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ABSTRACT

Engineering structures stability depends largelpruphe magnitude of parameters like strain, tempeza
pressure, chemical and biological effect of envinent. Fiber Bragg Grating(FBG) sensor technology ltecome one of
the most rapidly progressing sensing topics of deisade in the field of optical fiber sensors. F&$hsors are currently
emerging from the laboratory to find practical apgiions. Rapid progress has been made in bothosesystem
developments and applications in recent years. FA@ been applied to sense a number of physicabureraents
including strain, temperature, pressure, magnétid,fetc. These applications are based on the gameiple i.e. the
measurement of Bragg wavelength shift caused bynthasurands. In this paper we have studied th¢ ishiBragg
wavelength due to change in the grating pitch. Wagelength shift in FBG on simulated external pdyation using a
wideband source has been observed. Since the strelgmperature measurement are encoded into wagthlshifts, so by

comparing Bragg's wavelength shift with the refeiBragg’s wavelength strain or temperature cacalbailated.
KEYWORDS: Bandwidth, Fiber Bragg Grating, Sensor, Simulation
INTRODUCTION

FBGs are excellent sensing element due to theih tggnsitivity, multiplexing ability or temperature,
corresponding shift in reflected light is obseniadFBGs. These have been successfully used foritlatigal strain,
transverse strain, temperature, pressure, bendjltameous strain and temperature measurementsraad structures,
etc.[1]. Several distinct types of FBGs have beewvetbped in order to meet certain scientific ne€tGs have become
key passive devices for application in optical filsemmunications and in the rapidly developingdief OFSs due to a

number of advantages over other optical fiber ses€-Ss) [2-3], These include
* Immunity against i.e., applicable in
» electromagnetic fields, high voltage, lightning xplsive
» chemically aggressive & corrosive media — High
» low temperature- nuclear (lonizing radiation enwairent)
e Light-weight, miniaturized, flexible, low thermabnductivity
* Non interfering, low loss , long range signal tramssion (“Remote sensing”).

e Have unigue wavelength-division (WDM) and time-dien multiplexing (TDM) capabilities,
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e Embedding in composite materials (“smart structires
e Have the potential to be mass-produced at low cost,

» Have great potential in sensing applications forudianeous measurements of important physical petesiand

in quasi-distributed sensor networks,
» Highly reliable and secure with no risk of fire/sia

* As a point sensor they can be used to sense ngrinaticessible regions without perturbation of titamsmitted

signals

e Large bandwidth and hence offers possibility of tipléxing a large number of individually addresgmaoint

sensors in a fiber network or distributed sensieagontinuous sensing along the fiber length

Properties of Fibre Bragg Gratings in Sensing
(a) Tuning FBGs
The central wavelength of a FBG is determined leyBRhagg condition, in equation

Az =2n, N 1)
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Figure 1: Diagram lllustrating the Properties of FBG
The Bragg Wavelength/tB) of an FBG is a function of the effective refraetindex of the fiber I ) and the
periodicity of the grating {\ ).

Differentiating equation (1) gives
DAy =2[ ng AN +NAN, | @)
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which gives

A
Ay el + A (3)
As Ng N

From equation (3) it is clear that either varyig tpitch,44, or the RIAN , the central wavelength can be

shifted, via one or more of the following effects.
(b) Varying the pitch of the FBG

The periodicity, or pitch, of the grating is simphe distance between the fringes. If the gratiag length L with
N number of fringes, the pitch will be:

AN=— (4)

Which, when differentiated gives

an =Bk 5)
N

Dividing equation (5) by equation (4) gives

AN _ AL
=== (6)
A\ L

Thus, the relative change of the pitch is identioghe relative change of the grating length.

This change in grating pitch can either be achidtienugh tensile stress, by simply stretching theefor through
thermal expansion. The thermal expansion can lerdated by the following relation

AL _ AT )

wherea is the thermal expansion coefficient and can berdahed by

1oL
a=—— 8
LaT

However, the thermal expansion coefficient forcsilis onlya = 5 x 10-7 K*, which only gives a negligible
contribution to the shift in wavelength comparedemperature and tensile stress [4-5].

(¢) Varying the refractive index of the FBG

The RI of the fibre can be varied either througé fhoto-elastic effect or the thermo-optic effddie relative

change in RI, due to the thermo-optic effect igiby

Aneff _ g;A-I-
S 9)

n eff
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where & is the thermo-optic coefficient given by

1 dn
g:__f«‘ff
Ng dT

The thermo-optic coefficien(f) for Germanium doped silica core is 8.6 x°Mhich is an order of magnitude

larger than the thermal expansion coefficient.

Any external agents that is capable of changingrarapitch A will displace the reflected spectrum centered at

Bragg wavelength. A longitudinal deformation, deean external force, for instance, may change btandng, ,and

latter by the photo elastic effect and the formgiirzreasing the pitch of the grating. Equally,aiation in temperature

can also change both parameters, via thermaldlilaid thermooptic effect respectively [6-7].

