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A novel accelerometer based on a strain-chirped optical fiber Bragg grating (FBG) is proposed. The FBG is
glued in a slanted direction onto the lateral side of a right-angled triangle cantilever beam with a mass
bonded on its free end. Vertical acceleration applied to the cantilever beam leads to a uniform bending
along the beam length. As a result, the FBG is chirped and its reflection bandwidth changes linearly with

the applied acceleration. A high sensitivity of 0.679 nm/g has been achieved in the experiment. This sensor
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1. Introduction

Fiber Bragg gratings (FBGs) have attracted considerable inter-
ests in various fiber-optic sensor implementations for the past
two decades. In addition to the well-known advantages of fiber-
optic sensors such as electrically passive operation, immunity to
RFI and EMI, high sensitivity, compact size and potentially low
cost, FBG-based sensors have an inherent self-referencing capa-
bility and are easily multiplexed in a serial fashion along a single
fiber. The success of FBG-based sensors on the measurement of
strain has facilitated the modification of transducer designs that
can deal with other measurands such as acceleration [1-5]. Pre-
viously reported accelerometers relied on the demodulation of
reflected wavelength shift, but the wavelength shift is sensitive
to temperature. Additional temperature compensation techniques
are therefore necessary, which add to system cost and complexity.

In this paper, a novel temperature-insensitive accelerometer
based on a strain-chirped FBG is proposed. The FBG is glued in
a slanted direction onto the lateral side of a right-angled trian-
gle cantilever beam with a mass bonded on its free end. Vertical
acceleration applied to the cantilever beam leads to a uniform
bending along the beam length. As a result, the FBG is chirped
and its reflection bandwidth and power change linearly with
the applied acceleration. Furthermore, this sensor is temperature
insensitive, owning to the temperature-independence nature of
reflection bandwidth of the FBG.

* Corresponding author.
E-mail address: xydong@cjlu.edu.cn (X. Dong).

0924-4247/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.sna.2009.11.003

2. Design and principle

Fig. 1 shows the schematic diagram of the proposed FBG-based
accelerometer. A 3-cm long FBG was glued in a slanted direction
onto the lateral side of a right-angled triangle cantilever beam
with length L=16.5cm, width at the fixed end bg=3cm, thick-
ness h=0.5cm, and Young’s modulus of material E=3.3 x 10° Pa.
A mass was installed at the free end, with weight m=100g.
The FBG was deeply written in a hydrogen-loaded photosensi-
tive single-mode fiber with a scanning 244nm UV laser beam
using the phase-mask method. After fabrication, it was annealed
at 100°C for ~15h. The achieved FBG has a high reflectivity bet-
ter than 30dB, a central Bragg wavelength of 1556.10nm, and a
3-dB spectral bandwidth of 0.154 nm. After the FBG was glued onto
the lateral surface of the cantilever beam, the angle (0) between
the axis of the FBG and the neutral layer of the beam is 9.6°,
which is changeable depending on the length of the FBG and
the thickness of the cantilever beam. The cantilever beam was
fixed in a frame for the convenience of accelerometer measure-
ment.

When the cantilever beam is bent by applying a vertical accel-
eration on the sensor setup, the strain along the length of grating
has a uniform gradient since the cantilever is a uniform-strength
beam [6]. In this case, half of the grating is under a varying tension,
whereas the other half is under a varying compression. The FBG is
chirped by this strain field and its reflection spectrum is broadened
with increase of acceleration. The strain on the neutral layer of the
beam is zero; hence no change in wavelength happens to this seg-
ment of grating. If the center of the grating is located well to the
neutral layer of the beam, the center wavelength of the grating may
keep fixed during the accelerating process.
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Fig.1. Schematicdiagram and experimental system of the proposed FBG accelerom-
eter.
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Based on the analysis previously reported by some of the authors
in Ref. [6], the curvature of the cantilever beam, when the beam is
bent, is uniform along its length due to the special triangle design.
That ensures an equal variation in chirp rate along the FBG and
finally helps to maintain a uniform reflectivity against wavelength
for the reflection spectrum after the FBG is chirped significantly.
The variation in the FBG’s bandwidth, A A, is related to the vertical
displacement, f, of the mass at the free end of the beam by [6]

Adke =Ar x f, (1)

where Ay = C(1 — pe)ApcLgL =2 sin(20) is a constant determined by
the following parameters, C (0<C<1), a constant that represents
the efficiency of the strain transfer from the beam to the grating;
De, the effective photoelastic constant (~0.22) of the fiber material;
Ape, the central wavelength of the FBG; Lg, the length of the FBG;
and L and 6 which were afore assigned. When the cantilever beam
is bent by applying a vertical acceleration a on the sensor setup,
the mass will produces a vertical displacement on the beam. The
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acceleration, g, is related to the displacement of the mass by [7]
Kxf~mxa, (2)

where K = Ebgh3/6L3, is the equivalent stiffness of the cantilever
beam. So the bandwidth, A\, of the FBG under an applied accel-
eration of g, is given by

