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CABLE TEMPERATURE MEASUREMENT SYSTEM USING FIBER BRAGG
GRATINGS

Abstract. This article discusses a cable temperature measurement system using fiber
Bragg gratings. The overhead power line cable temperature measurement and extension system
tilted a power line wire, which consists of two fittings, in which there are grooves in the fittings,
in which a copper plate with a certain length is stuck, in the copper plate there is a hole in which
epoxy resin is poured , an tilted fiber Bragg grating, which is recorded on a multi-mode optical
fiber, an optical coupler, an ultraviolet excimer laser and a fiber optic connector, a light power
detector. Experimental results show. That the measurement error and the error of the sensor
calibration result is 0.0634°C; the time of finding a system malfunction does not exceed 3.24 s.
The system has high measurement accuracy and excellent stability, can be adapted to real
temperature measurement systems, and has a certain practical value.
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Introduction.

At present, due to the rapid formation of society and the constant progress of science and
technology, the branch division is continuously strengthened, and the external conditions
necessary for working in any industry become more and more stringent. Only if the necessary
criteria are met, it is possible to guarantee the good operation of any part of the system and the
equipment can work in a coordinated manner. These conditions are especially embraced by the
fact that the branches of various branches of industry are continuously divided and can normally
function. A whole range of equipment covers many modules. To provide the typical operation of
the equipment, any section of the system is required to do in a stable area to meet practical
needs. As equipment continues to evolve in the direction of miniaturization and
intellectualization, the sensors are suitably quite small and can form a network to measure the
entire system.

Temperature is a physical quantity that characterizes how hot or cold an object is. The
main parameter that must be strictly defined for the control of special equipment is temperature.
On the one hand, temperature is a key parameter that must be constantly determined and
controlled in electrical equipment and scientific experiments; on the other hand, since changes in
temperature may require changes in voltage, concentration and pressure, temperature monitoring
in the real-time system is carried out using electrical equipment.

Fiber Bragg gratings have been extensively applied to electrical equipment prediction,
structural health monitoring, power system fault monitoring and other real-world indication
cases due to the rare superiority of EMI immunity, low melting loss, high sensitivity, small size,
and easy distributed measurement. Fiber grating has been extensively applied in realistic
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detection applications such as electrical equipment monitoring, system status monitoring, and
power system fault monitoring. The study of the grid temperature measurement system for smart
electrical equipment is of great importance. This article mainly discusses the temperature
measurement design of the optical fiber array of smart electrical equipment.

Rapid and active progress in different areas of the industry is intensifying the
development of sensor systems, especially in terms of their performance, speed and accuracy.
The still emerging industry calls for detailed and broad information about physical parameters
such as deformation, gas concentration, temperature and others to realize independent control
and improve remote diagnostics [1,2,3,4]. In [5,6] they created and researched clear information
about the temperature in electrical power transformers, which can lead to early detection of a
fault or overload, which is possible to support the planning of industrial maintenance intervals.
Moreover, temperature and strain measurements can help detect battery expansion or be used to
optimize the structure of power designs, which is positive for the formation of electro mobility
[7,8,9,10]. In most applications operating in harsh and complex environments, scientists and
companies around the world consider fiber Bragg gratings to be an excellent choice for multi-
parameter sensing [11,12].

The development of fiber optic sensors has been promoted for decades [13,14,15].
Because the Bragg grating sensor is embedded in an optical fiber and operates in light, it is
naturally immune to harsh environmental conditions. That is why these sensors have found many
applications in a wide range of industries. For example, FBG has been found to be excellent for
both temperature and strain measurement [13], energy infrastructure prediction [16], military
use, or even space mission parts prediction [17,18]. High temperature sensing, especially in
harsh environments where fiber-based sensing appears to be one of the few viable options.
Indeed, most of the studies reported use FBGs to measure temperatures down to hundreds of
degrees Celsius. Although there are still separate areas of application that call for immeasurably
more spacious temperature ranges and therefore the optimization of all measuring systems
[19,20]. On the effect of photosensitivity in doped fibers, many varieties of FBG structures have
arisen, especially femtosecond gratings [21,22] and functionalized gratings, which can be
obtained through sputtering of optical fiber with various chemical syntheses or polymers
[23,24,25].

The current formation of FBG technology is mainly focused on sensor applications [26],
and an impressive need is emerging towards the field of bulk sensor systems based on optical
designs [27,28,29].

