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ABSTRACT

Context. One of the issues of theoretical and practical research studying phenomena that occur over time and lead to violations
of the normative work of optical cables (OC) are ways to ensure and control their reliability during operation.

Today, electronic communication (telecommunications) has already gained significant integration and widespread use due to the
urgent need to exchange large volumes of information between users or network devices at high speeds and over long distances, as
well as the provision of a wide range of electronic communication services.

The electronic communication service has a high level of demand and consists in receiving and/or transmitting information
through electronic communication networks, which is transmitted using electronic communication networks and services.

In an electronic communication network, the transmitting/receiving of optical signals is provided by the fiber optic transmission
system (FOTS). It is capable of converting electrical signals from a variety of digital devices into optical signals and transmitting
them over fiber-optic communication lines (FOCL), which is the main transmission medium in an electronic communication net-
work.

The problem of ensuring the reliability of the FOCL, which includes a wide range of issues related to the development and pro-
duction of all its elements, design, construction and technical operation of the communication line, continues to gain more and more
importance.

In general, the transmitting/receiving of information between end users equipment, communication nodes, network devices (serv-
ers, databases, etc.) takes place through an electronic communication network.

Normative and technical documentations for fiber-optic communication lines regulates the control of the mechanical state of the
optical cable during operation, but do not provide the full control of the mechanical state of the optical fiber to ensure the quality and
reliability of the line during the specified service life.

As known, to ensure the reliability of the optical cable, as a rule, the permissible elongation of the optical fiber (OF) is
g0r < (0.2...0.25) %, adopted during the designing of the cable. However, during operation, the appearance of multiple excess of
elongations exceeding these values is possible in the fibers.

Thus, the development and substantiation of methods for evaluating the mechanical characteristics of a dielectric self-supporting
optical cable (DSOC) and the method of full control of the mechanical state of the optical fiber is necessary. The last can lead to
premature failure of the optical fiber.

Objective. Development and substantiation of the method of control the mechanical state of an optical fiber of the suspended
DSOC, as well as assessment of the conditions of deformation of optical fibers in its core with the appearance of longitudinal ten-
sile/compressive loads during operation.

Method. Two ways of evaluating the mechanical characteristics of DSOC and the method of control the mechanical state of its
fibers have been developed and proposed. For this, the following characteristics of the cable and fiber are adopted in the work: rela-
tive elongation of the cable and fiber (.., €or,), span length (L) of the line, cable sag in the span (f,) and tensile load (TL) of the
cable (F},), which causes longitudinal deformation €. At the same time, the method proposes to control the mechanical state of the
optical fiber during the operation of the DSOC by determining its effective relative elongation according to the mechanical, physical
and climatic conditions of the line location.

In the paper, it is proposed to measure and calculate the following mechanical characteristics, due to the developed reference data
for the selection of the cable type and the climatic zone of the line location, measuring equipment and mathematical tools:

— equivalent mechanical tension in DSOC;

— calculated and actual cable sag in the span;

— actual effective relative elongation of the cable;

— actual tensile load acting on the cable.

The ways and method presented in the work allow a complete evaluation of the mechanical characteristics of the cable and con-
trol of the mechanical state of the optical fiber during operation of the DSOC. It creates an opportunity to monitor its changes to pre-
vent the appearance of excessive loads during operation and failure of the fiber-optic communication line.

It is possible to recommend this method for use by relevant departments for technical operation of telecommunication lines and
networks based on hanging optical cables.

Results. The work presents the results of the development and justification of the method of control the mechanical state of opti-
cal fibers of dielectric self-supporting optical cables during operation. For example, using the developed method, it is shown that in
the cable OKL-3-D2A14 produced by PJSC “Odeskabel” in the conditions of the Odesa climate zone (Black Sea region), optical
fibers with a span length of 100 m are subject to elongation by 0.16 %, and DSOC is subject to an actual tensile force of 2.722 kN.
This result of the control of the mechanical state of the OF established that such span of the line ensures its mechanical integrity
within the limits of the permissible deformation of 0.25 % adopted in the design of the cable, but exceeds its permissible tensile load
of 2.6 kN.

Conclusions. The scientific novelty of the work results is that, for the first time ways of fully evaluating the mechanical charac-
teristics of the DSOC during operation and the method of fully control the mechanical state of its optical fiber have been developed.
It allows to monitoring changes in the mechanical state of the optical fiber of the cable.

KEYWORDS: relative elongation, dielectric self-supporting optical cable, optical fibers, mechanical stresses, longitudinal ten-
sile load, physical and climatic loads.
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ABBREVIATIONS

FOCL is a fiber-optic communication line;

OC is an optical cable;

OF is an optical fiber;

DSOC is a dielectric self-supporting optical cable;

TL is a tensile load;

OFOCL is an overhead fiber-optic communication
line;

CSE is a central strength element;

PSE is a peripheral strength element;

RTD is a domestic regulatory and technical documen-
tations;

ADSS is an All-Dielectric Self-Supporting cable;

BR is a Brillouin reflectometer;

MPTL is a maximum permissible tensile load;

FR is a fiberglass rods;

AT is an aramid thread;

MPC is a maximum permissible relative elongation of
a cable;

OM is an optical module tube of a cable.

