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DISCRIMINATION OF TEMPERATURE AND STRAIN
INTERFERENCE IN FBG SENSORS USING TAPERED
OPTICAL FIBER SENSOR

The optical fiber industry has progressed a lot in recent years.
Earlier, they were used as a bed to carry light and image for medical
applications, especially in endoscopy. In the mid-1960s, calls were
widely used to transmit information. So far, optical fiber technology
has been a worthy subject for research. Low loss rate, high bandwidth,
electromagnetic reliability, small size, light weight, safety, relatively
cheap price, low need for reconstruction and maintenance are the reasons
for the attractiveness of optical fibers. In recent years, optical sensors,
including FBG, are widely used in the field. Different methods have been
used. Among these applications, we can refer to imaging in the fields of
civil engineering, aerospace, marine sciences, oil and gas, composites and
smart structures. Fiber Bragg Grating (FBG) sensors have found more
usages in the industry to diagnose the safety of mechanical structures
due to their high sensitivity, non-exposure to the electromagnetic field,
linearity, and lightness. A limitation of the application of FBG sensors
is the Inability to distinguish the effects of temperature and strain in
the simultaneous measurement. For this purpose, we must somehow
discriminate the effect of temperature from the strain. In this Article,
by designing a tapered fiber-FBG composite sensor we have provided a
solution for this problem. Studies performed on the designed composite
sensor show that no sensitivity interference will occur in the sensor. In
the composite sensor, a tapered fiber optic sensor with a temperature
sensitivity of —932.82% and a FBG sensor with the temperature and strain

C
e . pm pm .
sensitivity of 9.89 and, 0.92 e respectively, are used.
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Introduction

There are different types of optical fiber sensors, of which the thinned optical
fiber sensor is one of the most important. In standard optical fiber, the intensity
of the wave field on the outer surface is almost zero. To make the optical fiber
sensitive to the external environment, it is thinned. By tapering the optical fiber
due to the reduction of the diameter of the optical fiber and the increase of the
numerical aperture, the amount of penetration depth and the intensity of the
attenuation wave field can be significantly increased. [1]

This causes the output to show significant sensitivity to changes in the
refractive index of the surrounding environment. Different parts of tapered optical
fiber are shown in figure [1].
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field

figure — 1 Schematic of tapered optical fiber and its different regions. [3]

The performance of a tapered fiber optic-based temperature sensor relies on
a sensitive laminated coating (absorber layer) on the surface of the optical fiber.
In this situation, when the temperature of the surrounding environment changes,
the physical and chemical properties of the tapered fiber change and these changes
change the properties of the light inside the fiber. Changes in the properties of the
light beam inside the optical fiber include changes in the intensity, wavelength,
or phase of the transmitted light; Therefore, by measuring the parameters of the
transmitted light, the temperature value can be calculated. (Figure 2)
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Figure 2 — Schematic diagram of temperature sensor based
on thinned optical fiber [4].

Another type of fiber optic sensor are Fiber Bragg Grating sensors. With the
discovery of optical sensitivity in optical fibers, it became possible to make optical
fiber Bragg Gratings. These gratings simply consist of periodic modulation of the
refractive index inside the fiber optic core. Grid-like structures are very important
in waveguide optics. Surface-enhanced lattice structures are used in flat waveguide
optics for light refinement and coupling [5].

Optical fiber Bragg gratings have been considered as a good sensor for
measuring dynamic and static fields such as temperature and strain. One of the
most important advantages of sensors made using optical fiber Bragg gratings is
its wavelength coding nature. This feature makes the Bragg grating sensors act as
a self-reference, independent of the fluctuations of the light level and insensitive
to changes in the light intensity of the source and losses caused by the connectors.
Due to the low substitution loss and narrow bandwidth reflection wavelength,
they can be easily wavelength multiplexed along a single-mode optical fiber [5].