Materials and methods.
The Bragg wavelength Ag of a fiber Bragg grating with a spatial period A and an effective
refractive index Neff is determined by the formula [1]

Ag=2n_ A (1)
Thus, the change in Ag corresponding to small changes in the measured value X will be
equal to

|:1';|1EI dA _ 1 d?!? 1 dA _
Tl t ) 6K = Al —x TR a0 0% = As(ans +an4)8%, ()

8iy ==E6x = 2(A

where «,, . , @, ,- are, respectively, the specific expansion coefficient and the coefficient

of change in the refractive index of the fibrous material caused by X. In the absence of changes
in parameters other than temperature, the change in the Bragg wavelength is thus determined
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8Ag = Agla, x + @, )0T = A5(s + a,)6T = Ags = 8T, (3)

where ¢ and «, - term optical coefficient FBG and coefficient of thermal expansion, the
sum of which gives the thermal coefficient of the Bragg wavelength & When using an FBG, it is
often convenient to express 6Ag in terms of its temperature sensitivity over the wavelength W
such that:

515 = W,OT, (4)

where W1= Ag &, which for a fiber optic sensor Az = 1.5 um has a typical value of ~10
um/K at room temperature. In most measurements, the temperature is above the temperature of
ice up to the upper temperature limit FBG of ~103 K. The total change in the Bragg wavelength
AMB:

1
W (T)

AT = [—2_dA, =T, Al )

As the temperature decreases, & and Wt also decrease, which becomes more important at
temperatures below freezing. The consequences are that a single Wt value cannot be used to
reconstruct the temperature, and by keeping the Bragg wavelength query unchanged, a lower
temperature sensitivity of the sensor should be expected.

The overhead power line cable temperature measurement and extension system tilted a
power line wire, which consists of two fittings, in which there are grooves in the fittings, in
which a copper plate with a certain length is stuck, in the copper plate there is a hole in which
epoxy resin is poured , an tilted fiber Bragg grating, which is recorded on a multi-mode optical
fiber, an optical coupler, an ultraviolet excimer laser and a fiber optic connector, a light power
detector.

Line-to-line voltage distribution measurement system using single-mode fiber with a
Bragg grating, where the grating is attached to the test object with an adhesive bond, and the
deformed spectrum of the deformed grating is measured by a spectrum analyzer, characterized in
that the temperature measurement and cable extension system of the overhead power line tilted a
wire electric transmission line, which consists of two fittings, while in the fittings there are
grooves in which a copper plate with a certain length is stuck, in the copper plate there is a hole
in which epoxy resin is poured, attached to an tilted fiber Bragg grating, which is recorded on a
multimode optical fiber, which is attached to the optical sleeve, where the light from the
ultraviolet excimer laser enters the fiber optic connector and the light power detector.
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Figure 1 - Cable temperature measurement system using fiber Bragg gratings

Results and discussion.
Assuming the FBGs are at the same temperature, the Bragg wavelength shift versus
temperature can be plotted as shown in FIG. 4. One can easily see some anomalous data for ~80
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K during the cooling process. You can also see that the data during the heating process is slower
than the cooling process, since the FBG takes longer to heat up.
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Figure 2 - Wavelength versus temperature

Temperature sensitivity by wavelength is shown in Fig.5. As we can see in this figure, the
thermal sensitivity at the Bragg wavelength is less. This can be explained by the lower
coefficient of thermal expansion of the shell. Because our FBG fiber was fabricated with a
shorter Bragg wavelength than others, we would expect less absolute thermal sensitivity by a
fraction equal to the ratio of its Bragg wavelength.
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Figure 3 - Dependence of temperature sensitivity on wavelength
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Figure 4 -Thermal coefficient of the Bragg wavelength
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It can be seen from the figure that the sensor indeed has a thermal coefficient that grows
exponentially.
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Figure 5. The dependence of the coefficient of thermal expansion on temperature

As can be seen from this figure, the coefficient of thermal expansion is defined as the
partial increase in length per unit increase in temperature. Over temperature ranges, the thermal
expansion of a fiber optic sensor varies proportionally with temperature.
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Figure 6 - Temperature dependence of the thermo-optical coefficient

For each temperature test, approximately a full day of measurements was needed. After
reaching any operating temperature, the system was maintained in a stable condition for
approximately 15 minutes before starting to establish the intensity of the transmitted optical
radiation. Five successive and independent measurements of the photodetector output and the
corresponding temperature performance values provided by the sensor were further averaged to
obtain one pair of measurement points, which took only a few seconds.

Conclusions.
In this study, a cable temperature measurement system was developed using fiber Bragg
gratings. The calibration result of the Bragg grating temperature sensor fber is 0.0634 °C.
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Temperature performance experiment shows that the system has high accuracy, good stability
and fast response time, and strong anti-electromagnetic interference; it is very suitable for online
real-time temperature measurement under high ambient temperature.

