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MEASUREMENT OF THE VEER AND ROTATION
OF AN OPTICAL FIBRE USING A BRAGG GRATING

Abstract. There is presented a method for measuring the angle of rotation and twisting using a periodic incline
of tilted fibre Bragg grating (TFBG) with an inclination angle of 6° recorded in a single-mode optical fibre. It was
shown that when the sensor rotates through 180°, the transmittance changes from 0.5 to 0.84 at a wavelength of
1541.2 nm. As a result of measurements, it was found that the highest sensitivity can be obtained for angles from 30
to 70° concerning the necessary orientation. A change in the transmission spectrum occurs for cladding modes that
change their intensity with a difference in the polarization of light propagation through the grating. The same design
can be used to measure the angle of rotation. The possibility of obtaining a TFBG rotary device at an edge of 200 °©
with a length of more than 10 mm has been proved. It allows controlling both the angle of rotation and the twisting
of the optical fibre using the manufactured TFBG.
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Introduction. The optical measurement of physical quantitics in mechanical systems and structures
is gaining increasing commercial importance in various industries. Rotation and twisting are very often
measured by mechanical supplies. Fibre-optic methods for measuring these values have several significant
advantages, such as resistance to environmental influences, the relatively simple placement of sensors on
the estimated structures and the possibility of simultanecous measurements in many places. In recent years,
veer and rotation sensors have been intensively developed to research new fibre-optic sensor solutions
[10, 12].

The first work in the field of fibre-optic rotation sensors appeared in the late 1980s. There are many
optical methods for measuring rotation and twisting [1]. Recently, inclined the fibre Bragg gratings
(TFBG) [2-4] have been very popular in measuring rotation and other quantities. These gratings use the
property of the effect of the polarization of the introduced light — by which are meant the state of
polarization (SOP) — on the spectrum of the shell regime. This is because the TFBG structure inhibits the
cylindrical symmetry of the optical fibre [5]. TFBG offers all the benefits of standard FBG technologies,
such as ease of manufacture and small size. An additional advantage of inclined FBG is a large number of
cladding modes visible in a relatively narrow spectral range.

This article describes the use of a single optical fibre generated by an inclined periodic structure for
measuring the angle of rotation and twisting of an optical fiber. To perform and analyze rotation and
twisting measurements, it is necessary to fix a periodic structure in which the modulation planes of the
refractive index are set at a certain angle concerning the normal axis of the optical fibre. Figure 1 shows
the actual dimensions of the structure created in this way.

The structure shown in figure 1 was obtained using a laser using the phase mask method, which
ensures the propagation of light in such a way that the grid planes are located at an angle = 6° to the
normal axis of the fibre. SMF-28 single-mode fibre was previously photosensitized in a hydrogen
atmosphere at a pressure of 190 bar and a temperature of 20 °C for ten days. After recording, the grid had
a total length of 10 mm.
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10 mm

Figure 1 — Dimensions and characteristics of the created design TFBG, used as a rotation and rotation sensor

The structure thus created was then subjected to spectral tests. Figure 2 shows the transmission
spectrum of the designed structure. As we can see, it has several resonances for waves shorter than the
Bragg wavelength. As can be seen, the maximum height of the minima coming from the shells falls on
wavelengths in the region of 1540 nm. This wavelength range, as shown in figure 2, was chosen as a
measurement of the angle of veer and angle of rotation. The most significant dynamics of changes was
also obtained in this area, in particular, minima from mantle regimes, as well as changes in the rotation
and bending of the TFBG structure.
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Figure 2 — Transmission spectrum of the created structure. (The core resonance and several mode shell resonances are marked
on the characteristics. The wavelength range selected for analysis was marked by a darkened vertical rectangle)

Since it is known that a TFBG fibre responds to changes in the polarization angle of the light inlet
into such a fibre [9, 11], this article will show differences in the spectral response of such a system to
changes in its rotation and torsion angles.