Interferences of the refractive index lead to the reflection of light (propagated
along the optical fiber) in a very small range of wavelengths, which is called
the reflection wavelength of the Bragg grating or (Figure 3). In addition to the
periodicity of the Bragg grating, the reflected Bragg wavelength is dependent on
temperature, strain, and other environmental factors, and by applying the smallest
change in the said factors, we will have a shift in the reflected wavelength [6].

The intensified wavelength is reflected towards the source and the rest of the
wavelengths pass through the part without change or attenuation. The reflection
wavelength of an optical fiber Bragg grating is given as follows:

/13 = ZneffA

where A, n ;. and A are the Bragg wavelength (reflection wavelength),
effective refractive index and grating period, respectively.
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Figure 3 — The general structure of optical fiber Bragg grating [7]

Methods and Materials

In this research, in order to Discrimination the interference of temperature and
strain in FBG sensors, a combined sensor design of tapered optical fiber (sensitive
to temperature) and fiber optic Bragg grating sensor (sensitive to temperature and
strain) was used to measure temperature and strain simultaneously and to separate
We act on the effect of temperature and strain. By using the relationships between
wavelength changes with strain and temperature, as well as measuring the amount
of wavelength changed by each of the tapered optical fiber and the optical fiber
Bragg grating, it is possible to determine the temperature and strain at the target
point. To illustrate the proposed central idea, we use the experimental results of
two types of sensors made by other groups. In reference [4]

Temperature sensor are based on tapered fiber has been tested. Temperature
changes from 24°C to 38 °C are considered with a step of 2 °C. The wavelength
range is from 1520 nm to 1620 nm, the waist diameter of the tapered area is about
8 micrometers and its length is about 20 mm. Also, the refractive index of 1.36 is
considered. The value of the wavelength decreases almost linearly with increasing
temperature, and the temperature sensitivity of -932.8 pmy°C has been obtained [4].

The diagram of temperature relationship with wavelength changes for the
temperature sensor based on non- adiabatic tapered optical fiber is given in figure [4].
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Figure 4 — (a) Schematic diagram of tapered optical fiber-based temperature
sensor arrangement (b) Wavelength change in thinned optical fiber-based
sensor due to temperature changes [4].

For the Bragg grating sensor, we use the laboratory results of reference [11].
The Bragg wavelength is 1530 nm, the effective refractive index is 1.444, and

£ =092 Py,

the temperature and strain sensitivity are M5 _ 989 pm/oc and
AT Ag

respectively,

The temperature around the optical fiber Bragg grating was changed from
20°C to 80°C with a step of 20°C and the position of the reflection peak was
measured. Wavelength changes in terms of temperature changes for the fiber
Bragg grating are plotted in (Figure 5).
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Figure 5 — (a) Schematic diagram of Bragg grating sensor arrangement to
measure temperature change (b) Change in wavelength at the peak of the
reflection spectrum of FBG due to temperature changes [11].

To measure the strain, the amount of strain has been changed from zero to
1500 microstrain with a step of 100 microstrain [11].

Wavelength changes in terms of strain changes for optical fiber Bragg grating
are plotted in Figure (6).
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Figure 6 (a) Schematic diagram of Bragg grating sensor arrangement for strain
change (b) Wavelength change in FBG due to strain change [11].
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Now, we investigate the optical fiber Bragg grating sensor under the
simultaneous influence of temperature and strain. This issue is shown schematically
in (Figure 7).
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(Figure 7) Schematic diagram of Bragg grating sensor arrangement due to
simultaneous change of temperature and strain.

As it is clear in( Figure 7) using the FBG sensor to measure temperature and
strain simultaneously will cause sensitivity interference; And we cannot measure
strain and temperature at the same time using this sensor. In order to eliminate
the interference of temperature and strain, we investigate the design of combined
sensor of taperned optical fiber and FBG to measure temperature and strain
simultaneously. The proposed sensor and the expected shift in the spectrum are
schematically drawn in (Figure 8).
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Figure 8 — Schematic diagram of tapered optical fiber and FBG composite
sensor arrangement due to temperature and strain changes.
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Results and discussion
The temperature sensitivity of optical fiber Bragg gratings is calculated by
the following equation. [5]

AR
—==(a+8§)- AT (1)
Ap
Also, the axial strain sensitivity of an optical fiber Bragg grating is obtained
by the following equation [12]:

AA
T; = (1 - Pe)sz 2

By combining equation (1) and (2), the overall sensitivity to temperature
and strain is obtained.

