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Abstract
The term Structural Health Monitoring has gained wide acceptance in the recent past
as a means to monitor a structure and provide an early warning of an unsafe condition
using real-time data. Utilization of structurally integrated, distributed sensors to
monitor the health of a structure through accurate interpretation of sensor signals and
real-time data processing can greatly reduce the inspection burden. The rapid
improvement of the Fiber Bragg Grating sensor technology for strain, vibration and
acoustic emission measurements in recent times make them a feasible alternatives to
the traditional strain gauges transducers and conventional Piezoelectric sensors used
for Non Destructive Evaluation (NDE) and Structural Health Monitoring (SHM).
Optical fiber-based sensors offers advantages over conventional strain gauges, PVDF
film and PZT devices in terms of size, ease of embedment, immunity from
electromagnetic interference(EMI) and potential for multiplexing a number of
sensors. The objective of this paper is to demonstrate the feasibility of Fiber Bragg
Grating sensor and compare its utility with the conventional strain gauges and PVDF
film sensors. For this purpose experiments are being carried out in the laboratory on a
composite wing of a mini air vehicle (MAV). In this paper, the results obtained from
these preliminary experiments are discussed.

1. Introduction
Structural Health Monitoring (SHM) is
the process of establishing some knowledge
of the current physical condition of a
structure. The essence of SHM technology
is to develop autonomous built-in systems
for the continuous real-time monitoring,
inspection, and damage detection of
structures with minimum labor involvement
[1]. A successful technology for SHM has
enormous potential for applications in
monitoring aerospace structures subject to
fatigue, corrosion, or impacts, subject to
severe loads or structural deterioration. A
great deal of research in SHM has begun in
the past thirty years, aiming at establishing
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effective methods for health monitoring in
civil, mechanical, and aerospace structures.
The goal of a structural health monitoring
(SHM) system is to detect, locate, and
identify damages in a structure during its
lifetime. From these evaluations, one
determines appropriate mitigation actions to
be taken, if applicable, and estimates the
lifetime of the damaged structure. Ideally,
such estimates should be made in semi-realtime during actual loading of the structure.
Thus a successful SHM system would
decrease catastrophic losses and become
cost-effective as compared to regularly
scheduled inspections [2]. The SHM must
also be durable over the intended lifetime of
the structure.
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Fig. 1: MAV wing with FBG & Strain gauge

Fig. 2: Schematic representation of experimental setup for strain measurement using FBG &
conventional strain gauges

The concept of structural health
monitoring is particularly important for
fiber reinforced composites due to the
complexity of the possible failure
mechanisms [3]. The interactions of these
various
mechanisms
make
lifetime
predictions
of
composite
structures
extremely difficult and relatively uncertain.
In addition, critical damage, assumed to be
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detected during scheduled inspections, is
often non-visible on the surface of the
laminated structure, necessitating embedded
sensing systems. Due to the large range of
failure mechanisms available for composite
laminates, identifying the form of the
damage, rather than strictly its size and
location, is also crucial to make accurate
lifetime decisions.
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Fig. 3: Reflected spectrums under loading
and unloading

becoming reliable and stable embedded
measurement devices for fiber-reinforced
composites [4-5]. Their greatest advantage
is the ability to multiplex different types of
strain sensors into a single, embedded
measurement fiber, reducing the number of
ingress and egress points required.
However, as with any choice of embedded
sensor, fiber optic sensors are only useful
for SHM systems if they can be integrated
reliably into the host structure and the
sensor measurements related to the physical
changes of concern. Therefore, in this paper
we compared the performance of FBG
sensor with RSG on a MAV wing. And also
we
compared
PVDF film sensor
performance with PZT sensors.
2. Fiber Bragg Grating Sensor Theory

Fig. 4: Reflected spectrum of FBG under
loading

A fiber-optic Bragg grating (FBG) is a
permanent, periodic perturbation of the
refractive index which is laterally exposed
in the core of an optical fiber, extending
over a limited length of the fiber [6]. The
grating is characterized by its period,
amplitude and length, usually 1–20 mm.
Such a periodic structure acts as a filter for
light traveling along the fiber line. It has the
property of reflecting light in a
predetermined range of wavelength centered
around a peak wavelength value. This value,
the Bragg wavelength λ B , is given as
follows:

