Engineering of the fiber optic Bragg grating sensor of electrical parameters
and software application for automatic simulation of its parameters
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Abstract

Nowadays one of the most effective transducer rised to the high demands based on metrological and exploitative characteristics are fiber
optical. In the article there is modern state of measurement fiber optical sensors. Basic types and methods of measurement are examined. New
model of fiber optic Bragg grating sensor for measurement of electric parameters is suggested. For the suggested model a program for
computing the parameters of sensor is written, valid model is presented on experimental board. The results of the work and their valuating are
received.
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1. Introduction

Nowadays one of the most effective transducer rised to the high demands based on metrological and exploitative
characteristics are fiber optical, optomechanical, optoelectronic, transducer of the physical values with information transmission
from sensor to controller by the fiber optic interconnections (with built-in fiber optic interconnections FOI).

Until quite recently the main type of sensor for measurement of mechanical deformation and temperature were strain gage
sensors, piezotransducers, thermo-resistors and others. However thank for intensive development of fiber optics fiber optic
sensors were elaborated and receives grate expansion possessing some advantages comparing to strain gage sensors: they
possess higher sensitivity, interference protection, immunity to the influence of aggressive environments and lower cost.

Among fiber optic sensors the most perspective are quasi-distributed fiber optic Bragg grating sensor (further FOBGS),
afforded to control the state of the object in most points at the same time due to the possibility of spectral and time multiplexing.

2. Development of the mathematical model

Bragg gratings bunch the main mode of fiber optic guide emitted in the straight direction in fiber optic guide with the main

mode emitted in the opposite direction on the resonant wavelength A5, determined by the correlation [2]:
ABT = Zneff/l,

where n. ¢, is efficient reflection index core of fiber of the main mode, A period of Bragg grating.

Spectral properties are the most important characteristics of Bragg gratings. The main of them are spectral location resonance
its width and reflect coefficient at a maximum. Calculation of spectral characteristics of Bragg gratings usually accomplish with
the use of mode coupling theory. Let’s express the coefficient function of Bragg grating from wavelength by the mode coupling
theory [3]:
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where local reflection effective value is ngrf(z) = Ngpp + +1 * Angyr(2)

Coherence coefficient of grating k(z) on the wave length A is proportional to the mod modulating range induced reflection
value An,,q(2):

K(z) = T[nAn;od (2)

7 — quantity of main mode power that propagates in the optic guide core.
Resonance spectral width on the half-height Bragg gratings might be expressing the following close correlation [3]:
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where a is about 1 for the deep grating (with reflection value r~1) and is about 0.5 for the small depth gratings.
For the grating with modulation period A = 67,06um and with the refraction deviation index An = 10~* spectrum of
reflection of light signal will look as on the fig.1:
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Fig. 1. Spectrum of the reflected signal.

Central wavelength of optic emission reflected by the Bragg grating depends on the effective refraction value and on the
grating period. Changing of the central wavelength taking in account the influence of the temperature and mechanic strain

determines this way [4]:
aneff )\ aneff A

where ngf — is efficient reflection index core of fiber of the main mode, A period of Bragg grating.

The first component in this formula gives the value of wavelength shift depending on deformation (elongation). The second
depending on the temperature. The dependence of the shift of the central wavelength of the reflected emission from the
deformation also may be showed in the following way:

Adg = 25(1 — pe)dz,

where p, is a constant of deformation optic fiber is calculated from the following formula:
2

n
Pe = % (p12 —v(p1 + P12))'

where p;, and p;, Pockels coefficients in the tensor optical strains, v Poisson ratio. For the typical fiber p,;; = 0,113,
P12 = 0,252, v = 0,16 and Nerr = 1,4447. On the bases of values of sensitivity for the wavelength Az = 1550 nm will make
12,36nm/%.