Mg

7, = (A—FR)-e+(a+8)-AT 3)

Equation (3) shows that the displacement of the Bragg grating is caused
by two factors, strain and temperature. In order to detect that which factor the
displacement is related to, a combined tapered optical fiber and FBG sensor can
be used. The temperature-specific thinned fiber optic sensor and the FBG sensor
examine both factors, which are obtained by comparing the temperature response
of the thinned fiber sensors and the Bragg grating sensor and finally subtracting
the result of both sensors from each other, the amount of strain changes.

We rewrite equation (3) as follows:

Ap = K.z X As + Kpp X AT (4)

Also, for the thinned fiber optic sensor which is sensitive to temperature we
have:

A;ttaper = Ky taper X AT (%)

The values of Adp and Adiper can be seen in Figure (8), which can be
determined in the laboratory. Now we perform an example of calculations for
the proposed sensor. For example, let’s suppose that in the laboratory we have
measured the wavelength changes for the thinned optical fiber A and the Bragg
wavelength changes separately and we want to determine the temperature and strain
values. For example, let’s suppose that in the laboratory we have measured the
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wavelength changes for the thinned optical fiber Ad;qp, and the Bragg wavelength
changes AAp separately and we want to determine the temperature and strain value.
Assume that the values obtained for the wavelength change in the laboratory
method for the thinned optical fiber sensor and FBG are A/imper = —0.823 nm
and Ad; = 0.751 nm, respectively. Now we want to obtain the temperature and
strain (AT and Aé) using these values.

. Adeaper . —0823nm o
AT = p— = AT = o 0.883°C
b= Ay — Kpp X AT
K.
g 0.751 nm — 0.00989 nm/oc x 0.858 °C 807
£E= = He
0.00092 nm/u_g

This shows that by using the adiabatic thinned optical fiber sensor and FBG in
a combined form, the sensitivity interference will not be created in the said sensor,
and strain and temperature can be measured simultaneously at any desired point. By
using the relationship between wavelength changes with strain and temperature, as
well as measuring the value of the changed wavelength by thinned optical fiber and
optical fiber Bragg grating, it is possible to use the value of temperature and strain
at any desired point. According to the measurements made in the references used
in this article [4, 11], the sensitivity for the said combined sensor for temperature
and strain was obtained 0.882 pm/cc and 807 pm/ e respectively.

Conclusion

The limitation in using optical fiber Bragg grating sensors is that the response
of the sensor to measure temperature and strain simultaneously can cause errors in
strain measurement in different structures. For this purpose, we have to somehow
separate the temperature effect from the strain effect, and various methods have
been proposed for this task. In this paper, the design of thinned optical fiber hybrid
sensor (sensitive to temperature) and optical fiber Bragg grating sensor (sensitive
to temperature and strain) was done to separate the effect of temperature and
strain. Investigations conducted on the designed combined sensor showed that
sensitivity interference will not occur in the said combined sensor. According to
the sensors used as examples in this paper, the sensitivity for the combined sensor
was obtained for temperature, 0.882 pm/oc and for strain,807 pm/ﬂ‘g .
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FBG JATUYMKTEPIHJEI'T KOHYC TOPI3AI TAJIIBIK
JATUYNKTEPIH MAVJAJIAHFAHJATBI TEMIIEPATYPA MEH
JE®OPMALUS KEJEPTLIEPIHIH JMCKPUMUHALIASICHI

