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Abstract

This paper presents di erent mechanical transducers designed to perform acceleration measurements with an optical fiber. The
transducer subjected to a vibration deforms the fiber, inducing a birefringence variation that leads to the modulation of the light
state of polarization. The di erent transducers are numerically and experimentally studied. In particular, the resonance frequencies
and sensitivities are compared. For accelerations applied along the sensing axes, resonance frequencies from 1500 Hz to 3950 Hz

are measured, with sensitivities that range from 4

10 *rad (m s?) to 1

10 3 rad (m s?). However, lower-order vibration modes

exist, that lead to high transverse sensitivities. A method to reduce these transverse sensitivities is presented.
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1. Introduction

Vibration measurements are of high importance in structural
health monitoring. Vibrations applied on a mechanical struc-
ture such as a bridge or an airplane wing can lead to the appear-
ance of damage. Furthermore, the characteristics (amplitude,
frequency range) of a vibration generated by a mechanical de-
vice can be influenced by the presence of damage. Vibration
measurements are therefore useful for maintenance purposes.

Several studies have investigated the design of accelerome-
ters based on optical fibers [1, 2, 3, 4, 5]. Optical fibers are
small and lightweight. They can be used in harsh environments,
in the presence of high temperature, aggressive chemicals or
electromagnetic fields. They allow furthermore to perform dis-
tributed measurements (the measurand value can be obtained
continuously along the fiber) or quasi-distributed measurements
(the measurand value can be obtained at several locations along
the fiber).

Di erent light properties can be used to perform the measure-
ment: power, phase (in interferometric techniques), wavelength
(mainly used with the Bragg gratings technology) or state of po-
larization (SOP). The approach presented in this paper is based
on the SOP measurement. Polarization-based sensors do not re-
quire highly stable and narrow-band laser sources, which is the
case for interferometry techniques. Moreover they show a low
temperature sensitivity, contrary to Bragg gratings sensors.

In order to perform the acceleration measurements, a me-
chanical transducer must be used. The transducer converts the
acceleration into fiber deformation, which induces a birefrin-
gence variation within the fiber. The aim of this paper is to
propose and study di erent transducer designs. Numerical and
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experimental results will be presented to compare the resonance
frequencies and sensitivities associated with the transducers.
Accelerations applied along or perpendicular to the sensing axis
will be investigated, in order to determine the nominal or the
transverse sensitivities respectively.

A first transducer based on a flexible aluminium beam is pre-
sented to validate the technique. As itis cumbersome, a smaller,
parallelepipedic transducer based on two steel parts linked by
a silicone resin is proposed. However, numerical simulations
show that the transducer response for transverse vibrations is
higher than for vibrations parallel to the sensing axis. It is then
proposed to fix the transducer on an U-shaped basis in order to
reduce the transverse sensitivity.

First results about the aluminium beam sensor were pre-
sented in [6]. The nominal sensitivity was measured and sim-
ulated with the Abaqus software. In this paper the sensor re-
sponse to a transverse excitation will also be numerically stud-
ied (the vibration modes and transverse sensitivities will be de-
termined).

The parallelepipedic transducer without the U-shaped basis
has already been presented in [7]. The nominal sensitivity and
the resonance frequencies were measured and computed with
Abaqus. In this paper, the transverse sensitivities will also be
computed. Due to the high values obtained, the U-shaped ba-
sis has been designed. The behaviour of the parralelepipedic
sensor fixed on the U-shaped basis will be investigated in this

paper.

2. Background and experimental Set-up

Birefringence occurs in an optical fiber when its circular
symmetry is broken. In this case, there exist two orthogonal
states of polarization called eigenmodes, that propagate with
di erent speeds. Due to the speed di erence, the optical phase
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