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Foreword

Since the development and deployment of optical fiber for communications in the
1970s, the application of optical fibers as sensors for a wide variety of measurands
has been the subject of extensive research and has resulted in the development of
a wide variety of sensor types for a vast range of areas, from the macro scale, for
example, structural sensing for bridges and other civil structures, to the nanoscale,
for biological and chemical sensing.

Compared with conventional electronic sensors, optical fiber sensors offer useful
advantages such as high sensitivity, compact size, light weight, immunity to elec-
tromagnetic field interference, the capability to work in high-temperature environ-
ments, and the potential for remote operation. Optical fiber sensors can be classified
as either point sensors, sensing a measurand at a single point, or distributed sensors,
in which case sensing takes place in a continuum over distances that can range from
centimeters to tens of kilometers.

Composite material structures are widely used in the aerospace, marine, aviation,
transport, and civil engineering industries. They offer high strength coupled to light
weight by comparison with traditional metal and other alternatives. However, as with
all structures, composite structures are frequently subjected to external perturba-
tions and varying environmental conditions, which may cause the structures to suf-
fer from fatigue damage and/or failures. Thus, real-time structural health monitoring
is needed in many applications, with the expectation that the structural health moni-
toring will be possible at all times during the working life of the structure. The goal
of structural health monitoring is to detect, identify, locate, and assess the defects
that may affect the safety or performance of a structure.

Sensors that are commonly employed for structural health monitoring are resis-
tance strain gages, fiber optic sensors, piezoelectric sensors, eddy current sensors,
and micro-electromechanical systems sensors. Traditional nondestructive evaluation
techniques such as ultrasonic inspection, acoustography, low-frequency methods,
radiographic inspection, shearography, acousto-ultrasonics, and thermography are
effective for structural health monitoring of composite materials and structures, but
are difficult or impossible to use in an operational structure due to the size and weight
of the systems involved. Fiber-optic sensors, on the other hand, are very suitable can-
didates for structural health monitoring in composite materials during operation,
since they are capable of achieving the goals of diagnostics as well as condition mon-
itoring and can be embedded into such structures. Over the last decade and more,
fiber-optic sensors embedded in composite structures have been shown to be capable
of monitoring stress/strain, temperature, the composite cure process, vibration, ther-
mal expansion, humidity, delamination, and cracking. The potential of optical fiber
sensors for condition monitoring of composites has been a major foundation of the
emergence of so-called smart composite structures, where the sensors act in many
ways as the equivalent of a human nervous system for the material and structures.

This textbook provides a comprehensive overview of structural health monitor-
ing for composite structures using fiber-optic methods. Drawing on the extensive

xi
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experience of a wide range of distinguished contributors, this textbook covers the
variety of topics relevant to structural health monitoring in composite materials. The
book opens with a chapter covering the useful prerequisite of fabrication methods in
advanced composite structures. The topic of structural health monitoring methods for
composite materials in a general sense is then considered to put the use of fiber-optic
sensors into a larger perspective. This is followed by an overview of fiber-optic sen-
sors, covering a variety of sensor types and operating principles. In the chapter that
follows, more specific coverage of fiber Bragg grating sensors is provided. Fiber Bragg
gratings are one of the most common sensor types deployed in composite structures
for structural health monitoring by point sensing, offering high sensitivity to strain
and a mature, well-understood technology base. While multiple fiber Bragg gratings
can be used for sensing at a number of points in a structure, for true distributed sens-
ing, sensors such as polarimetric sensors and sensors based on scattering in fibers are
used, and thus, a chapter is dedicated to such sensors. In the next chapter, fiber-optic
acoustic emission sensors are addressed. Such sensors are a promising approach to
detecting critical precursors to structural failure, such as crack growth and delamina-
tion. The complex topic of strain transfer within a composite structure is considered in
the chapter that follows, reflecting the real-world importance of a good understanding
of how sensors interact with the host material when embedded in composite materials.

Given the rapid rise in the use and applications of composite structures, compos-
ite fabrication and production is a topic of great importance. Live monitoring of the
production process is increasingly the norm for complex and high-cost composite
parts, and a chapter is dedicated to the use of optical fiber sensors for monitoring
process parameters such as cure rate and temperature.

The chapters that follow cover a range of very topical and useful application areas
for optical fiber sensors. Composite bridges are a novel approach to one of the most
common civil engineering structures in use, and a chapter is thus dedicated to their
monitoring and evaluation. In the chapter that follows, smart composite textiles with
embedded optical fibers are considered. Textiles with embedded sensors are proving
to be an attractive development with applications from large scales, in monitoring
soil movement, to smaller scales, for sensing in smart clothing for medical applica-
tions. The chapter that follows considers the applications of sensors in the aerospace
industry, reflecting the massive growth that has taken place in the last decade in the
deployment of composites in aircraft to reduce weight and thus lower fuel usage.
The subsequent chapter then describes recent advances in sensing in smart fiber-
reinforced plastic and fiber-reinforced polymers. Finally, the closing chapter consid-
ers the case study of SHM for curved composite structures.

Through a combination of a wide variety of related topics in SHM for composite
materials, this textbook is an invaluable reference for those who work with composite
materials and structures. The material is suitable for scientists and engineers working
in the field as well as undergraduate and graduate students studying or carrying out
research in mechanical, mechatronic, structural, biomedical, and electrical engineering.

Professor Gerald Farrell,
Director, Photonics Research Centre
Dublin Institute of Technology, Ireland
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