NOMENCLATURE

€,0r 18 a permissible elongation of the optical fiber;

€.c0r 1 an excess length of the optical fiber;

€,x 1 @ permissible elongation of the optical cable at
some condition;

€. 18 a relative elongation of the cable at some condi-
tion;

€qex 15 an actual additional relative elongation of the
cable under certain climatic conditions;

€mpe 1S @ maximum permissible relative elongation of a
cable;

€ory 18 a relative elongation of the fiber at some condi-
tion;

Ly, s aspan length of the line at some condition;

1 is a cable sag arrow in the span at some condition;

F, is a tensile load of the cable at some condition;

F,.,1s a maximum permissible tensile load;

¢ is a longitudinal elongation;

P.is a weight of the cable;

D, is a diameter of the cable;

doc is a temperature coefficient of linear expansion of
the cable;

E,, is an Young’s modulus of the cable;

v is a wind pressure;

At, is a thickness of hoarfrost;

At; is a thickness of ice;

o) is an equivalent mechanical stress of the cable;

L, is a length of the span of the OFOCL;

v1 is a specific load of the own weight of the cable;

f is a cable sag arrow in the span;

S is a cross-sectional area of the cable;

n is an overload factor;

o, is a equivalent mechanical stress;

v, is a specific load on the cable under physical and me-
chanical conditions of the climatic zone;

t, is a cable temperature under certain conditions;

Ssk is a cross-sectional area of all strength elements of the
cable;
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g is a Galilean constant;

h is a dimensions of the OFOCL in the span;

R is a radius of the spiral arrangement of the element
around the CSE;

AR is a distance between OF (or OF bundle) and the
inner surface of the wall of OM tube;

hy is a step of spiral laying of elements (OM or filler
element) of the cable core around the CSE;

0, 1S an actual mechanical stress of the cable along
the length of the line span;

fux 1s an actual cable arrow sag in the span of the line;

F . 1s an actual tensile load of the cable under the in-
fluence of certain conditions of the operating environ-
ment;

6, 1s an actual mechanical stress of the cable obtained by
measuring f;

G 1S an actual mechanical stress of the cable obtained
by calculating f,..;

fur 1s @ measured arrow of cable sag in the span of the
line;

Jaxe 18 @ calculated arrow of cable sag in the span of the
line.

INTRODUCTION

During the operation of a dielectric self-supporting
optical cable, its optical fiber, as a rule, is under certain
local or distributed along its length mechanical loads that
create mechanical stresses. The mechanical stresses of the
DSOC itself, suspended on the supports of the overhead
fiber-optic communication line (OFOCL), appear under
the influence of mechanical (cable weight, the radius of
its bending in the clamps of the pole) and physical and
climatic factors of the operating area (temperature, wind
pressure, hoarfrost, ice, etc.). As known, changing the
longitudinal mechanical actions on the cable leads to its
tension or compression, that is, changes in its span length,
sag and tensile load. Therefore, when choosing the design
of the DSOC and calculating the conditions for its sus-
pension and operation, it is necessary to take into account
the constant action on the cable of mechanical, physical
and climatic factors of the location of the OFOCL. At the
same time, ensuring the proper technical condition of the
line during the expected service life requires monitoring,
first of all, the mechanical characteristics of the cable.

In turn, the sag of the DSOC in the span of the line
under the worst conditions of its operation makes it possi-
ble to check the actual tension in the cable according to
the value of the initial tension, which was during the
building of the line. Therefore, during the year, the opera-
tion of the OFOCL takes place with a change in the me-
chanical condition of the DSOC and its fibers.

A complete assessment of the mechanical condition of
the DSOC is based on the determination of the specific
loads on the cable in the span of the OFOCL and its me-
chanical characteristics. The action of excess stresses in
the optical fiber leads to the appearance of multi-zonal
cracks in its material, which eventually destroy it, thereby
reducing its service life. In general, ensuring the quality
and reliability of the line during the specified period of
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operation requires monitoring the mechanical characteris-
tics of the cable and the mechanical state of the fiber in
combination with its maintenance.

Control of the mechanical state of the optical fiber
during cable monitoring should be simple and easily ac-
cessible to the line operator’s linear personnel.

In the regulatory and technical documentations for the
projecting, building and operation of the OFOCL, there
are no ways for assessing the mechanical characteristics
of the DSOC and the method of control the mechanical
state of its optical fiber. Therefore, the development of a
method for improving the control of the mechanical state
of optical fibers of dielectric self-supporting optical ca-
bles along the length of the OFOCL span is necessary and
timely.

The object of study is the control of the mechanical
state of the optical fiber of a dielectric self-supporting
optical cable with a central strength element (CSE) made
of a fiberglass rod and a peripheral strength element
(PSE) made of aramid threads during the operation of the
DSOC of the electronic communication network.

The subject of study is the mechanical state of the
optical fiber of the DSOC, depending on the length of the
OFOCL span and the conditions of its location in the elec-
tronic communication network.

The purpose of the work is development and justifi-
cation:

— ways of assessing the mechanical characteristics of
the DSOC along the length of the OFOCL span during
operation;

— the method of control the mechanical state of the op-
tical fiber of cable;

— analysis and discussion of the results of research of
DSOC and its fiber according to the developed ways and
method.

1 PROBLEM STATEMENT

Suppose there is DSOC model with a modular design,
which contains a certain number of optical fibers and has
technical characteristics that depend on its design features
and purpose. First of all, these are: weight P, and diame-
ter D, of the cable, equivalent temperature coefficient of
linear expansion of the cable oaoc and the Young’s
modulus of the cable E,,, permissible relative elongation
of the cable ¢, and fiber eop,, maximum permissible ten-
sile load of the cable F;,. Such DSOC will be suspended
on the poles of the OFOCL in a certain climatic zone of
operation, which is characterized by the length of the line
span L, the cable sag arrow in the span f,, the range of
environmental temperatures, the pressure of the wind v,
the thickness of hoarfrost Az, and ice At at the worst cli-
matic conditions. Under the influence of mechanical,
physical and climatic loads, excessive loads may appear
in the structure of the cable and optical fiber, which can
lead to fiber breakage and failure of the communication
line.

The task of control the mechanical state of the optical
fiber and cable, determining the suitability of DSOC for
successful operation in such climatic zone consists in de-
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termining and monitoring the implementation of the fol-
lowing conditions: €opy < €,0F , Fyy < (0.65...0.70)F ;.

