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ESTIMATION OF TRANSMISSION PARAMETERS OF DIELECTRIC SELF-
SUPPORTING OPTICAL CABLES IN THE EXPLOITATION CONDITIONS

Abstract. In this paper, the estimation of transmission parameters of dielectric self-supporting optical cables,
which operate in Odessa and Kiev climatic zones, defined and estimated the additional components of the transmission
characteristics.
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OULIHKA MAPAMETPIB INIEPEJAYI JIEJIEKTPUYHUX CAMOYTPUMHUX
ONTHYHNX KABEJIIB B YMOBAX EKCILTYATAIII

B daHili pobomi nposedeHo oyiHKy napamempie nepedaui OdieseKMPUHHUX CAMOYMPUMHUX ONMUYHUX Kabesaie &8 ymosax
ekcnayamayii 6 Odecwkill ma Kuiscbkili kaimamuuHill 30Hax ma e6usHaveHi U oyiHeHi dodamkosi cksaadosi nepedaganbHuUx
Xapakmepucmuk.

Kawuosi cao8a: napamempu nepedadi, diesekmpuyHi camoympumHi onmuyHi kabesi, KAiMamu4Ha 30Ha ekchayamayii, gizuko-
KAIMAMUu4Hi HABAHMANCEHHA.

Introduction

Todays, advantages of application of self-supporting optical cables with different dielectric power elements
(SSOCd) on the overhead fiber-optic communication lines (FOCL) on the transport telecommunication networks
and networks of subscriber access cause no doubts [1 — 3].

Clearly, that for providing of transmission of high-quality optical signal for such SSOCd needs, that values
of transmission characteristics of cables were expected and corresponded to the requirements of ITU-T
recommendations.

In some works, for example, [4, 5] it is indicated that the module constructions of SSOCd are created thus,
that to provide surplus of length of optical fiber (OF), placed in a cables core, with the purpose of exception of
possibility by applying the mechanical tension to the optical fibers while occurrence of the tensile forces. It is
provided the spiral laying of the optical modules with optical fibres round a central power element (CPE) with the
certain radius R and step 4 (fig. 1). In addition, the optical fibers as a result of material thermocontracting of
structural elements during SSOCd making, placed in a middle of OM by gelikoide, that creates additional surplus of
OF length. Value of radius R, step 4 of spiral laying of OF and distances, between them and the internal surface of
OM wall, which enables free movement fibers in the middle of tube of the module, determines the measure of the

possible relative lengthening (longitudinal deformation) of cable SPC, which is the criterion of calculation of the
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maximall possible tensile loading FC [5]. The maximall possible tensile loading of a cable is a basic parameter of

longitudinal mechanical durability and that is why rationed
.- for every type of a cable in its technical specifications.
dom el Obviously, that, above all things, at presence of
such spiral laying of fibers, their length will not equal
length of SSOCd, which influences on the value of

transmission parameters of OF and cables.
A X H- . As known, to these transmission parameters of
AR‘ \ AR single-mode optical fibers behave: attenuation coefficient
r NS QL , dispersion of signal T and bandwidth AF | which is
Ri \\\ reciprocal to T [7, 8].

As known, SSOCd are under the dynamic action
of the mechanical, ice and wind loadings and temperature,
h that, above all things, cause it longitudinal deformation,

the size of which can constantly vary, causing the
permanent change of radius and step of spiral laying of OF
at a core and transmission parameters of cables [6].

Goal of work

Today, the estimation of transmission parameters
of SSOCd with power elements from different materials under the action of the mechanical, physical and climatic
loadings of exploitation areas is not exposed to a

Fig. 1. Spiral laying of the optical modules round a central
power element

LemTTTTTTTE “~.. full degree.
gl TN Calculation expressions for values of
o N transmission parameters of optical fibers and
/ RN SSOCd are widely presented in the literature, for
/ kY example [7, 8].
/ \ For the estimation of change of

transmission parameters of SSOCd during
exploitation under the action of climatic factors it
is necessary to expect the additional components of
transmission characteristics, the values of which
\ Rpe Rpena depend on, above all things, the structural features
' . of cable: to the radius and step of spiral laying of
A B / OF in a cable and it bends during exploitation on
. L // poles of FOCL.
s . Accordingly to [9, 10] -calculation
A LA Na ) expressions of additional components of
Ry ” v S "Rb attenuation coefficient, dispersion of signal and
reason of their appearance are given in table 1.