During the measurements, the optical fibre rotated and twisted (figure 3a). In the case of rotation,
both ends of the fibre with the recorded TFBG element turned at the same angle, which led to the rotation
of the entire fibre. The length of the TFBG element was LTFBG = 10 mm, and the length of the optical
fibre between the right-hand rotating end of the fibre and the TFBG element was 15 mm.
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Figure 3 — Tuning and measurement method:
a) rotation, b) twisting, of the optical fiber in which the TFBG structure was recorded

In the case of twisted fibre optic cables, a 10 mm TFBG element is placed directly on the rigidly
fixed end of the optical fibre. The distance between the TFBG and the rotating end of the fibre was 30 mm.
A single-mode fibre SMF-28 with a diameter of 10.4 pm, a core diameter of 8.2 um, a sheath diameter of
125 pm and a coating diameter of 242 um was used. The length of the SMF-28 was 1 m. In both cases,
linearly polarized light of a known polarization plane was inserted into the fibre. There was used a light
source of SLD luminescent diode with a maximum power of 2.5 mW, a central wavelength of 1550 nm
and a passband of 90 nm. The measurement was carried out at a source current of 200 mA and a tempe-
rature of 20 °C. The polarization of light was determined and controlled using additional optical elements.
In the first case (figure 3a), both ends of the fibre were rotated using the precision shaft of the Thorlabs
HFRO07 optical fibre through the same angle with an accuracy of two degrees.

The rotation of the fibre caused changes in the energy distribution between the individual mode shells
in the TFBG structure. Energy changes were observed using a Yokogawa AQ63370D optical spectrum
analyzer. The spectral resolution of the analyzer was 0.02 nm. The optical spectrum was measured in the
range from 1490 to 1600 nm. In the second case (figure 3b), the measurements looked similar, but the dif-
ference was that only one end of the optical fibre was rotated, which led to the twisting of the optical fibre
and TFBG stored in it.

The idea of the measuring system is shown in figure 4. The light from the luminescent diode was
directed through the lens (O1) to the polarizer and to the half-wave plate (3/2), to let incident light pass,
controlling only its polarity. Then, through the lens (02), the light was directed to a single-mode optical
fibre with TFBG stored on it. The light was connected between the fibres and the lenses using the x, vy, z
manipulators from ThorlabsInc. Both reference points (1 and 2) were used to call and control the rotation
and twisting of the optical fibre using the TFBG sensor. The signal was measured after passing through

SLD

Figure 4 — Rotation angle and measuring system of rotation and rotation
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the entire system using an optical spectrum analyzer (OSA). In all measurements, a TFBG grid with an
angle 6 = 6°, was used; measurements were carried out at a stabilized ambient temperature of 20 © C and a
current SLD of 200.8 mA.

Analysis of the possibility of measuring rotation using inclined periodic structures. The made
TFBG structure was subjected to spectral tests in the system, as shown in Figure 4. As a result of changing
the angle of rotation of the TFBG fibre, the transmission spectral characteristics were obtained — figure 5
for various fibre orientations.
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Figure 5 — There is a change in transmitted optical power after passing through TFBG (6 °) at multiple angles of rotation

For a grating with an angle 6 = 6° the area of the most extensive transmission changes caused by the
rotation of the structure is from 1536 to 1548 nm (figure 5). As a result of preliminary measurements of
the transmission spectrum, the wavelength range corresponding to the mode shell was chosen.
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Figure 6 — Change in TFBG transmission characteristics for rotation angles from 0 to 100°

Figure 6 shows the changes in optical power after passing through the TFBG structure with the
selected region of the mode chosen shell for further measurements. A preliminary analysis of the spectral
characteristics showed the TFBG response to the rotation, which manifests itself in a change in the
amplitude of the minima coming from the mode shells at a length of 1542 nm, as well as a difference in
the wavelength corresponding to the minima for the mode shells in this wavelength region.

Further studies were carried out in the areca of 1542 nm, measuring the shifts of the minima of the
spectral characteristics and amplitude changes of the mode shells (figure 7). The TFBG transmittance
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Figure 7 — TFBG rotation effect: a) a difference in the mode amplitude for the selected wavelength,
b) a shift in the minimum corresponding to a specific mode in the envelope

changes for a given wavelength are shown in figure 7a. This figure also shows the transmittance measu-
rement points for TFBG (6 °). Figure 7b shows the phenomenon of a shift in the spectrum of the shell
mode due to the rotation of the TFBG structure. For practical reasons, this bias is most measured merely
by detecting extreme shifts in transmission characteristics. Figure 7b also shows the minimum measu-

rement region of the spectral transmission characteristics.

