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Abstract

A fibre Bragg grating pressure sensor with enhanced sensitivity has been demonstrated, using
a grating housed in a glass bubble. This configuration increases the pressure sensitivity and
effectively reduces the thermal crosstalk by a factor of 4. A pressure resolution of 0.5% over
a full measurement range of 14 MPa has been achieved. This concept could lead to a range

of sensors using fibre gratings with mechanical amplifiers to enhance sensitivity.

Introduction: Fibre grating sensors are of considerable interest for a number of sensing
applications [1]. However, the thermal sensitivity of the fibre grating sensor may complicate
its use as a pressure or strain gauge. This thermal crosstalk problem has been resolved by
various methods. These include compensating for temperature using a second grating in a
different material[2]; simultaneously measuring strain and temperature using two superimposed
fibre gratings[3]; positioning surface-mounted fibre gratings to cancel the thermal response[4];
and making the fibre grating temperature-independent using a chirped fibre grating in a
tapered fibre[5]. However, such correction methods are likely to work better if the measurand-
sensitivity can be enhanced. In this letter we describe a novel fibre grating pressure sensor
using a glass-bubble housing (see Fig.1). Because of the greater mechanical compliance of the

hollow glass bubble, a much higher sensitivity is achieved.



Theory: When the glass bubble is pressurised, the fractional change in the diameter of the

glass bubble Ad/d due to a pressure change AP is given by[6]:

Ad__dd-p) \p 1)
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where E, y, and t are the Young’s modulus, Poisson’s ratio, and wall thickness of the glass
bubble, respectively. Assuming good bonding between the fibre and the glass bubble, the
pressure-induced strain in the grating is equal to the fractional change in the diameter of the
bubble Ad/d. Then the pressure sensitivity, defined as the fractional change in Bragg

wavelength AAg/Ag, is given by[1]:

AL -
_B=(1_pe)_A_d_=o,17ﬂ,1_ii)_Ap (2)
Ag d Et

where p,=0.22 is the effective photoelastic constant for silica[1]. It can be seen from Eq.(2)
that the pressure sensitivity can be enhanced by choosing a larger or thinner-walled bubble.
However, a compromise has to be made between the desired pressure sensitivity and the
maximum measurement range, limited by the collapse of the bubble. The observed implosion

pressure for the bubble we used was 14 MPa.

Experiment and results: Fig.1(a) depicts the experimental setup. Light from a 1300 nm fibre-
pigtailed ELED was coupled via a fibre coupler into the sensing element shown in Fig.1(b).
The sensing element was installed within a cavity of a high pressure vessel. Pressure was
applied using a hydraulic pump and measured using a commercial precision pressure
transducer (Druck PDCR 960). The fibre grating was installed in a glass bubble blown in a
Pyrex glass capillary tube. The fibre outside the grating region was bonded using UV-curing
cement into short sections of the residual capillary tube attached to the bubble. Since the

mechanical compliance of a glass-bubble is much higher than that of a solid-glass fibre



grating, the glass bubble acts as a mechanical amplifier. Pressure sensitivity is therefore
enhanced, whereas the temperature sensitivity is not enhanced, due to the similar thermal
expansion coefficients of the fibre grating and the glass bubble. The pressure-induced Bragg
wavelength was accurately monitored using a wavelength tracking system based on an
acousto-optic tunable filter. This system has been previously demonstrated for precise tracking
of Bragg wavelength shift of fibre grating sensors[7,8] and for monitoring fringe shifts in
interferometric sensors[9].

Fig.2 shows the measured pressure response of the fibre grating, housed within a
5.5mm diameter gléss bubble of approximately 500um wall thickness. Using values of 7x10"
N/m? for Young’s modulus, and 0.2 for Poisson’s ratio, the predicted pressure sensitivity from
Eq.(2) was -24x10/MPa. The measured pressure sensitivity was -21.2x10%/MPa, which
matches well with that theoretically predicted. Since the pressure sensitivity of a normal fibre
grating is only -5.1x10%/MPa [10], the pressure sensitivity has been enhanced by more than
a factor of 4 for this particular glass bubble. In addition, the temperature sensitivity of the
sensor was measured to be 6.1x10°%/°C, a typical value for a normal fibre grating[10]. Hence,
the effect of thermal crosstalk has been reduced by a factor of 4, so less thermal compensation
will be required. The dynamic response (see Fig.3) was also measured. The Bragg wavelength
was tracked over 80 seconds as a periodic pressure pulse of 6.8MPa (peak-to-peak) was
applied. The measured pressure resolution was 68.8kPa (10psi), corresponding to a pressure
resolution of 0.5% over the full measurement range to the implosion limit. For higher pressure
measurement, a smaller or thicker-walled bubble could be used. Alternatively, the pressure

sensitivity could be increased further by choosing a larger sphere of the same wall thickness.

Conclusion: We have demonstrated a new technique to enhance the pressure sensitivity of

fibre Bragg grating sensors using a glass-bubble housing. For the initial experiment, the



sensitivity was increased by a factor of 4, but could be further improved by optimising the
glass bubble design. This is believed to be the first report on using mechanical amplifiers to

enhance the sensitivity. Such concepts could form the basis of various fibre grating sensors.
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Figure captions

Fig.1 (a) Schematic of experimental setup. (b) Sensing element: fibre grating housed in a
glass-bubble.

Fig.2 Tracking of pressure sensor. A linear fit of the measured data gave a enhanced pressure
sensitivity of -21.2x10/MPa.

Fig.3 Dynamic pressure monitoring when a pressure pulse of 6.8MPa was applied.
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