In turn, the problem of assessing the mechanical state
of the optical fiber and DSOC consists in that it is neces-
sary to determine the actually acting loads on the OF and
DSOC, which depend on the physical and climatic condi-
tions of OFOCL operation, i.e. €opy, Fux = f (Pe, D,, Ooc,
Eop Lo, fro t, 0, Aly, AL).

For this purpose, it is necessary:

— to create a reference base of the method with the
geometric and structural parameters of the DSOC ele-
ments, equivalent temperature coefficient of linear expan-
sion apc and Young’s modulus £,, of the cable, physical
and climatic conditions of operation;

— to develop and justify ways of assessing the me-
chanical characteristics of the DSOC during operation and
the method of control the mechanical state of its optical
fiber;

— analyze the results of control the mechanical charac-
teristics of the DSOC along the length of the line span
and, based on the values of the relative elongation of the
optical cable, give conclusions about the mechanical state
in the selected climatic zone;

— to determine the value of the actual mechanical char-
acteristics of the DSOC and the mechanical state of its
optical fiber;

— analyze the results of control the actual mechanical
state of the optical fiber.

2 REVIEW OF THE LITERATURE

Analysis of international and domestic regulatory and
technical documentations (RTD) and number of works by
well-known authors in the field of fiber-optic communica-
tions, in particular, the development, production and op-
eration of optical cables [1 — 12] showed the lack of com-
pleteness of research in this direction, and especially in
the field of control of mechanical state of an optical fiber
in DSOC during operation.

Thus, in the IEEE international standard “Standard for
Testing and Performance for All-Dielectric Self-
Supporting (ADSS) Fiber Optic Cable for Use on Electric
Utility Power Lines” [1] there are requirements for the
design, mechanical, electrical and optical characteristics
of DSOC used on suspended engineering networks. Spe-
cial attention is paid to maintaining proper optical fiber
reliability and assessing overhead power line sag using a
simple optomechanical system with optical fiber parame-
ters.

In [2] it is shown approaches and recommendations
for the selection of materials and the calculation of modu-
lar structures of cables and, first of all, strength elements
in accordance with the requirements of international stan-
dards. The authors of the paper [3] proposed the method
of evaluating the economic efficiency of multi-module
optical cable designs based on mass-dimensional indica-
tors, the results of which can be used for the selection of
DSOC when designing OFOCL.

Some foreign and domestic authors [4—6] paid some
attention to the study of some of the mechanical charac-
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teristics of DSOC and control of the mechanical state of
the optical fiber. As it is known, during the projecting,
building and operation of the OFOCL, the assessment of
the mechanical characteristics of the DSOC and the con-
trol of the mechanical state of the optical fiber are neces-
sary. However, the results of studies in [4, 5] of the
stresses of the DSOC and the mechanical state of the opti-
cal fiber under the influence of tensile forces and the op-
erating temperature of the line are insufficient. The last is
proof of the need for a full assessment of the mechanical
characteristics of DSOC and control of the mechanical
state of the optical fiber.

Real elongation of an optical fiber can be both short-
term and long-term. It can reach an undesirable value
during cable operation, that is, greater than the calculated
value in the cable design [5].

In [6], the results of the study of the influence of me-
chanical stress in a special single-mode optical fiber,
which can maintain the state of polarization of transmitted
light and have the ability to resist the effects of the envi-
ronment, are presented. These results also confirm the
need to control the mechanical state of the optical fiber of
the DSOC during the operation of the OFOCL.

In addition, the current regulatory and technical
documentations of Ukraine on the projecting, building
and operation of OFOCL provides for compliance with
the required technical state of the cable and its fiber. In
the rules for the arrangement of electrical installations [7],
it is recommended to perform the calculation of the me-
chanical state of the DSOC based on the value of the de-
sign loads using the allowable stress method, taking into
account the residual deformation in the cable and the al-
lowable loads on the fiber.

The regulatory and technical document of Ukraine in
recommendations for hanging optical cables P 45-010-
2002 [8] provides recommendations for hanging optical
cables on the supports of overhead lines, power lines,
railway contact networks and recommends cables with
maximum tensile and crushing loads that have an increase
in the coefficient OF attenuation is no more than 0.05 dB.
The last also requires monitoring of the mechanical state
of the DSOC and its fibers during the operation of the
OFOCL.

In [9, 10], the method of control the reliability of an
optical cable using a Brillouin reflectometer (BR) is
shown, which works on the basis of the method of repro-
ducing the physics of the effect of multi-zone cracks in
the quartz fiber material. Depending on the stress in the
material and the area of its location, the reliability and
service life of the OFOCL is evaluated. In general, by BR
establishes the nature of the dependence of the service life
of an optical fiber on its tension, namely on the action of
stresses.

The main drawback of the method is the complexity
of operating the reflectometer and its cost, which is be-
yond the reach of most operators of fiber-optic communi-
cation lines.

Thus, the review of literatures sources shown that in a
limited number of works the requirements and methods of
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assessment and even monitoring of some mechanical
characteristics of the optical cable in the span of OFOCL
are given. But they do not give a full assessment of the
mechanical state of the DSOC and its optical fiber. In this
regard, the development and substantiation of a cheap and
easily accessible method of controlling the mechanical
state of OF in DSOC during operation is necessary.

3 MATERIALS AND METHODS

To begin with, it is necessary to perform theoretical
foundations of the method.

The peculiarity of the operation of DSOC suspended
on the poles of OFOCL, compared to the operation of
cables laid, for example, in the soil, in cable ducts, etc., is
the effect on them of dynamic mechanical, physical and
climatic loads. As noted earlier, these loads cause a
change in the length of the cable in the span between the
line supports and the appearance of its mechanical tensile
(compression) of stresses. The last makes it necessary to
determine the cable sag in the span and the tensile load to
which it corresponds.