Figure 8 shows the results of spectral measurements of TFBG fibres rotated from 0 to 80 degrees.
The direction of rotation corresponded to the designation in the drawing and was called in work by the so-

called right rotation (P).

The part of the spectral range corresponding to the minimum value for small wavelengths (minimum
left) is called the S-shaped mode in the literature. The minimum amount indicated on the right is most
often stated in the documentation as a P-shaped mode[6-8].As can be seen, the rotation of the fibre optic
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Figure 8 — Transfer characteristics of the fabricated TFBG structure, measured for various rotation angles (P)

— 94 =——=



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2019

cable with TFBG causes a change in the excitation level of the left (S) and right (P) modes propagating in
the structure. This is caused by a difference in the coefficient of adhesion between the individual modes.
This effect can be used to determine the angle of rotation, for example, by measuring the power value for
a given wavelength. For this, a wavelength of 1542.2 nm was chosen (figure 7a), for which a significant
change in power occurs due to the rotation of the fiber. This wavelength can be used for indirect
measurements of the angle of rotation. According to figure 7a, for the starting position, the transmittance
takes a value below 0.5. Rotating the structure by 80 ° increases the transmittance for the selected wave-
length even up to 0.85. Moreover, in these ranges of rotation of the fibre, a minimal change in the trans-
mission characteristics is noticeable(fig.76 and figure 8). The wavelength corresponding to the minimum
transmission for the fibre in the reference position (veer angle is 0) is 1542.025 nm and moves as the veer
angle increases in the direction of short waves to 1541.94 nm at a veer angle of §0.

The obtained spectral characteristics also have regions where the power value does not change (or
changes insignificantly) during rotation. Individual modes exchange energy, but the power value for
wavelengths, for example, 1541.975 nm (figure 8), varies very little. Any change in the power value for
these wavelengths is the result of a change in temperature. If the temperature changes during the measu-
rement, the whole spectrum shifts, which leads to a shift in power for these specific wavelengths. This
phenomenon is called the temperature effect, which should be taken into account in spectral measurements
of TFBG under conditions of a variable angle of polarization of light.

Conclusion. In this article, we demonstrate the possibility of measuring the degree of rotation and
twisting of an optical fibre using a TFBG structure recorded on it with an inclination angle of 6°. It was
shown that when the sensor rotates through 180°, the transmittance changes from 0.5 to 0.84 at a
wavelength of 1541.2 nm. It is proved that the highest sensitivity can be obtained in the central part of the
processing characteristics, for angles from 30 to 70°. It has been shown that the same design can also be
used to measure the angle of rotation. TFBG responds to twisting along a 200° cable with a length of
10 mm (from 100 to +100°) by changing the transmittance in the range from 0.39 to 0.89 at a wavelength
of 1541.4 nm. This allows controlling both the veer angle and the twisting of the optical fibre using the
inscribed TFBG.
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BPOIT TOPBIH KOJJAHY APKBLIbI
ONTUKAJBIK TAJTHBIKTBIH BYPbLIIYbBI MEH AMHAJIYBIH OJIIIEY

