Simple multiplexing scheme for fibre Optic grating sensor network
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Fig. 1 The sensor-receiver grating pair.

_ This system can be further extended by deploying additional sensor arrays in parallel, as shown in fig. 2. The receive:
gratings are now all mounted on the same PZT which is driven with a serrodyne waveform such that all grating pairs will
mucha:fepa-cyde.emblingmesuﬁnofethmbedwmm TDM is used to sequentially interrogate each serial
network of sensors.
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Fig.2 Multiplexing scheme for many gratings.
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3. EXPERIMENT

kahumwbemdmwwhkhdenmm&edemdﬁuuhgofmﬁcmhwmmﬁmmaﬁmplemm
system. The experimental arrangement is shown below, fig. 3. The network was illuminated with a 1.55um ELED ( OK1-
SOGG)mvﬁd:abmdwidth(FWHM)of?Onm.andtbehmcbedpowwlmw. The two grating pairs reflected at
centre wavelengths of 1549.940.1nm and 1534.8+0.1nm respectively in the unstrained case. The spectral response of the two
gratings is shown in figure 4.
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Fig. 3 Experimental arrangement for the servo-controlled simple multiplexing scheme.

The response of the combined sensor/receiver pair is the convolution of their individual responses. An AC
moduhﬁonwuappliedmﬂwmboldhgmeivergnﬁngc'l. This has the effect of producing an AC signal proprtional to
the derivative of the continued response.

Initiallymcservo-conuolsymwasdisconnecwdmdmeouwunwlock-innmimedumevolmdﬁvinglhe
sensor PZT was increased. The results are shown in figure 5. The servo-control system was then connected and the reference
volugeVntadjuswdwmmethesymnwlockwtheeenueofdwmferfuncﬁmuindiawdmﬁgms. Once the
syswmhadbeensctupinmisway.myvuiaﬁmmmemmﬁngwninmmﬁmedbyacampoodingchngemmt
receiver grating PZT voltage.
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Fig.4 Normalised transmission spectra of grating pair 1
( the top trace is the sensor grating and the bottom trace is the receiver grating )
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Fig. 5 Detector output when the detector grating is oscillated relative to the sensor grating.

As can be seen from fig. 6, the relationship between the sensor and receiver grating voltages, is linear except for
sensor voltages above about -300V. The non-linearity is probably due to the fibre containing the gratings being slightly
slackwhennovoltagcisapplicdlolthZTandmeﬁbrehastobemuionedbefmthevolugemsmePZTis
proportional 1o the strain produced in the sensing fibre. Bdw-mvuwmmumquiwlinw.W

nity due t0_cach PZT requiring a different voltage to provide the same strain. The r.m.s. deviation lincanty
) hal'd re. 8. ICrO-SUrdiny 1S achiey g Sensor sensitivity of Sue/volt.
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Fig. 6 Recciver grating G'1 locked to sensor grating G1.
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The technique presented here allows simultancous signal recovery from a number of sensors. The number of grating
sensors which can be deployed on the fibre depends upon the maximum strain level 10 be measured and the dynamic range
required of each sensor. For a range of 1me, the change in the Bragg wavelength is 1.5nm. With a source bandwidth of
50nm up to 30 sensors could be deployed on the fibre. If a larger number of sensors or a greater range is required, then several
fibres with similar numbers of sensors could be deployed with TDM being used to sequentially interrogate each serial array..
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