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Abstract

In this work, an analysis of a proposed opto-mechanical setup to the implementation of a Fiber
Bragg Grating (FBG) tri-axial accelerometer applied to military purpose is made. The detection
scheme aims to minimize the thermal drift and the transverse and axial accelerations coupling
effects on the final measurements, and those influences are estimated as well as the signal intensity
change that is sensed by the detector.

I ntroduction

Accelerometers are largely employed in military and industrial applications such as vibration monitoring, inertial
navigation and feedback of unstable aerodynamical structures. They are defined as devices that are capable of
generating an electrical signal proportional to the acceleration of the surface in which they are attached to.

In modern days, the most common accelerometers are based on piezoelectricity. Other possible configurations
include accel erometers based upon micromachines and fiber Bragg gratings (FBG).

In order to implement a FBG accelerometer, it is necessary to use a pre-stressed fiber Bragg grating, which is
attached to an inertial mass. Setups like this can be purchased nowadays, but optimized to industrial applications
where the interrogating system is isolated from vibrations. For military applications, these systems must allow
that the interrogator travel together with the vehicle, passing through the same conditions as the sensor.

In this work, a FBG accelerometer is modeled for military applications. In order to satisfy the rigorous military
standards, the thermal drift and coupling between the different transverse and axial accelerations are minimized.
The mechanical setup consists of an inertial mass supported by six fibers, each containing a FBG, as illustrated
in Figure 1.

i
Figure 1. accelerometric mass supported by six FBGs.
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Initialy, it is assumed that the pesk wavelength of the refledivity spedra of ead grating follow the expresson
below [1]:

)\Bragg(e) = )\Bragg + }\Bragg S, (1-pe) D

where Sz is the strain of the fiber in its axial diredion, Aggq iS the peek wavelength of the FBG refledivity
spedrum, and pe is the dastic-opticd coefficient of the used fiber. Measurements in our fibers indicate that
(1—pe) isabout 0,76 ™.

The next step is to cdculate the aia strain of eadh FBG, considering the dfeds of the six fibers and the
acceéeration of the system. The final expressonis obtained as,

4L [CALAE
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with m being the inertial mass a the aial acceeration, AL the fiber strain in the aial diredion, L the initia
length of the fiber in the dsence of external forces, E the Youngs module for silica and A the aosssedion of
the used fiber. For small strains, AS, is given by,

where AS, is the aial fiber strain subjed to the fiber axial accéeration a. It is asumed that the initial lengths of
al six fibers are the same. Considering the geometrica setup and the fiber constants [2], the relation between the
transverse and axial strain can be assumed constant, for small displacanents.

Srans

axial
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where S;a:s IS the transverse strain of the fibers, and Syq is the aia strain of the fiber. Many of the parameters
being wsed in this smulation are based upon pradicd data that has been obtained through our measurements in
FBG. sensors. The initial strain of these gratings is equivalent to an accéeration of 40 G. In this analysis, it is
considered that the gratings with refledivity pesk wavelengths A; are displacel approximately by 0.5nm from
gratings with refledivity pess at A, i = 1, 2, 3. This wavelength shift is necessry in the setup of Figure 2,
alowing positive and negative accéerations be measured.

Coupler 1 Grating A
Coupler 2 Grating A/’
FDi FDi’

Figure 2: Basic schematic of the interrogating system for the FBG.

Notice that the grating pairs A;, A’ are assembled in the same ais as the accéerometric mass In this stuation,
both of them will be submitted under the same variations in temperature ad to the same strain due to the
transverse accéeration. Because the refledivity peaks of the gratings are very close, the induced wavelength
shift caused by these external medhanicd forces will be gproximately equal.
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Simulations

Figure 3 shows the reflectivity spectra of the FBGs that will be employed in our simulations. Their spectra are
positioned to maximize the response linearity of the system in the desired operational range.
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Figure 3: Reflectivity spectra of the gratings employed in the simulations.
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Considering the transverse and axial acceleration effects, the new FGBs reflection wavelength were calculated
and, using then, the optical power in photodetector FD1 was estimated. With the same principle, the thermal
analysis of the system was made, considering the operation range of 0°C to 100°C. The axial acceleration,
transversal acceleration and the thermal analysisarein figures 4, 5 and 6, respectively.

In these conditions, it is assumed that: maximum value of acceleration 40G; accelerometric mass 1.5g; fiber
diameter of 125mm; Y oung modulus of the fiber 7 10"°N/m?.
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Figure 4: Variation of the relative intensity in respect to the axial acceleration.
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Variagao de Intensidade Relativa (%)

Transversal acceleration (G)

Figure5: Variation of therelative intensity in resped to the transversal accéeration.
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Figure 6: Variation of the relative intensity in resped to temperature.

Interpretation of theresults
The plotsin Figure 6 show that, for a dhange in temperature of 100°C, the variation of the relative intensity must
be in the order of 0,07% and that, compared with temperature canges, the influence of the transverse
accéerations is negligible (on the order of 3,5 10%%). By monitoring the temperature in this snsor to
compensate its effeds, it is posdgble to improve the quality of the sensor.
The follow system expressons can be used for a relation between the photodetedor voltage and the system
acceeration:

a =0i(Vi) =Bi (V) + Xi (Vi) —@ AT (5.9)

g =0oj(Vi) =B (V) + X (Vi) —@ AT (5.b)

a = 0(Vi) = Bk (V)) + Xk (Vi) — AT (5.0)

wherei, j and k are the FBGs axis, V;, V; and V| are the voltages in the photodetedors of the interrogator system
of the FBGs in axis i, j and k. a, B, x and @ are look up tables that may be cadalogued experimentaly. In the

proposed set up, the system may be linea for acceerations below 10G, so a, 3, X and @ may be mnsidered
linea functions.
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Conclusions

In this work, we have analyzed the optic-mechanica setup proposed to the implementation of a threeaxis
accéerometer, with a setup which minimizes the dfeds of the transverse accéerations in the measurement of
axial ones and spurious effeds induced by temperature. We have etimated the influence of these fadors in the
axial realings, and the variation of the light signal that reades the photodetecors of the system. By adequately
processng the measurement data, these spurious eff eds can be compensated.

The next step will be to fabricae this system and determine dl parametersin our model. Finally, adigital system
will be implemented for the aguisition and processng of the data of accéeration, allowing a future optimizaion
of the accéerometer.
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