Annotamus. bip MOIATEl ONTHKABIK TAMMIBIKKA OCKITIMTCH, 6° OYPHIMIKA HiNTCH MCPHOATHI KOJIOCY TaIIbIK-
TBHIK ONTHKAJIBIK BpA3TT TOPHIH KOJTAHA OTHIPHINT TANIBIKTHI OYPBUTY KOHE aifHaldy OYpPBHIMIBIH 6Ny OMiCi YCbI-
weutFad. Jarauk 180° aftrayranga, 1541,2 HM TOIKBIH Y3BHABFBIHAA 6TKI3Y KO3((uuucHTI 0,5-1¢H 0,84-r¢ meiiHn
e3repeTiHi OalKamaael. OMIIEy HOTIKCICPI OOMBIHIIA CH YKOFAPBI CCIIMTANIBIKTHI KAJaraH OaFbITKA KATHICTHI
30°-man 70°-ka ACHiHTI OypHIITAp YIOiH aIyFa OOJATHIHABIFE AHBIKTABL. OTKI3y CHCKTPIHIH 63TepiCi TOP apKBLIBI
OTETIH KAPBIKTHIH IOJLIPH3AIMSCHIHIAFEl AHBIPMAIBLUIBIFBIMEH 63 KAPKBIHABLUIBIFBIH ©3TCPTETIH KAOBIK MOJAIaph
yiriH opbiH anaapl. Cosl KyphUIBIMABI alfHATy OYPBINBIH 6JIIeY YIIH KOJJaHyFa 00yaxsl. ¥3bIHABFB 10 MM-ICH
acareH 200° OyphInIKa OYPHUIATHIH IEPHOATHI KOJIOCY TAIIIBIKTHIK ONMTHKAJIBIK Bparr TOpsIH amy MyMKiHZIITI 1omen-
aeHai. MyHsIH 09pi ci3re OypbuTy OYpBIIIBIH FAHA SMCEC, COHBIMCH Katap skacayraH [IOBT keMeriMeH ONTHKAIBIK
TAJIIIBIKTHI Oypay Abl 0acKapyFa MyMKIHAIK Ocpeai.

Tyiiin ce3aep: aTIUKTEP, TATIIBIKTHIK ONTHKAIBIK BparT Toper, Oypy bl emmey, aifHaTy A6l 67IIICY .
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W3MEPEHUE YTJIA IOBOPOTA U BPAIIEHHUA OIITHYECKOT'O BOJTOKHA
C HCIIOJB30OBAHHUEM BP3ITOBCKOU PEHIETKH

AHHOTaHI/Iﬂ. HpeﬂCTaBJ'IeH MCTOA HU3MCPCHHA YIJId MOBOPOTA U CKPYUHBAHUA C HCIOJB30BAHUCM NCPHOOM-
YECKOH HAKJIOHHOM BOJOKOHHO-ONTHYECKOH pemieTkd bparra (BOPB) ¢ yrioM HakiIoHA 6°, 3aNIMCAaHHOW B OZHOMO-
JIOBOC ONTHYECKOE BOJIOKHO. [T0Ka3aHO, YTO TpH BparmeHuH Jarynka Ha 180° ko3¢ PuIueHT MpoIyCKaHUS H3MCHSI-
erca ¢ 0,5 1o 0,84 nmpu amure BoHBL 1541,2 HM. B pesynprate H3MepeHUH OBLIO YCTAHOBJICHO, YTO HAHOOJBIIYIO
YyBCTBHTEJIFHOCTh MOXKHO IOJIYUHTH I yTI0B 0T 30 70 70° M0 OTHOMICHHUIO K 0a30B0H opueHTaruu. M3MeHeHue
CIEKTPA MPOILYyCKAHUS TIPOUCXOANT TSI MOJOB OOOJIOUKH, KOTOPBIC H3MEHSIOT CBOI0 HHTCHCHBHOCTD C H3MEHEHHEM
TIOJLIPU3ANUHI PACTIPOCTPAHCHUS CBETA YEpe3 PEHICTKY. Takas ke KOHCTPYKIHS MOXKET OBITh HCIOJIB30BAHA I
H3MEpEeHH YIJIa MOBOPOoTa. JI0KAa3aHa BOZMOXKHOCTH IIOJIYUCHHUS IMOBOPOTHOTO ycTpodcrea BOPB Ha yrom 200°
JmHOH Oonee 10 MM. DTO MO3BOLIET KOHTPOIMPOBATH KAaK YIOJI MOBOPOTA, TAK M CKPYUMBAHHE ONTHYCCKOTO BO-
JIOKHA C moMoIsi0 n3rotosieHuOro TFBG.

Kimo1ueBpie c10Ba: TaTINKH, BOJIOKOHHO-ONITHUCCKHE OPATTOBBIC PEINCTKH, H3MECPCHUE KPYUCHHUS, H3MEPCHHIC
BPAIICHHA.
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