λ B = 2neff Λ

Fig. 5: comparison of FBG strain reading
with conventional strain gauge

Due to significant improvements in
ingress/egress packaging and signal
processing, fiber optic sensors are rapidly
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(1)

where Λ is the grating period and neff is
the mean effective refractive index in the
grating region. External forces such as
strain, pressure or a temperature change lead
to changes in the grating period and in the
effective refractive index. Consequently, the
wavelength of the light reflected from the
grating varies. The relative shift of the
Braggwavelength for an applied strain along
the fiber axes ε z and a temperature change
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∆T is, in a first approximation, given as
follows:

∆λ B

λB

= C ε ε z + C T ∆T

(2)

where Cε and CT are material constants
usually determined from calibration
experiments. Typical values for the relative
shift of the Bragg wavelength are ~10 pm
K−1 for the temperature sensitivity and ~1.2
pm/µstrain for the strain sensitivity in the
1500nmwavelength region. The use of
Bragg gratings as strain or temperature
sensors demands a high resolution
interrogation system with a high absolute
accuracy. Such a system can be based on a
tunable laser and a high precision
wavelength measurement and attachment
unit as described in [8].

3. Experimental Details
Investigation of performance of Fiber
Bragg Grating Strain sensor was conducted
to determine its sensitivity and efficiency
compared to the conventional strain gauge.
For this purpose Experiment was conducted
on a Mini Air Vehicle (MAV) wing shown
in Fig. 1. And experimental set-up is shown
in Fig. 2. Broad band light source with
inbuilt 3dB coupler was used to input the
light in to FBG sensor and the reflected
output spectrum was monitored using
Proximion WISTOM (C-Band 1524 – 1570
nm) Optical Layer Monitor (OLM).
Acquired data was recorded using personal
computer. And Syscon strain indicator was
used for conventional strain gauge reading.
Load was applied at the tip of MAV wing
using the dead weights with 1kg increment.

4. Results and Discussions
At first, the bonding performance of FBG
was analyzed by observing the reflected
spectrum during loading and unloading as
shown in Fig. 3. It is clear that there is no
hysteresis in the spectrum and the reading
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was repetitive which means there is perfect
bonding between test specimen and FBG.
Then the gradual load applied from 1kg
to 4kg on the tip of MAV wing and
reflected spectrum from FBG and strain
indicator reading was recorded, Fig. 4
shows the reflected spectrum from FBG at
2kg and 4kg load, it is observed that the
spectrum shifted towards left which means
FBG subjected to the compressive strain.
This shift in wavelength will be converted
into strain using the coefficient factor (~1.2
pm/µstrain for the strain sensitivity in the
1500nmwavelength region).
And the comparative results of FBG and
conventional strain gauge readings were
plotted in Fig. 5, it is clear that, FBG strain
readings fallowed the same trend as
conventional strain gauges.
The result was comparable with the
results shown by Robert F. Anastasi and
Craig Lopatin [8]. There is small difference
in strain reading from conventional strain
gauge and FBG; this is due to the FBG
strain gauge, which is having dominant side
lobe which caused the multiple reflections
and also there is some misplacement
between the RSG and FBG sensor.

5. Conclusion
The ultimate objective of establishing
Structural Health Monitoring (SHM) system
is to continuously monitor and assess the
status of the integrity of a structure or its
components with a high level of confidence
and reliability. The combination of
advanced composite manufacturing and
pioneering optical technology has produced
an optical fiber strain system capable of
monitoring loading in structures where
previously it had been impossible. Fiber
Bragg grating (FBG) sensors are more
durable and sensitive than conventional foil
strain gauges. They are therefore suitable
for structural health monitoring for large
structures. This paper compared the
performance of FBG sensor with
NDE-2006
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conventional rosette strain gauge, results
shows that FBG sensors are as good as
rosette strain gauges in strain measurement.
This work is a first step towards the
development of embedded sensors for fiber
reinforced composites that are “self
evaluating".
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