Conebr  Jcol10aGPLl  ONMUKATBIK — MATUWBIKIMGL  UHOYCMPUsL
aumapavikmai 0amvlovbl. bypwin onap meouyuHanvix KONOAHY YULIH,
acipece IHOOCKONUAOA IHCAPLIK NEeH KECKIHOI machiManoay Yulin mecex
peminde natidanranviiovl. 1960 sucvindapoviy opmaceinoa KOHbIPAYIap
aknapammul Oepy Yulin KeniHeHn KoNOaHuliobl. Ocbl yakbimia Oeuin
MATWBIKMbL ONMUKANBIK MEXHON02UA 3epmmeyee Naublkmbvl NoH 00J0bL.
Tomen orcozanmy  JHCHLIOAMObIZLL,  JicO2apbl  OMKI3Y Kabiiemminici,
ANCKMPOMACHUMMIK  CEHIMOINIK, WAsblH OaulemMoep, JiCeyin caimax,
Kayincizoix, canivicmulpmansl mypoe apsaun 0aza, Kauma xypy JHCoHe
MEXHUKANLIK Kbl3Mem Kopcemyoiy MOMeH Kadcemminiei OnmuKanivly
Manublkmapovly mapmulMObLIblebiHblY cebenmepi O0abin MaodbLIaAobL.
Conevl  JicoL10apsbl  ONMUKAnLIK — cencopaap, couvly iwinde FBG,
opicme KeniHeH KOAOAHWLIAObl. Opmypii oodicmep Koadauwvliovl. Ocvl
Konoanbanapovly iwinoe 06i3 azamammoul KYpPbLIbIC, A2PO2apblll,
MeHi3 2bLIbIMOAPbl, MYHAU JHCOHEe 2a3, KOMNO3UMMED HCOHe CMAapm
KYPuLIbIMOAp CcananapulHoazel Oelineneyee ciimeme dicacail Anambvis.
Fiber Bragg Grating (FBG) cencopnapwl dcoeapvl ce3immanovbikka,
MEKMPOMASHUMMIK 6picKe ocep emneyee, Cbi3bIKMbLILIKKA HCOHE
JIceHiNOIKKe OAUNAHBICIbI MEXAHUKALIK KYPLLILIMOAPOLIY KAVincizoieik
Juaenocmukanay ywin canada xobipex xondauvic manmsl. FBG
ceHcopnapvin  Koa0amyoazvl wexkmeyiep Oip meseinde oauiey KesiHoe
memnepamypa MmeH 0eopMayuanblY dCePIiH axcolpama aimay 60abin
madwvLiaosl. Byn yuiin memnepamypanvly ocepin WmamMmMHaH Kanoai 0a
0ip mypoe adicvipamy xepex. Ocbl MaKanada KOHYCMbLK MAIUbIKMbL-
FBG xomnosummix ceHcopuin dcodanay apkwlivl 0i3 Oy1 MoceeHiy
wewimin yculHObIK. XKacanean KOMRO3UMMIK CEHCOpOa JiCypei3ineeH
3epmmeyiep CeHCopOa ce3immanibik Keoepeici DOAMAUMbIHbIH KOPCEemeOi.
Komnosummix cencopoa -932,8 pm/°C memnepamypa cezimmanovies
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0ap KOHyCMblK MAIUBIKIbI-ONMUKAIBIK CEHCOP dHcoHe cotikecinuie 9,89
pm/°C dcomne 0,92 pm/ie memnepamypa men 0epopmayus ce3immandbi2bl
oap FBG cencopbl naidanransiiaosl.

Kinmmi ce30ep: KOHycmulK mamubl, MemMnepamypa CeHcopbl,
FBG cencopul, Oepopmayusi MOHUMOPUHSI, KYPbIIIMObIK OEHCAYIbIK,
MOHUMOPUHST, UHMeppepenyus.
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[punsro k u3manuto 15.09.23.