For determination of component of signal

attenuation coefficient QL ; it is necessary to know

the change of parameters of spiral laying in the
moment of action on SSOCd the external physical

S S /" and climatic loads. Accordingly to [5, 6] change of

Fig. 2. Formation of imaginary circles with radiuses Rbend and Rb the relative lengthening of a cable gc causes the
with sagging SSOCd in span of air FOCL

change of parameters of spiral laying of OF R and
h. However, the change of step of spiral laying at appearance of the longitudinal loadings on SSOCd can be not
taken into account as a result of small meaningfulness [8].

Thus, the longitudinal lengthening of a cable, which creates under the action of the certain physical and
climatic loadings on SSOCd, above all things, causes the change of radius of OF laying and, as a result, distances
between fibers and internal surface of OM wall. This connection between the longitudinal relative lengthening of a

cable and distance ARC is possible to present as expression

8PC 8c
AR, AR’ M

here Spc, AR . — the maximall possible relative lengthening of a cable and distance between OF and OM wall,

p
that provides it; €, ARC — the relative lengthening of a cable and distance between OF and OM wall, that apperas
here at the certain loadings.
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Connection between the radius of spiral laying of OF in the core of SSOCd and distance ARC between

fibers and internal surface of OM wall shows expression, which is got in [8]

here dCPE — diameter of CPE, mm; AtOM — a radial thickness of OM wall, mm; ARC — distance between OF and
internal surface of OM wall, mm; d or — diameter of OF with shell, mm.

Bend radius of SSOCd in span Rb end » Which is got in expression (7), is a radius of imaginary circle, part

of which coincides with the arc of sagging of SSOCd in span (fig. 2). The radius of bend of SSOCd in the places of
binding on poles depends on the size of arrow of sagging of SSOCd and limited to the value minimum of possible
bend radius of a cable, which is rationed in its technical specifications.

From fig. 2 evidently, that radius of imaginary circle of sagging of SSOCd in span it is possible to define

by Pythagoras theorem
1 (L7
Ry ==—| ==+ 7. 3
bend 2f[ 4 f J ( )

here f — sag of SSOCd in span at the certain loads; m; LS — length of span of FOCL, m.
As you can see from fig. 2 an arc of sagging of a cable in span is part of imaginary circle by a radius, and in

the places of binding to poles — Rb .

Temperature dependence of sag of SSOCd, certainly, creates the change of radiuses of bend R, ;, and R,

during exploitation. It creates a necessity for research of change of transmission parameters of dielectric self-
supporting optical cables dependently on the terms of hanging and action of temperature.
The additional component of signal dispersion, which can appears only in the case of lengthening of

SSOCd on the size of the maximal possible relative lengthening € e and which depends on the parameters of spiral

laying of optical fiber in the core of cables, is polarization mode dispersion T, [11].
During the calculations of value of component signal dispersion T; as the parameter R in expression (9)
can understand the radius of spiral laying of OF in the core of SSOCd, at calculations T, , — radius of bend of

cable R, , inspan, and at calculations T , —radius of bend of cable R, in the place of binding on poles.

Using the expressions (1) — (9) the calculations of additional components of transmission characteristics of
SSOCd and estimation of their transmission parameters at appearance of loads of two climatic areas of exploitation
were performed. Calculations were performed for: SSOCd of types OKJI-3-J12A14-3x4E, OKJI-3-J13A14-3%4E,
OKJI-3-J14A14-3%4E, that exploitate in the conditions of Odessa and Kiev climatic areas, length of span of air

FOCL L o = 50 m (the network of railway transport, line of electro-transmission, electrified with tension to 1 kV),

wavelengths of the second (1310 nm), third (1550 nm) and fourth (1595 nm) transparancy windows, wavelengths of
cutt-off of 1260 nm regions, 1450 nm and 1530 nm accordingly, at three chemical compositions of OF core — 3,1%
Ge0,, 96,9 % SiO,; 7 % GeO,, 93 % Si0,; 13,5 % GeO,, 86,5 % Si0,, relative difference of refraction indexes of

the core and the cladding of OF A =0,005, the step of spiral laying A =100 mm, the radius of bend R, equals 20
diameters of SSOCd, the diameter of CPE dCPE = 2,7 mm, the OM diameter dOM = 2,5 mm, the thickness of

OM wall At = (0,15...02)d ;.

microns, possible relative lengthening of SSOCd in range (0...0,368) %, which defined in [6, 8]. Characteristics
conditions:

the diameter of the fibers with protective and painted covers dOF: 250

- Odessa climatic area: high speed of wind in default of ice-storm V|, = 28,3 m/s; high speed of wind at

ice-storm KS = 23,6 m/s; a maximal thickness of ice wall on a cable Al‘i e — 28 mm; average annual temperature —
10,3°C[12].
- Kiev climatic area: high speed of wind in default of ice-storm ¥V = 25,3 m/s; high speed of wind at

ice-storm ¥ = 18 m/s; a maximal thickness of ice wall on a cable Af,, = 16 mm; average annual temperature — 8

°C[12].