The conditions for hanging the DSOC and its me-
chanical state during operation are determined by the val-
ues of: cable mechanical stress (o), relative elongations
of the cable and its optical fiber (e, €ory), span length
(L), sag (f,) and tensile load (TL) of the cable (F),
which is caused by the longitudinal deformation €. At the
same time, under any operating conditions, it is necessary
to ensure that the tensile force of the cable Fy is less than
its maximum permissible tensile load F,,; (MPTL), which
is indicated in the technical conditions, 1i.e.
F £(0.65...0.70) F ;. In turn, the tensile loads acting on
the structure of the DSOC will make it possible to deter-
mine the mechanical state of the OF in the core of the
cable and its changes.

According to, for example, [11] hanging and installa-
tion of communication network cables can be carried out
at temperatures from minus 5 °C to plus 50 °C, and opera-
tion — from minus 40 °C to plus 70 °C. In addition, differ-
ent designs of DSOC provide different values of the
maximum allowable tensile loads due to central and pe-
ripheral strength elements or their combination. This is
due to the difference in the conditions of their suspension
and operation (length of span, climatic conditions, etc.).

In the absence or effect of external physical and cli-
matic loads (hoarfrost weight, ice weight) on the cable, in
addition to when it is affected by its own weight and the
temperature of the environment, it is possible to evaluate
the mechanical state of the DSOC structure by the of sag
arrow in the line span during operation. In order to control
the mechanical state of the optical fiber, it is necessary to
perform calculations of the sag arrow f, for an extended
temperature range (—5...+70) °C. It is possible to estimate
the results of the f; calculations based on the data of its
measurements using special equipment. In addition, the
measured values of f, make it possible to find out about
the value of the actual mechanical stress o, (or longitudi-
nal deformation ¢,,) in it and to determine the actual ten-
sile load acting at this moment. This will make it possible
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to monitor changes in the mechanical characteristics of
the cable over time to prevent the appearance of excessive
TL and breakage of optical fibers.

In order to solve the given problem, it is possible to
choose the following modular constructions of DSOC as a
research subject, which contain:

— CSE and PSE from fiberglass rods (FR);

— CSE from fiberglass rods and PSE from winding
aramid threads (AT).

Since the ways of assessing the mechanical state of
these cable structures are the same, and the results will
differ only due to the values of their equivalent tempera-
ture coefficient of linear expansion and Young’s modulus
of the cable, the second structure of the DSOC was cho-
sen for research.

At the same time, the following assumptions are ac-
cepted in the work:

— fiberglass rods work within the limits of elastic de-
formation;

— the relative longitudinal elongation of aramid
threads creep is not taken into account in the calculation
of the PSE tensile load;

— the cable suspension points on the overhead line are
at the same height.

As an example, let’s solve the given problem for a ca-
ble produced by PJSC “Odeskabel” (Fig. 1), which is sus-
pended on a OFOCL located in the conditions of the
Odesa climate zone.

In this work, the following expressions are used to es-
timate the specific loads of the DSOC and its mechanical
characteristics during operation.

Figure 1 — Design of DSOC with strength elements from FR
and AT: 1 — optical fiber; 2 — optical module tube (OM); 3 —
CSE (fiberglass rod); 4 — filling compounds; 5 — fastening ele-
ment; 6 — intermediate shell; 7 — PSE (winding of aramid
threads); 8 — outer shell

The equivalent mechanical stress o, which appears in
the cable due to its suspension and the action only the
self-weight of the DSOC, can be determined using the
transformed formula for determining the sag arrow [11]:

2
51 :_Lg}“ _ (1)
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The last expression is valid with sufficient accuracy
for engineering calculations when the cable is suspended
at the same heights.

The specific loads on the DSOC (y;...y;) characterize
the physical and climatic loads on the cable under operat-
ing conditions and include the load from its own weight,
wind pressure, the weight of hoarfrost and ice.

The specific load from the self-weight of the DSOC
can be determined by the expression [11]:

L
nEgn (@)

It is possible to determine the equivalent mechanical
stress in the DSOC o, under the influence of physical and
climatic loads using the equation of state of the suspended
cable in the span under the condition of the equality of the
suspension points (Fig. 2) [11]:

Ac’ + B +C=0. 3)

L2y2
here A=(1+ay.(f, —1))| 1+—=L|;
( OC(,\’ ))( 2462j

1

LyE, >
B=(1+ococ(tx—t)){—“Yl 1 —cl}

2467 240,
-LY,E,
+O"OCEeq(tx —f) ) C= T .

It is possible to solve equation (3) to find the values of
the equivalent mechanical stress in the presence and ab-
sence of external climatic loads using the Cardano for-
mula.

Y

b
<

N
>

X

Figure 2 — The sag of the DSOC in the span of the OFOCL
with the same height of the suspension points A and B (L, — the
length of the span, f— the arrow of the cable sag, # — the dimen-

sions of the OFOCL in the span)

The magnitude of the sag of the DSOC £, on the length
of the span L, with the known equivalent mechanical
stress under certain external climatic influences o, and the
specific load v, can be determined by the expression [11]:
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Based on the obtained value of the equivalent me-
chanical stress o, in the suspended DSOC, which is under
the influence of certain mechanical and physical-climatic
loads, it is possible to determine the value of the tensile
load of the cable F, of the cable according to the expres-
sion [11]:

Fyy =0y 'SSE g Q)

The last makes it possible to check the correspondence
of the F,;, value to the MPTL value of the cable.

According to [5, 11], the permissible equivalent me-
chanical stress in the DSOC acquires its maximum value
under the action of the cable’s own weight and the highest
or lowest temperature, depending on the type of design of
the DSOC. Thus, the construction of the DSOC, which is
shown in Fig. 1, has the greatest value of permissible
equivalent mechanical stress at the minimum temperature,
and the cable design with strength elements made of fi-
berglass rods — at the maximum.