Therefore FBG is essentially a sensor of tempegadnd strain but, by designing the proper interfat@ny other
measurements can be made to impose perturbatidimeograting resulting in a shift in the Bragg wargth which can
then be used as a parameter transducer. Thergfousifig an FBG as a sensor we can obtain measuteragstrain,

temperature, pressure, vibration, displacement, etc

Using such a device and by injecting a spectralbatiband source of light into the fiber, a narrombapectral
component at the Bragg wavelength will be refleckgdthe grating. The spectral component will begtlssn the
transmitted signal, but the remainder of this ligigty be used to illuminate other FBGs in the sabwer feach one is tuned
to a different Bragg wavelength. The final resdlsoch an arrangement is that we will have all Bragak reflections of

each FBG back at the brginning of the fiber, eaohio its specific wavelength range.[8]
Effects of Strain and Temperature on FBGs

The core effective index of refraction and the peigity of the grating determine its centre wavelinso that the
change of fiber with strain and temperature willeaf its core refractive index. The shift in theaBg grating centre

wavelength due to strain and temperature changggds by [9] following equation

(a) The temperature incremefiT affects the refractive index and the grating phriesulting in change iﬁB.

For a temperature chanfd , the corresponding shift iVlB is given by

_ _ 1dA 1 dng
(8o)romy = (+€) 2T ‘”B(XE+EFJAT
AA
M:id_AAT_i_ 1 dn&ff AT OQ]_

A, A dT n, dT

The first term is the thermal expansion of sili@g and the second term is the thermooptic coeffi¢i€n

representing the temperature dependence of trectiefe index.

(b) The axial strain affects the FBG response tiratrough the compression and expansion changehd
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spacing of the periodic variatiofA and through the strain optic effect which inducehange in the effective index of the

fiber ng . The wavelength shift, induced by a

longitudinal strain variatiod\ lis given by

dn,
(MB) = A ld_/\+_1_e“ N
wan ~ 8\ A0 n, dJ "
(A/]B)strain :id/\m_l__ldne” N

A Add~ n, dO

The first term in equation (11) is the strain of grating period due to extension of the fiber. $aeond term in

(12) is the photoelastic coefficient, the variatafrthe index of refraction with strain.
SIMULATION RESULTS

Any physical parameter (like temperature, strairess which causes changes in the pitch of théngrand the
change in the refractive index can be sensed @sFBG by measuring the shift in the Bragg wavelergtthe change in

reflection coefficient of a particular wavelengtf]1

The FBG sensors were designed with core diameB& &m with refractive index of 1.458 and claddinghw
refractive index 1.450 um, Grating length is tak®004/m, Mod delta =0.0003. The effect of elongating tipéaal fiber

and the grating pitch has been simulated usingfRegtical simulator by taking the output graphsuayying the grating
pitch from 0.5320 to 0.5338 um in regular intenvall®.0002¢/m (Tablel).

Tablel: Simulation Results of Bragg’'s Wavelength Cange Due to Change of Grating Period

SINo. | Grating Period (um) | Bragg's Wavelength (nm)
1 0.5320 1545.20
2 0.5322 1545.80
3 0.5324 1546.40
4 0.5326 1546.90
5 0.5328 1547.50
6 0.5330 1548.10
7 0.5332 1548.60
8 0.5334 1549.20
9 0.5336 1549.80
10 0.5338 1550.40

Simulated results in the form of graphs of refldcpower as a function of wavelength. There is & shithe
wavelength because of changes in the grating parddhe index of refraction. Figure 2 provides dhaulated results of

a FBG centre wavelength shift as a function of @gaperiod.

www.iaset.us anti@iaset.us



6 Chiranjit Ghosh, Quazi Md. Alfred & Biswaijit Ghosh

= WinPlat - [Plol: chir .03, pes]

T B B e gotow st TR

Grating Spectral Response

ﬂ

Period=0.5320

Period=05322

Period=0.5324

Period=05326

Period=0.5328

Period=0.5330

Relative Power (a.u.)
o
(4]
1

Period=05332

Period=0.5334

0.0~ ; = ; 3 ; Pendd=0.0338
1545 1546 1547 1548 1549 1550 1551 —+BB2 1553

Wavelength (um) Period=05338
X 1.543 080449

Figure 2: Bragg's Wavelength Shift as a Function oGrating Period

From the graphical simulations using advanced st tools, it can be concluded that increasénengrating
pitch will cause a shift in Bragg’'s wavelength.
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Figure 3: Bragg’'s Wavelength vs. Grating Period

It is observed from the simulated results that wtiheme is a change in optical properties of a nmat@FBG) the
Bragg wavelength shifted.There is a linear relaiop between the Bragg wavelength shift and theirgraperiod
(Figure 3).

CONCLUSIONS

From the graphical simulations, it can be conclutted a slight change in the strain, temperaturesgure, etc
changes the grating period of the FBG and induaaeasurable change in the spectral location oktlketremum. Using
the advanced simulation tools it is possible toigteshe fiber Bragg grating sensor for strain, tenapure, etc
measurement.So by comparing the shifted Bragg wagéh due to the thermo-optic and elasto optic vétarence Bragg

wavelength at room temperature and without anyssérg it is possible to sense the temperatureteaid svith neglible

error.
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