Such suppositions were accepted in the calculations of additional component of transmission parameters of
SSOCd:

1. The change of bend radius of SSOCd in the places of binding on poles from a temperature was not taken
into account, and accepted even minimum to the allowable value.
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2. Through the small radius of spiral laying of OF in the core of SSOCd comparatively with the radius of
bend of cable in span of air FOCL, an optical fiber during the calculation of value was examined as such which is
laying on an arc.

Calculation of total attenuation coefficient of SSOCd, got by expressions (1) — (7) and recognition [7, 8]

allowed to get dependence of SSOCd on the relative lengthening of cable € e %, that appears under the action of

loads on SSOCd of different external environments. On fig. 3 dependence of the total attenuation coefficient of
SSOCd type OKJI-3-12A14-3%X4E ogsocqon A = 1550 nm from the relative lengthening of cables € pe- % 1is shown.

On fig 4 the graph of spectral dependence of total linear dispersion of SSOCd is shown recognition and
without by the account of additional component dispersion of signal.
On fig. 5 spectral dependence of bandwith of SSOCd is shown for chemical compositions of OF core 7 %

GeO,, 93 % Si0,; 13,5 % GeO,, 86,5 % SiO, at presence and absence of additional componenet AF' .

$SOCd under loads of
own weight

Oissocd,
dB/km

Tssocds

ps/’km

TenrtTad

1
0.212

7 % Ge0O,, 93 % SiO,

Maximal loads in Kiev areas

SSOCd in
drum

/

P.212

0f
0.212 o1
Maximal loads in Tehr Tad
Odessa areas 3,1 % Ge0,, 96,9 %
0.212
0 0.1 0.2 0.3 - S S S 5
° 1.3x10 1.4x10 1.5x10 1.6x10
EUC, A)
A, nm

Fig. 3. The dependence of the total attenuation coefficient SSOCd Fig. 4. Graph spectral dependence of the total linear dispersion of

SSOCd with and without additional t
0ssoca at A= 1550 nm from lengthening of cables gpc , % With and without additional componen

|
51x10
A}:‘SSOCd ’ x
TH-km
0 0, 1
3,1% GeOy, 96,9% Si 13,5% GeOs, 86,5% SiQ
AF
25410 /
3,1% GeO,, 96,9%
SiO,
AFFAFq 13,5% GeOs, 86,5% SiO,
AF+AF,,;
2.4910”
1.3x10° 1.4x10° 1.5x10° 1.6x10°
A, nm

Fig.5. Graph of bandwidth from wavelength

Estimation of transmission parameters of SSOCd in the conditions of exploitation in Odessa and Kiev
climatic areas allowed to set that:

- the transmission parameters of OF and SSOCd differ due to surplus length of fibers in the core of
cables, which is conditioned it by a spiral laying with a certain step and radius.

- change of value of attenuation coefficient (QL ,,) on wavelengths A 1310 nm, 1550 nm, 1595 nm,
conditioned by the spiral laying of OF in a core. It has the most value in default of loads of cables on a drum and
does not exceed 2,1 % from the own losses of optical fiber and proportionally diminishes under the action of the
longitudinal loadings. Under the action of loads, that relative lengthening of SSOCd, and temperatures of
exploitation QU ., diminishes, mostly, due to straightening of spiral of OF on 0,23 % in the conditions of the Odessa
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climatic area and on 0,12 % in the conditions of the Kiev area on supporting lengths of waves of the second, third
and fourth transparancy windows. Additional losses due to the bends of different types of SSOCd in span of FOCL
are 0 %, and due to minimum possible bends in the places of binding — does not exceed 0,1 % at all wavelengths;

- the spiral laying of optical fiber in the core of SSOCd and lengthening of cable to the maximal
allowable value results in appearance of additional positive polarization dispersion, and bends of cables in span of
FOCL and in the places of binding — to negative polarization dispersion;

- the additional component of signal dispersion makes from the value of the rationed linear chromatic
dispersion in accordingly to recommendations of ITU-T: for the second transparancy window region — 5,7 %, for the
third — 1,1 %, for the fourth — 5 %.

- bandwith AFy ., itis a reciprocal to linear signal dispersion and can change in a range 10,1 % at

all of the considered chemical compositions of OF and wavelengths.