In the DSOC selected for research, this is due to the
presence in the design of elements with different tempera-
ture coefficients of linear expansion of materials. Due to
the presence of PSE from aramid threads, a tensile stress
appears in it at negative temperature, which compensates
for the total mechanical compressive stress of all other
elements of the cable. In the design of the DSOC with
strength elements made of fiberglass rods, the TCLE of
the materials of all elements is positive, which explains
the change in the equivalent stress of the cable in propor-
tion to the operating temperature.

Since the compatible elements in the design of the
DSOC are in close contact with each other, its mechanical
properties can be equated to the mechanical properties of
a continuous linear element. Then, with relative elonga-
tion/compression (deformation), the equivalent mechani-
cal stress of the cable, according to Hooke’s law, will be
equal to:

Oy = Epcx.Eeq- (6)

Thus, with the help of (6), it is possible to calculate
€, and evaluate the deformation processes in the cable
and the mechanical state of the OF in it. Therefore, €.,
which  characterizes the processes of elonga-
tion/compression, allows us to estimate the permissible
change in the length of the DSOC when acting on it by a
longitudinal mechanical force. At the same time, the main
task of the OC design is to ensure during operation that no
mechanical stress is applied to the optical fibers located in
the core of the cable. That is why the DSOC designs with
loose tube cable have gained the greatest use in the world.
These designs of the cable allow to ensure its permissible
relative elongation. It provides additional fiber length in
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the tube of the optical module before it begins to stretch
under the action of tensile forces.

Therefore, the maximum allowable relative elongation
of such a cable (MPC) g,,. is determined by its design
features and the arrangement of OF in it. According to
[2], it can be determined by the expression:

8mpc = gpc + 8e.x{)F + SpOF * (7)

The permissible relative elongation of the cable ¢, is
determined by the expression given, for example, in [2,
5]

4.m*-R* (2AR AR’
Sp(:=—1+\/l+T'(T— R2 ] (8)
Permissible relative elongation of OF g,or is allowed
within the limits of up to 0.25 % for the entire period of
operation [2]. As a rule, in practice, during the develop-
ment of OC g,oF is taken equal to 0 in order to obtain a
technological reserve for the permissible elongation of the
cable.
Additional relative elongation of the cable under cer-
tain climatic conditions can be calculated based on ex-
pression (6):

gpcx = - (9)

The actual additional relative elongation of the cable
€qper» SUspended under certain climatic conditions on the
OFOCL, can also be determined based on expression (6):

(10)

The measurement of the actual sag of the DSOC in the
span of the OFOCL (f,,) during the operation of the line
makes it possible to determine the value of its actual me-
chanical characteristics. Thus, the actual mechanical ten-
sion of the cable, based on expression (1), can be deter-
mined by the formula:

(In

In turn, the actual tensile load of the cable under cer-
tain climatic conditions can be determined by analogy to
expression (5) using the formula:

Fatlx :Gax.SSE.g' (12)

The value of these mechanical characteristics of the
OC will make it possible to estimate the actual elongation
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of the cable and the mechanical state of the optical fiber
in it under certain climatic conditions.

Evaluation of the mechanical characteristics of the
DSOC and control of the mechanical state of the OF
along the length of the span of the OFOCL in the condi-
tions of the given climatic zone require a number of refer-
ence data. These data include:

— cable brand and specifications;

—cable design characteristics (cable diameter D,
weight of the cable P., equivalent temperature coefficient
of linear expansion of the cable agc and Young’s modulus
of the cable £,,, number and type of aramid threads and
fiberglass rods from their TCLE, permissible relative
elongation of OF in the cable g,or according to the data of
the manufacturer’s factory);

— the span length of the OFOCL and the value of the
sag boom of the DSOC during installation at 7 °C;

— physical and climatic characteristics of the area of
cable operation (wind speed during hoarfrost and ice v,
maximum radial thicknesses of hoarfrost and ice walls A,
and Az, maximum and minimum temperatures of the cli-
matic area of cable operation);

— corresponding specific loads and mechanical charac-
teristics of DSOC.

In the absence of data from the DSOC developer on
aoc and E,,, their values are determined according to [12],
and the value of ,0r is taken as 0.25 %.

Determination of specific loads on DSOC is per-
formed according to [11].

In this work, it is proposed to evaluate the mechanical
state of the DSOC during operation by two ways:

— calculating according to expressions (1), (3)—(5) and
)

— measuring and calculating according to:

a) the results of the measurement of the DSOC sag in
the span of the OFOCL (f,,) under the influence of

= — 5 °C, hoarfrost and ice without wind and its calcula-
tion (f,..) at the temperature 1 = — 5 °C, hoarfrost and ice
with wind;

b) calculation of its mechanical characteristics (€gcx,
o, and F ;) according to expressions (10)—(12).

When implementing the methods, the specific load v,
is taken according to reference data of the OFOCL opera-
tor.

The last method can be implemented based on the re-
sults of the f,, measurement during the maintenance of the
OFOCL. Currently, some methods of its measurement
using various equipment, including drones and unmanned
aerial vehicles, are used.

According to the measured value of f,,, there is the ac-
tual mechanical stress of the DSOC in the span of the line
under the influence of temperature of minus 5 °C, hoar-
frost and ice without wind, and the calculated value of £,
under the influence of temperature of minus 5 °C and ice
with wind. The value of the actual mechanical stress of
the cable is found by the expression transformed from
expression (4):
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Ly, -
o] =1
ax,axc SfM’M(. ( )

Determination of the permissible relative elongation
of the cable is carried out according to expression (10),
and its tensile load — by (5).

Thus, the results of the evaluation of the mechanical
characteristics of the DSOC during operation, obtained by
the first way, should be considered as reference for the
technical personnel of the OFOCL operator.

The results of the assessment of the mechanical char-
acteristics of the DSOC obtained by the second way
should be considered as actual, that is, those that must be
used to monitor the mechanical state of the optical fiber.

