undergoes a mechanical deformation known as the
piezoelectric effect, generating elastic waves. Conversely, when the material is
subjected to an external stimulus, such as vibrations or impacts, it generates an
electrical charge proportional to the deformation, allowing the detection of

structural changes.

These devices are highly sensitive and can detect even small variations in the
structural response, making them ideal for early damage detection and
localization. By continuously monitoring the generated electrical signals, SHM
systems can identify various types of defects, such as cracks, corrosion,

delamination, and debonding.

Advantages of PWAS in SHM

PWAS offer several advantages over traditional SHM techniques:
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Sensitivity: PWAS are highly sensitive to structural changes, allowing early

detection of damages that may go unnoticed with conventional techniques.

Multi-functionality: PWAS can act as both actuators and sensors, reducing

the number of devices required for SHM systems.

Non-intrusive: PWAS can be easily attached to the surface of structures

without the need for invasive procedures, minimizing downtime during
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installation.

= Cost-effective: The compact size and low production cost of PWAS make

them an affordable solution for widespread implementation.

Applications of PWAS-based SHM

The versatility and effectiveness of PWAS have led to their usage in various
fields:

1. Aerospace Engineering

In the aerospace industry, PWAS are employed to monitor the structural health of
aircraft. They can detect fatigue cracks, corrosion, and other damages that may
compromise the safety of the aircraft. Regular SHM using PWAS can help
prevent catastrophic failures and reduce maintenance costs by performing

targeted repairs.

2. Civil Infrastructure

PWAS-based SHM is crucial for the monitoring of civil infrastructure, such as
bridges, dams, and buildings. By continuously assessing the health of these
structures, potential damages can be identified early on, allowing for timely
repairs and avoiding hazardous situations. PWAS are also used to monitor the

structural response to environmental factors like earthquakes and strong winds.

3. Oil and Gas Industry

With pipelines being a critical part of the oil and gas infrastructure, their health
must be regularly monitored. PWAS can detect defects like corrosion, cracks, and
leakages, preventing potential accidents and reducing the risk of environmental
harm. Monitoring using PWAS also enables predictive maintenance, optimizing

the usage of resources.



4. Wind Energy

PWAS-based SHM is employed to monitor the structural integrity of wind
turbines. By identifying damages, such as blade cracks or debonding,
maintenance can be performed before catastrophic failures occur. This reduces
downtime, increases energy efficiency, and ultimately lowers costs for wind farm

operators.

The Future of PWAS and SHM

The development and implementation of PWAS in SHM have significantly
improved the safety and monitoring capabilities of various structures. However,

research in this field is ongoing, and further advancements are anticipated.

Future innovations may include the utilization of artificial intelligence and machine
learning algorithms to analyze the vast amount of data generated by PWAS-
based SHM systems, enhancing their predictive capabilities and enabling more

efficient maintenance strategies.

Furthermore, advancements in the manufacturing processes of PWAS may lead
to the integration of these devices directly into the construction materials, creating
self-sensing structures capable of continuously monitoring their own health

without the need for external sensors.

In, Structural Health Monitoring with Piezoelectric Wafer Active Sensors has
revolutionized the way structures are monitored and maintained. With their
sensitivity, multi-functionality, and cost-effectiveness, PWAS have proven to be a
reliable solution for early damage detection and localization. As technology
continues to advance, the future of PWAS and SHM holds great promise for

enhanced structural safety and longevity.
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Structural Health Monitoring with Piezoelectric Wafer Active Sensors, Second
Edition provides an authoritative theoretical and experimental guide to this fast-
paced, interdisciplinary area with exciting applications across a range of

industries.

The book begins with a detailed yet digestible consolidation of the fundamental
theory relating to structural health monitoring (SHM). Coverage of fracture and
failure basics, relevant piezoelectric material properties, vibration modes in
different structures, and different wave types provide all the background needed
to understand SHM and apply it to real-world structural challenges. Moving from
theory to experimental practice, the book then provides the most comprehensive
coverage available on using piezoelectric wafer active sensors (PWAS) to detect

and quantify damage in structures.

Updates to this edition include circular and straight-crested Lamb waves from first
principle, and the interaction between PWAS and Lamb waves in 1-D and 2-D

geometries. Effective shear stress is described, and tuning expressions between
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PWAS and Lamb waves has been extended to cover axisymmetric geometries

with a complete Hankel-transform-based derivation.

New chapters have been added including hands-on SHM case studies of PWAS
stress, strain, vibration, and wave sensing applications, along with new sections
covering essential aspects of vibration and wave propagation in axisymmetric

geometries.

» Comprehensive coverage of underlying theory such as piezoelectricity,

vibration, and wave propagation alongside experimental techniques

» Includes step-by-step guidance on the use of piezoelectric wafer active
sensors (PWAS) to detect and quantify damage in structures, including clear

information on how to interpret sensor signal patterns

» Updates to this edition include a new chapter on composites and new
sections on advances in vibration and wave theory, bringing this established
reference in line with the cutting edge in this emerging area
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