By the stretching optic fiber the length of Bragg grating changes, the period of the modulation of the refraction index and
there is the change of refraction indexes of core and cover of optic fiber. Formula for changing of efficient reflection index as
result of stretching is designated by photoelastic effect so that

1
Ang = _zneff "Pe " 0z
it is related to anisotropy of optic fiber occurring by stretching.

The second element gives the dependence of wavelength shift from temperature. Emission wavelength reflected from Bragg
grating sensors changes in dependence from temperature because of the following factors: heat expansion of optic fiber
(stretches out period of Bragg grating) in other words there is a changing of grating mechanical length moreover there is a
changing value of fiber refraction depending on temperature (changing of grating optical length). Whence it follows that the
dependence of wavelength shift on temperature can be described the following formula [4]:

Mg = Ag(ay + a,)AT,

where a, is temperature coefficient of linear expansion (a, = 0,55 - 107 is for fused quartz), @,, thermo-optic coefficient
(a, = 8,6 107 is for optic fiber with doped germanium). Due to these values of sensitivity of Bragg grating to the temperature
for the wavelength 1z = 1550 nm will be 14,1 p::n

The diagrams of wavelength dependence form the deformation and temperature are presented on fig. 2. The diagram of
dependence from deformation is presented on the top; the diagram of dependence from temperature is below.

3. The software for simulation technical parameters

For the simulation of work of this type of sensors automation system was developed.

The window of this system is presented on the fig. 3. The user has various opportunities for editing parameters of simulation.
After pressing the button «J/lo6aBuTh rpaduk» in the both diagrams new simulated data is appearing which are different from the
previous by color. Therefore user has an opportunity of clearing the diagrams, all the fields and report generation according to
data by pressing the button «Report».
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Fig. 2. The diagrams of wavelength dependence form the deformation and temperature.

Tok HanpsxeHue
0,066 11004
0.080+ 1000-]
0.065. 2004
0.050
0.045- 7831523 @
0.0401 7004
= 0.035: 8 600+
= 0.030 =
0.025. 400
0.020
100
0.015- /
0.0104 160.53
0.005
0. T T T T 1 T T T
0.0040 00039 00038  0.0037  0.0036  0.0035 00038  0.0037 0.0036
X X
or 0.0035 | onT Onuxa karywku
No 0.004  Keapy (® Mnekcurnac HamarHusmBauman cuna
Konu4ecteo orc4etos 1000 Konu4ecTso BUTKOB ‘ZUUDEI ST G
nA Toka
[obaeuTk rpaduk Paguyc onToBONOKHA ‘0.000125 \ ;M" i)
¥ron koHyca 12.5 \ TOK
BoicoTa KoHYCa 0.02733 \

Fig. 3. Software interface.

4. Laboratory tests

In the course of the works on optic fiber sensor of electrical parameters suggested mathematical model was taken. Further on
the bases of this model the sensor design was developed for laboratory tests and exposure of efficiency of its work. On the fig. 4

principle diagram of sensor organization is presented.

In the course of the laboratory tests the experiments on the stand were performed where the sensor was assembled and the
results of minimal sensitivity were received and the critical parameters of this sensor were committed (fig. 5, 6). Data received
after performance of tests of this stand. Parameters of power supply: 20V, 2.5A. On the diagram we can see the surge of
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Fig. 4. Sensor organization.
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wavelength changing reflecting specter from intrafibrous Bragg grating during the admission of power supply on the coil
(number 7 on the fig. 5) (1524.990 — 1525.048nm).

Fig. 5. The stand photo (1 optical fiber, 2 connector, 3,4 Bragg gratings, 5 electrical connectors, 6 ruller, 7 coil, 8 pueso element(is not used)).
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Fig. 6. Interrogator software photo.
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5. Conclusion

During the analysis of analogs optical fiber current sensors the problems were educed: sensitivity to EM fields, amplitude
separation of channels, sensitivity to acoustical influences, low correlation signal/noise. This device is suggested as a prototype
which consists optical fiber with Bragg grating as a sensitive element, electromagnet for transformation electric energy into
mechanic energy, optical fiber as a transfer channel and spectral analyzer with digital output for connecting to the PC. This
device is free from the previously described problems. The laboratory test showed that resolution capability and sensitivity has
quite high values and let use this types of sensors in the various measurement range of parameters.
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