This work is supported by grant from the Ministry of Education and Science of the
Republic of Kazakhstan within the framework of the Project Ne AP09259547 «Development of a
system of distributed fiber-optic sensors based on fiber Bragg gratings for monitoring the state of
building structures», Institute Information and Computational Technologies CS MES RK.
Experimental researches have been carried out in the laboratories of optoelectronics at the
Electric engineering and computer sciences faculty of Lublin Technical University.
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TAJIIIBIKTBI BPII'T TOPJIAPBIH KOJIIAHATBIH KABEJIb
TEMIIEPATYPACBHIH OJIIIEY )KYHECI

Anparna. byn wMakamaga TammblkTel  Bragg  TopnapelH  KOJJaHATBIH - KaOelb
TEeMIIepaTypachlH eJIley Kyheci KapacThIpbliaabl. ©Oye jKeiCiHIH KabeIiHIH TeMIlepaTypachiH
eJIIIey YKOHE y3apTy jKyileci eki apMmaTypaZaH TYpPaThIH AJIEKTP JKENICIHIH CHIMBIH KaMTHJBbI,
OHBIH imiHAe (uUTUHITEpHe OibIKTap Oap, OHBIH IimriHAe Oenriai Oip Y3BIHIBIFEI 0ap MbIC
IUTACTHHA UTiHEl, MBIC IJIACTUHA/A SMOKCUATI MIalbIp KYWBIIATHIH CaHbBUIAY , KON PEXHMII
ONTUKAIBIK TaJIIbIKKA, ONTHUKAIBIK KOCKBIIIKA, YIABTPAKYJTiH OHKCHUMEp Jia3epiHe >KoHe
TaJIIIBIKTBI-ONTUKAIBIK KOCKBIIIKA, >KapbIK KyaT JE€TEKTOpPBbIHA >Ka3bUIFaH KeJ0ey TaIIbIKThI
Bragg Toppl. DKCIEpUMEHT HOTHXKEJIEpl KOpCeTe/Il. eIey KaTemiri >koHe CeHCOP.Ibl Kanuopiey
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HoTmwkecinin Kareniri 0,0634°C; xxyiieHiH akaybiH TaOy yakbIThl 3,24 ¢ acnaiiabl. XKyiie sxorapbl
eJIIIIey JOJAIri MEH Tamalla TYPaKThUIbIKKA Me, HAKThl TeMIlepaTypaHbl eJIIey KyielepiHe
OeliiMIenyi MYMKIH oHe O0enriti Oip mpakTHKaIBIK KYHIBUTBIKKA HE.
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CUCTEMA U3MEPEHUSA TEMIIEPATYPbI KABEJIA C IPUMEHEHUEM
BOJIOKOHHBIX BPAITOBCKHUX PEHIETOK

AHHoOTanmuA. B jaHHOW cTaThe paccMaTpuUBAETCS CUCTEMA HM3MEPEHUS TEeMIEpaTyphl
kabenss ¢ TMPUMEHEHHEM BOJIOKOHHBIX bparroBckux pemérok. Cucrema uU3MepeHUs
TeMIepaTypbl M Y/UIMHCHHUS KaOeis BO3IYIIHOW JIMHUHM 3JEKTPOIIEpeNadd BKIIOYaeT B ceOs
MIPOBOJI JIMHUM AJICKTPUYECKON Mepeaaun, KOTOPIM COCTOSIINUNA U3 IBYX IITYIIEPOB, IIPH STOM B
mITylepax UMEIOTCS Ma3bl, B KOTOPOM IPUJICTUICHAa MEHAs TUIACTUHA C ONPECIICHHON JJIMHOM,
B MEIHOW IUTACTHUHE HMEETCS JIyHKa, B KOTOPOM 3ajJMTa 3MOKCHIHAs CMOJIa, HAKIOHHYIO
BOJIOKOHHYIO pelieTky bparra, koropas 3amrcaHa Ha MHOTOMOJIOBOJIOM ONTHYECKOM BOJIOKHE,
ONTHYECKYI0 My(]Ty, yIabTpaduOJIETOBOrO SKCHMEPHOIO Jla3epa M ONTOBOJIOKOHHBIN
COCIUHHUTEIIb, JIETCKTOP MOIIHOCTH CBETA. DKCICPUMEHTAIIBHBIC PE3YJIbTaThl OKA3BIBAIOT. YTO
MOTPEITHOCTh M3MEPEHHS, W TOTIPEIIHOCTh pe3yibTaTa KaJIUOPOBKHM JaTdydKa COCTaBJISET
0,0634°C; Bpems HaxXO0XICHHS HEMOJAIKH CHCTEMbI HE IpeBocxoauT 3,24 c¢. Cucrema mMmeeT
BBICOKYIO TOYHOCTBIO H3MEPEHUH U MPEBOCXOTHOM CTAOMIIBHOCTHIO, MOYKET OBITh aJlaliTHPOBaHa
K pEabHbIM CHCTEMaM H3MEpPEHHUs TEeMIepaTypbl U HMEET OIPEACICHHYI0 MPAKTHYECKYIO
LICHHOCTb.

KiawueBble ciaoBa. BoJOKOHHO-ONTHUYECKMI  JaT4MK, Op3roBCKHE  PELIETKH,
Temmeparypa, Kabenb.
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