This way was developed on the basis of an assessment
of the actual mechanical characteristics of the DSOC dur-
ing operation and the results of experimental studies:

— measurement of the actual cable sag in the span of
the OFOCL and calculation of its value when the cable is
affected by the temperature of t = — 5 °C, the weight of ice
with wind pressure;

— calculation of the actual mechanical stress, addi-
tional elongation and tensile load of the cable at different
span lengths.

The last made it possible to determine and establish
the presence/absence of excessive tensile forces on the
optical fiber in the cable.

According to the results of the calculation of the
maximum permissible elongation of the cable (7), its
permissible relative elongation — expression (8) — with the
values of the permissible elongation of the OF and its
excess length in the OM tube, according to the data of the
developer of DSOC, it is possible to assess the mechani-
cal state of the OF in the researched cable of the brand
OKL-3-D2A14. Therefore, at the determined value of
€mpe> @ limit is obtained, i.e., the maximum elongation of
the DSOC, the value of which, when compared with the
elongation of the cable under certain mechanical and
physical-climatic conditions, makes it possible to control
the mechanical state of the optical fiber.

Therefore, the values of ¢, and g, obtained during
the operation of DSOC create the possibility of control
the mechanical state of both cable and optical fibers. The
last makes it possible to monitor them and take preventive
measures at the OFOCL to ensure its service life.

The value of the cable sag in the span of the OFOCL
under the influence of the temperature of minus 5 °C, ice
with wind (f7;) is calculated according to the parabolic
curve of the dependence of f,,, f... on the specific loads
(Y3n, v3: and y7;) of the OFOCL. An example of calcula-
tion f7; is given in next chapter. Studies of the theoretical
foundations of the method of control the mechanical state
of OF were carried out with the help of software imple-
mentation in the Python environment in accordance with
the graphic model presented in Fig. 3.
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4 EXPERIMENTS 1. Calculation of specific loads to DSOC.
Control of the mechanical state of OF and DSOC un- 2. Calculation of the equivalent mechanical stress of
der the influence of current mechanical, physical and cli- DSOC.
matic conditions of operation requires:

[ BEGINNING ]
v
Determination of mechanical Determination of the mechanical
characteristics of the cable state of the optical fiber
v v
Ly 50,775,100 m
v v
Creation of a reference base of geometric and structural Control of the mechanical state of the optical
parameters of cable elements, its doc, Eeg, Yy, active fiber under the influence of various
physical and climatic factors: mechanical factors, according to:
v v v
Evaluation of the mechanical values of mechanical characteristics mechanical state of
characteristics of the cable based on of the cable €gpcr, Faux the optical fiber
the results of the determination: 'y i

by calculating way o,,
€pexs fr» Fue in the range
of different temperatures YES
of the operating
environment and
t =-5 °C in hoarfrost and
ice with wind

8apcx, 8apxc <

empc

A 4
by measuring-calculating The mechanical state of The mechanical state of the
way according to the the cable and its optical cable and its optical fiber do not
determined values of f,, fiber meet the meet the requirements of the
and f,,. at 1 =-5 °C, requirements of the RTD RTD line
hoarfrost and ice without line
wind (G, €pexs Fany) and $ v
with ng (Garc, Eapere Measurements of the OTDR reflectogram of
atlxc) . . . .
signal attenuation in an optical fiber
v v

v

Recommendations for repair and restoration works to
reduce the mechanical load on the DSOC and its OF

Comparison and analysis of the
values of mechanical characteristics
of the cable in hoarfrost and ice

with wind
v v

[ END ]

Figure 3 — Graphic model of the study by the method of control the mechanical state of the optical fiber depending on the cable brand
and the climatic zone of operation
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3. Determination of the arrow sag of the DSOC in the
span. Comparison of the obtained value f, with the meas-
ured actual cable sag. In the case of a difference in results,
make an appropriate analysis of the reasons for the
change in cable sag from the expected value and foresee
the possibility of implementing preventive measures.

4. Determination of the tensile load acting on the cable
and its comparison with the value of MPTL of DSOC,
which is specified in its technical characteristics (or tech-
nical conditions for the cable). In case of exaggeration
(65...70) % of the MPTL, make an appropriate analysis of
the reasons for cable overload in order to ensure its me-
chanical integrity and foresee the possibility of imple-
menting preventive measures.

5. Determination of the actual effective relative elon-
gation of the cable (g,,) and its value according to ex-
pression (11) to estimate the mechanical state of the fiber.

As an example, in this paper, the specific loads from
mechanical and physical-climatic influences and the cor-
responding mechanical characteristics of the DSOC type
OKL-3-D2A14 made by PJSC “Odeskabel” were deter-
mined based on the ways of evaluating the mechanical
characteristics of the DSOC during operation. In the cal-
culations it was assumed: the diameter of the cable D, =
= 13.6 mm, the specific weight of the cable P. =
155 kg/km, the equivalent TCLE of the cable aoc =
= 6.226-10° K'', the equivalent Young’s modulus of the
entire cable (E,, = 20010 N/mm’, determined according to
[12]), the conditions of the Odesa climate zone (Black Sea
region) — wind speed during hoarfrost and ice V =
= 28.3 m/s, the maximum radial thickness of the hoarfrost
wall on the cable A#, = 0.5 mm and the ice wall Af; =
= 28 mm, the initial sag of the DSOC at the temperature
of 20 °C is equal to 1 % of the span length, the span
length of the OFOCL 50 m, 75 m and 100 m. As PSE in
the calculations aramid threads of the type “Twaron
D1052 8050” with TCLE a,, = —3-10° 1° K" and a fiber-
glass rod of the type “Polystal P20” with TCLE o, =
=6.6-10" 1° K™ are used.

Determination of the reference data of OFOCL was
carried out in accordance with the theoretical foundations
of the method and ways of assessing the mechanical char-
acteristics of DSOC in the Odesa climatic zone (chap-
ter 3).