Summary

In this work performed research in relation to the estimation of transmission parameters of SSOCd in the
conditions of exploitation allowed to do such conclusions:

1. In this work the estimation of transmission parameters of dielectric self-supporting optical cables is
performed in the conditions of exploitation in Odessa and Kiev climatic areas and the additional components of
transmission characteristics are defind, that conditioned the spiral laying of OF in the core of SSOCd, by the bends
of cables during sagging in span and in the places of binding to poles.

2. Results of calculations and researches of parameters it was allowed to set the transmissions of SSOCd,
which are exploited in the conditions of Odessa and Kiev climatic areas, that:

- achange of value of attenuation coefficient of SSOCd on wavelengths 1310 nm, 1550 nm, 1595 nm,
mostly, conditioned the spiral laying of OF in the core of cable. Attenuation coefficient of SSOCd has a most value
in default of loads of cables on a drum and does not exceed 2,1% from the own losses of optical fibre;

- the additional constituent of signal dispersion appears only in the case of the relative lengthening of
SSOCd to the allowable value and makes from the value of the rationed linear chromatic dispersion in accordingly
to recommendations of ITU-T: for the second transparancy window region — 5,7%, for the third — 1,1%, for the
fourth — 5%, that matters very much at the use of DWDM technologies of FOTS.

- bandwith AFg .., depends on linear dispersion of signal and can change in a range £ 0,1% at all of

the considered chemical compositions of OF and lengths of waves.

3. The estimation of transmission parameters of dielectric self-supporting optical cables in the conditions
of Odessa and Kiev climatic areas can be made to order to the use in cable industry on the stage of planning of
optimum constructions of SSOCd for application in the concrete terms of exploitation.
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O.C. 3BAI'lH

BiHHHIBKHI HAl[IOHAIBHUN TEXHIYHUN YHIBEPCUTET

CUCTEMA JIUIs1 BUMIPIOBAHHSA
I KOHTPOJIIO BOJIOI'OCTI HA®TOIIPOAYKTIB

Po3spob.aeHo MikponpoyecopHy cucmemy 0151 BUMIPIOBAHHS | KOHMPO/IO 801020cmi HAggmonpodykmis, wjo modice
6ymu 8ukopucmaHa Ha HaghmonepepooHUX NiONPUEMCMBAX, d MAKO}C Y 8UMIPI08AIbHUX 1a60pamopisix nid yac eudo6ymky
Hagpmu. Ompumano 3aaexcHocmi @yHKYii nepemeopeHHss ma 8u3HAYeHO 4yymaugicmoe. Po36ixcHicmb meopemuyHux ma
eKcnepuMeHmMa/abHUX pe3ybmamie He nepesuwiye 3%.

Karouosi caoea: 8onozicms, Haggmonpodykm, EMHICHUL ceHcop, 8i0'emHuli onip

0O.S. ZVIAHIN

Vinnytsia National Technical University, Vinnytsia, Ukraine
THE SYSTEM FOR MEASURING AND CONTROL OF PETROLEUM PRODUCTS HUMIDITY

Abstract - The system for measuring and control the petroleum products humidity is developed and can be used in the oil industry
and in test labs during oil production. The dependences of functions of transformation and sensitivity of petroleum products humidity are
obtained. The divergence of theoretical and experimental results is 3 %.

Keywords: humidity, petroleum product, capacitive sensor, negative resistance

Beryn
BusnauenHs Bojorocti B HadTi Ta Macliax 3aBXAu OyJIo OJJHIEI0 3 TOJOBHUX MpobaeM aist daxisuis. Boa,
sKa TPUCYTHS B TiJPaBJIIYHUX | MACTHJIbHUX PIIUHAX, MOXKE BUKJIMKATH 3HAYHI ITOIIKO/PKEHHS TEXHOJIOTIYHHX
BY3JIiB, SIKi OTPEOYIOTh 3MaIllyBaHHsI JeTajicii. be3 BiImoBiqHUX MPUCTPOIB Ta 3aCO0IB KOHTPOJIIO BAXKKO MOMITHTH
1XHe MOTOYHE pyWHYBaHHs. Boaa HasBHa y HadTi crpusie KOpo3ii, IpH il TpaHCIOPTYBAHHI MOYKE CIIOTBOPIOBATH
MOKa3K BUTPATOMIPIB, & TAKOK MPU3BOJNUTH JO MEPEAYACHOTO 3HOIIEHHS OOJaHAHHS Ta BUHUKHEHHS aBapiiHUX
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