Fiber optic mechanical vibration sensor
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Abstract. A novel cantilever-type fiber Bragg grating (FBG) mechanical vibration sensor has
been proposed with an excellent sensitivity through the use of the mechanical axial property of a
suspended optical fiber with two fixed ends, enhancing the sensitivity and the resonant frequency.
The experimental results show a resolution of 0.006g (where g represents the gravitational
acceleration of 1g = 9.81 m/s?), a resonant frequency of 227.3 Hz and a working bandwidth range
of 10-210 Hz. The linearity and relative sensitivity errors are 1.9 % and +4.4 %, respectively.
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1. Introduction

The fiber Bragg grating (FBG)-based vibration sensors compared with the traditional
electronic vibration detection sensors offer the advantages of electromagnetic interference (EMI)
and radio frequency interference (RFI), signal multiplexing capability, signal transmission over
long distances without the need to resort to amplifiers, size miniaturization and light weight,
because the wavelength is the absolute parameter [1-4]. In recent years, the FBG sensors have
been extensively applied in on-site measurements for structural health monitoring (detecting the
strain variations), in many industrial sectors due to their remarkable attributes [5-7]. And through
a designed mechanical structure, the FBG sensor converts the vibration into strain signal and this
structure owns a higher frequency compared with the civil engineering field.

2. Principle of operation

The presented sensor has been built to maximize the strain and the resonant frequency, by
taking advantage of the axial property of the fixed FBG between cantilever tip and the sensor
frame. The schematic structure of the sensor is shown in Fig. 1. This sensor mainly consists of a
cantilever beam and an 18.69 grams mass block at the tip of the beam fabricated with aluminum
7075, and a FBG (with a A = 1550 nm is the central wavelength of the FBG, modulus of elasticity
is E = 2.40 GPa and a cross-sectional area of 245 um with the protective coating, for standard
fiber SMF-28 [8, 9]) suspended with two ends fixed on the sensor housing frame and the
cantilever tip.
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Fig. 1. Schematic structure of the FBG sensor
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3. Experiments

The schematic diagram and experimental setup are shown in Fig. 2. The exciting vibration
signals were induced by a STEREN BOC-200 speaker placed below the sensor, and the different

frequencies were generated by an AGILENT 33521A function waveform generator driver.

In order to obtain the resonant frequency of this sensor, the cantilever was set to oscillate freely
due to the gravitational acceleration (1g) and there wasn’t any external vibration from BOC-200.
As seen in Fig. 3, the sensor frequency spectra were obtained, and these spectra allowed for the
resonant identification of each data test. By repeating 7 times the experiment, the measured mean
natural frequency of the sensor prototype was 227.3 Hz.
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Fig. 2. Experimental setup: a) schematic diagram; b) physical prototype

3.0x10%

2.0x10° 4

Amplitude (VRMS)

~227.3 Hz

Frequency (Hz)
Fig. 3. FFT from the sensor signals.
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To obtain the working bandwidth range, the experiment was repeated 3 times. The exciting
vibration signal was changed from 0.05 Hz up to 250 Hz at 1g. The measured frequencies with
the proposed FBG vibration sensor have been displayed in Fig. 4. The results indicate that the

working bandwidth range is within 10-210 Hz.
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Fig. 4. Frequency-amplitude response curves of this vibration sensor
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In the absence of an output signal from the exciter, the cantilever beam keeps oscillating freely
at 1g. The Fig. 5 shows the vertical acceleration changes obtained by the sensor (with a resolution
of 0.006g), as a function of the optical signal changes registered with the FBG interrogator
(wavelength displacements). By using a 1 picometer resolution FBG interrogator it was possible
to measure small accelerations, because the wavelength shifts-acceleration ratio [9, 10] is:

A-E-AA
9=08-21-m M
where A is the FBG’s cross-sectional area, E is a constant of proportionality known as the
modulus of elasticity for FBG, m is the applied mass, 4 is the central wavelength of the FBG, A4
is the Bragg wavelength shift, and g is the gravitational constant (9.81 m/s?).

The recorded accelerations correspond to an excitation about 1 g and an effective operational
frequency of 204.6 Hz near to the resonance frequency of 227.3 Hz, in the test room.
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Fig. 5. Acceleration experienced by the sensor

4. Conclusions

A favorable experimental mean acceleration of 0.9 g was achieved, which led to the creation
of a probe that uses the fiber optic with the FBG as a spring, which can not only enhance the
cantilever natural frequency but can also linearly and uniformly strain the Bragg grating to
increase its sensitivity to the vertical accelerations. This sensor can measure (with an excellent
linear response) vertical oscillating applied signals, which can capture input signals of less than
227.3 Hz, as seen in Fig. 3-4.

The recorded acceleration is due to other frequency components detected, such as workshops,
people walking, and other experiments conducted near the laboratory.

Among the highlights of the presented design are cost effectiveness, high resolution, simple
setup, portability, etc. Besides, for the sake of free external vibrations, it was used a vibration free
optical table.
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