In Odesa climate zone, the air temperature varies from
maximum of plus 37 °C to minimum of minus 28 °C. Due
to the fact that the cable has a black sheath, the maximum
temperature was assumed to be plus 50 °C in the calcula-
tions of its specific load and mechanical characteristics.

Let’s perform the evaluation of mechanical character-
istics of DSOC by calculating method.

The results of the calculation of the specific loads on
the cable and its mechanical characteristics during opera-
tion in the Odesa climatic zone according to this way of
assessment for different span lengths and the effect of
mechanical and various physical and climatic factors are
given in the Table 1.

The results of calculating the values of the mechanical
characteristics of DSOC, which are given in Table 1,
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shown that they increase, primarily, from a change in
temperature from plus 50 °C to minus 28 °C. Their worst
values appear at t = =5 °C during hoarfrost and ice. In
turn, changes in the values of the mechanical characteris-
tics of DSOC brand OKL-3-D2A14 in absolute value
(Table 1) are given in Table 2. These characteristics were
calculated for three values of the length of the line span:
50 m, 75 m and 100 m.

Let’s perform the evaluation of mechanical character-
istics of DSOC by measuring-calculating way.

The results of determining the mechanical characteris-
tics of DSOC during operation in the selected climatic
zone by the measuring-calculating way are given in
Table 3. At the same time, the values of the arrow sag f,
were taken based on the results of two measurements at
the temperature ¢ = —5 °C and the effect of hoarfrost and
ice without wind on span lengths 50 m, 75 m and 100 m.
The value of the cable arrow sag at the temperature ¢ = —5
° C, hoarfrost and ice with wind were calculated accord-
ing to the parabolic curve of dependence of f,,, f... on the
specific loads of the cable: y3, — hoarfrost, y3; —ice and y7,
— hoarfrost. The value of f; at y;, was found according to
the data in the Table 1. The dependence of the cable sag
arrow of the brand OKL-3-D2A14 at L, = 100 m on the
specific loads of the OFOCL are shown in Fig. 4.

2.5
Jaxs
ﬁm‘, 225 . . .
m from the weight of cable, ice and wind

1.75 from the weight of cable and ice_ . -
1.5
1.2

0.75
0.5
0.25

rom the weight of cable, hoarfrost and

from the weight of cable,

0 5x107°0.01 0.015 0.02 0.025 0.03 0.035 0.04
2
Yx» kg/(mrmm)

Figure 4 — Dependence of the cable arrow sag at
L; =100 m on the specific loads of OFOCL, obtained
by — calculating and — — measuring-calculating

ways ( * _fax , O _fr‘zxc)

Table 3 shows the results of determining the mechani-
cal characteristics of the DSOC (Guy, €4pers Faux), Meas-
urements and calculations of the cable sag in spans with
different lengths (f,,, faxc) during its operation in the se-
lected climatic zone when acting on the OFOCL hoarfrost
and ice without wind.

As noted earlier, this way of assessing the mechanical
characteristics of DSOC gives their actual values under
the conditions of the location of the line under the influ-
ence of hoarfrost, ice without wind. Therefore, in order to
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compare the results of determining the mechanical char-
acteristics of the cable according to the first and second
ways, an analysis of the data in the Table 1 and Table 3
was carried out. This analysis shown that the difference in
the values of mechanical characteristics obtained by these
ways is from 3.98 % to 4.50 %.

Let’s perform the evaluation of the method of control
the mechanical state of the optical fiber.

As noted earlier, certain physical and climatic loads on
the DSOC cause its longitudinal deformations, which lead
to the elongation of only the cable structure and/or its
elongation together with the optical fiber. Excessive elon-
gation of DSOC can lead to decreasing the size of the line
and exceeding the norms of the cable parameters accord-
ing to the Technical Specifications. The last, with a sig-
nificant and long-term effect of influential factors, leads
to a difference between F,,; and F,,;, which can cause a
breakage of the OF and a complete failure of the cable.
Thus, the work establishes a clear mathematical toolkit,
which allows to control the mechanical state of the optical

fiber and the mechanical characteristics of the cable as a
whole under the influence of physical and climatic influ-
ences of the operating environment.

As an example, in the study of the method of control
the mechanical state of an optical fiber, the values of the
actual effective elongation of the fiber and the actual ten-
sile load on the cable were determined using expressions
(10) — (12). The values of &, and F,, were obtained
when the temperature changed from plus 20 °C to minus
5 °C, hoarfrost and ice according to chapter 3. When
studying these mechanical characteristics at t = +20 °C,
the cable’s own weight was taken into account, and at ¢ =
= -5 °C its own weight, the weight of hoarfrost and ice,
and the wind pressure. For the analysis of the mechanical
state of OF under the above conditions, &,,,.. was calcu-
lated according to the reference data. At the same time,
using expression (8), it was determined that for the stud-
ied design of the DSOC, the permissible relative elonga-
tion of the cable is 0.34 %. Then g,,. according to (7)
with €.,0r = 0 and g,0r = 0.25 % is 0.59 %.