Ahe = Ay x a, 3)

where Ay = 6C(1 — pe)ApcLgLm sin(20)/Eboh® is a constant for a
certain sensor setup. Due to the existence of the mass, the beam
is bent even there is no acceleration and the reflected spectrum
of the FBG has an initial bandwidth Aig of 0.721 nm. As C=1 (the
ideal condition)is assumed, the calculated value of A, is 0.953 nm/g,
based on related parameters of the experimental setup. It can be
seen from Eq.(3) that the acceleration can be measured by detecting
the reflected bandwidth.

It is important to note that the sensitivity of the sensor can be
easily adjusted by changing values of the following parameters, b,
L, h, Lg and the mass m. Provided that a broadband light source with
flat output power in terms of wavelength is used as the light source,
intensity-modulated acceleration measurement by monitoring the
reflected optical power of the strain-chirped FBG is also obtainable.
In that case, related studies show that a linear output signal can be
achieved in a large measurement range based on the length and
reflectivity of the used FBGs [8,9].

3. Experimental results and discussions

In the experiment, the sensor system was measured with
directly applying forces to the mass to simulate the effect of accel-
eration changes since a real acceleration-controlled measurement
system is not available. With different equivalent accelerations
being applied on the sensor setup, the reflected spectrum of the
FBG was measured by using a gain-flattened amplified spontaneous
emission (ASE) source, an optical spectrum analyzer (OSA) with a
resolution of 0.05nm and a photodetector (PD). Fig. 2 shows the
measured reflection spectra at different accelerations of 0g, 2 g,
4 g, and 6 g. With increasing the acceleration, the bandwidth of the
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Fig. 2. Measured reflection spectra of the FBG under various accelerations of a=0g (a), 2g (b),4g(c)and 6 g (d).
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Fig. 3. Measured bandwidth and optical power versus acceleration for the
accelerometer.
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Fig. 4. Measured 3-dB bandwidth versus temperature.

reflected spectrum increases as aresult of the acceleration-induced
strain gradient chirp on the grating period. Although the reflectivity
isreduced significantly and the tops of the reflection spectra are not
quite flat, we managed to record the 3-dB bandwidth and reflection
optical power. Better reflection spectrum can be achieved by using
a longer FBG and/or improving the gluing quality of the FBG to the
lateral surface of the cantilever beam.

The measured 3-dB bandwidth and reflected optical power ver-
sus the applied acceleration on the sensor setup are shown in Fig. 3.
The achieved sensitivity is 0.679 nm/g, smaller than the theoretical
value of 0.953 nm/g, indicating that the real strain transfer effi-
ciency constant C is only 0.71, which can be improved by using
a better adhesive or techniques such like making a groove on the
beam surface to embed the FBG. The weight of the mass is critical
to the sensitivity of the accelerometer. Using a heavier mass leads
to a bigger sensitivity, but the measurement range of the acceler-
ation will be reduced because there is a tradeoff between the two
parameters. It is obvious that the variation in reflected power is not
linear when the acceleration exceeded 3 g because of the obvious
reduction in reflectivity of the FBG. A FBG with a longer length and
a higher reflectivity will be helpful to increase the linear response
range.

During the monitoring process, the measured maximum varia-
tion in the center wavelength is only 0.04 nm, which is neglectable
and maybe caused by a small mismatch between the center of
the FBG and the neutral layer of the cantilever beam, as well as
variations of ambient temperature.

If the sensor is subjected to temperature variations, the Bragg
wavelength will therefore shift as a result of the thermo-optic
effect and the thermal expansion. However, this wavelength shift

will not affect the reflected bandwidth and optical power signals.
Measured results by putting the FBG accelerometer into an oven
under different accelerations (vertical displacements) and varying
the temperature are shown in Fig. 4. Small variations of 0.02 nm
in the reflection bandwidth are mainly due to the vibration of the
oven fan.

4. Conclusion

In this paper, a novel temperature-insensitive FBG accelerom-
eter has been proposed. The FBG was glued in a slanted direction
onto the lateral side of a right-angled triangle cantilever beam with
a mass bonded on its free end. Vertical acceleration applied to the
cantilever beam leads to a uniform bending along the beam length.
As aresult, the FBG is chirped and its reflection bandwidth changes
linearly with the applied acceleration. In the experiment, a high
sensitivity of 0.679 nm/g has been achieved with a large measure-
ment range of 6.5 ¢.
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