AUCKPUMHNHALINA IOMEX TEMIIEPATYPbBI 1
JE®OPMAIINU B JATUNKAX BBP C HCITIOJIB30OBAHUEM
KOHHUYECKOI'O BOJIOKOHHOI'O JATYUKA

3a nocrednue 20061 ompacib ONMUYECKO20 BOJOKHA 3HAYUMENLHO
npoosunynace enepeo. Panee onu ucnonib3o8anuch 6 kavecmee Kposamu
01 nepenoca céema u u300padcenusi 6 MeOUYUHCKUX Yeasix, 0COOEHHO
8 anoockonuu. B cepeoune 1960-x 360HKU WUPOKO UCTIO16308AMUCH OIS
nepedauu ungpopmayuu. o cux nop mexnHono2us ONMmu4ecKko2o 60J10KHA
ObLIa 00CTONIHBIM IPpedMemomoaauccIe0osanui. Huskuiiyposens nomepo,
WUpoKas NoA0Ca NPONYCKAHUSL, DJIeKMPOMASHUMHAS  HAOEICHOCHb,
HeOONLWOU pazmep, MAblll 6ec, 6E30NACHOCHb, OMHOCUMENbHO HU3KAS
Yena, HU3Kas nompeOHOCms 8 PEeKOHCMPYKYUU U 0OCIYIHCUBAHUU - BOM
NPUYUHBL NPUBTEKAMEbHOCTU ONMUYECKUX 80JI0KOH. B nocieonue 200bi 6
NOJIEBLIX YCIIOGUAX UUPOKO UCHONb3VIOMCS ONMUYeckue 0amyuku, 6 mom
yucie BBP. Hcnonv3osanucs pasuvie memoovl. Cpeou 5mux npunodiceHu
Mbl  MOJICEM HA36aMb  GU3YANU3AYUIO 8 00ACMU  2PANCOAHCKO20
CMpoOUmMenbCmea, — adPOKOCMUHECKOU — NPOMBIUICHHOCU, — MOPCKUX
HAyK, Hepmu u 2aza, KOMROZUMOS U UHMELIEKMYAIbHBIX KOHCMPYKYULL.
Jlamuuxku Ha 6010KOHHOU Op322oéckou  pewemke (BBP) Hauwu
bonee wupokoe npumeHeHue 6 NPOMBIUICHHOCIU O OUASHOCTUKU
0e30nacHoOCmU  MexXaHUuecKux KOHCMPYKYUull 61a200aps ux 6blCOKOU
YYECMBUMENLHOCU, HENOOBEPAHCEHHOCIU ITCKMPOMASHUMHOMY NOJIO,
JaunetiHocmu u Jeekocmu. OzpanuueHuem npumeHeHus oamuuxoe BEP
ABNAEMCA  HEBO3MOJICHOCHb — PA3IUNUMb  GIUAHUE MeMNnepamypvl U
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Odeghopmayuu npu 00Ho8peMmenHoM usmepenuu. /s 3mo2o HydlCHO KaK-
mo omoenums eusHUe memnepamypuvl om oeopmayuu. B smoii cmamve
Mbl NPeONONCULU peteHue dMol npodiemsl, paspabomas KOHUYECKUll
OamuuK uz KOMno3umHo2o 60aokxHa u BEP. Hccreoosanust, nposedernuvle
Ha paspabomaHHoM KOMROZUMHOM OamuuKe, HOKA3bl8AIOM, Hmo 6
damuyuxke He 6)y0em 8O3HUKAMb NOMeEX 8 yyecmeumenbnocmu. B cocmasnom
damuyuke UCHONIb3VIOMCSL KOHUYECKUT 80I0KOHHO-ONMUYECKUT 0amYUK ¢
memnepamyprou wyscmeumensnocmoio -932,8 nm/°C u damuux BBP ¢
memnepamyprou u menzouyecmeumenvrocmoio 9,89 nm/°C u 0,92 nm/
MKE COOMBEMCIMEEHHO.

Kniouesvie cnosa: Konuueckoe onokwno, Jlamuux memnepamypbol,
Jamuux BEP, Mornumop cocmostus depopmayuu, Monumop cocmosinusi
KOHCMPYKYUU, unmepghepenyus.
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