Table 1 — The value of the specific loads y, on the cable brand OKL-3-D2A 14 and its mechanical characteristics, obtained by the
calculating way

Ne ¥ » kg/(m'mm?), in the Odesa climate Mechanical characteristics of DSOC along the length of the line span
zone under the influence of various Ly, m

factors o,, kg/mm’ Epexs Y0 > M Fu, N
weight of cable, 50 0.675 0.033 0.602 181.8
1 t =+50°C, 75 1.040 0.051 0.879 280.1
v1 =0.00130 100 1416 0.069 1.147 381.4
weight of cable, 50 0.813 0.040 0.500 218.8
2 t =+20°C, 75 1.219 0.060 0.750 328.2
Y1 =0.00130 100 1.625 0.080 1.000 437.6
weight of cable, 50 1.150 0.056 0.353 309.6
3 t =-28°C, 75 1.600 0.078 0.571 430.9
y: =0.00130 100 2.037 0.100 0.798 548.5
weight of cable and hoarfrost, 50 1.018 0.050 0.445 274.0
4 t=-5°C, 75 1.462 0.072 0.697 393.8
Y= 0.00145 100 1.896 0.093 0.956 510.5
wind pressure at hoarfrost, 50 1.024 0.050 0.449 275.7
5 =-5°C, 75 1.470 0.072 0.703 395.9
ys: = 0.00147 100 1.905 0.093 0.965 512.9
weight of cable, hoarfrost and wind 50 1.444 0.071 0.628 388.7
6 pressure, t=-5 °C, 75 1.999 0.098 1.020 538.2
Y7 = 0.00290 100 2.522 0.124 1.437 679.2
weight of cable and ice, 50 5.260 0.258 1.465 1415.0
7 t=-5°C, 75 6.970 0.342 2.486 1877.0
v3i= 0.02464 100 8.520 0.417 3.617 2293.0
weight of cable, ice and wind 50 6.827 0.335 1.694 1838.0
8 pressure, t=—5 °C, 75 9.026 0.442 2.882 2430.0
7= 0.03700 100 11.005 0.540 4.203 2963.0

Table 2 — Changes of the values o,. &,... f; and F,;, DSOC in absolute value at the temperature # = +50 °C relative to their values
at t =—5 °C in hoarfrost and ice with wind obtained by the calculating way

Ne Changing the values of the mechanical characteristics of the cable
characteristic name
O, kg/mmz, at: Eper, Y0. AL fim, at: F,, kN, at:
Ly, m 2 2 2 23
8 (5} e [5) Lg 5] e (5]
= 2 = 2 = e T 3]
<] <] o <]
= = = =
1 50 0.769 6.152 0.038 0.302 0.026 1.092 0.207 1.656
75 0.959 7.986 0.047 0.391 0.141 2.003 0.258 2.150
3 100 1.106 9.589 0.055 0.471 0.290 3.056 0.298 2.581
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Table 3 — Values of the mechanical characteristics of OKL-3-D2A14 DSOC, obtained by the measuring-calculating way under
the influence of the weight of the cable, hoarfrost, ice without wind pressure and temperature ¢t = —5 °C

Ne L, m Jax, M, AL Values of the mechanical characteristics of the cable
Ouxs kgmmz, at: €0, Y0, AL: Flu, N, at:
) S S ]
= < < =
1 50 0.463 1.524 0.979 5.052 0.048 0.248 263.5 1361
2 75 0.725 2.585 1.406 6.702 0.069 0.329 378.7 1805
3 100 0.994 3.762 1.823 8.187 0.089 0.401 491.0 2205

In addition, an analysis of the mechanical state of the
optical fiber is provided (Table 4) for line span lengths of
50, 75, and 100 m.

The results of the analysis of the mechanical state of
the optical fiber in the investigated structure of the DSOC
under the influence of physical and climatic influences of
the operating environment are given in Table 4, Fig. 5 and
Fig. 6.

Data analysis (Table 4) shown that when:

— the maximum permissible relative elongation of the
DSOC &, = 0.59 % on all lengths of the span, the addi-

tional relative elongation of the cable is less than this
value;

— the length of the span of the overhead line 100 m,
the actual tensile load of the cable F;. = 2.722 kN is
greater than the norm of its permissible tensile load ac-
cording to [7] F,.y = 2.600 kN.

Therefore, the cable brand OKL-3-D2A14 in the
Odesa climate zone at L, = 100 m cannot be used on the
OFOCL.

Table 4 — Results of the analysis of the mechanical state of the optical fiber in DSOK OKL-3-D2A14 under the influence of physical and
climatic influences at different lengths of span at the temperature of plus 20 °C and minus 5 °C

N ve, ke/ (m'mm’), Mechanical characteristics of DSOC on the length of the span
in the Odesa
climate zone €apes Eapexes Y0, at span lengths of the Fut, e, N, at span lengths of the Mechanical state of the OF at the
under the OFOCL, m OFOCL, m span length of the OFOCL, m
influence of 50 75 100 50 75 100
various factors R ., . . ] ]
é g u;i ;g. g wi é g w\“’- ‘\; % LE é‘ ;S LE é‘ ‘E [,:E 50 75 100
& § & W § S IS RS
! ‘=blz° Oc.a‘}‘l‘ti 0.040 < 0.060< | 0.080< 218.80< | 32820< 437.60 < OF Stiaig}il.tentstinlthe o anld is
cable weight, 0.340 0.340 0.340 2600.0 2600.0 2600.0 notsubject fo fongitudina
v:=10,00130 elongation
2| t=-5°C, weight . . .
ofcableand | 0.048 < 0.069 < | 0.089 < 263.50< | 378.70 < 491.00 < OFnStia‘gt})‘.“’ntstmlﬂf ft‘l’lrd"“fnld is
hoarfrost, vy 0.340 0.340 0.340 2600.0 2600.0 2600.0 ot subject fo fongrtudina
= 0,00145 elongation
3 =-5°C, wind . . .
pressure at 0.050 < 0072< | 0.093< 27570 < | 395.90 < 512.90 < OFHSS"S‘EEF:;StL"Igf ft‘l’lrg’lsgld s
hoarfrost, 0.340 0.340 0.340 2600.0 2600.0 2600.0 ) ng
Ysi= 0,00147 elongation
4| t=-5°C, cable . . .
weight, 0.068 < 0.097< | 0.125< 37090 < | 531.50 < 685.00 < OF rftia‘gg.te“ftmlﬂf f;rdelszld 18
hoarfrost, wind, 0.340 0.340 0.340 2600.0 2600.0 2600.0 ot subject fo fong
122= 0,00290 elongation
5 OF is
OF straightens in the subject
O?C’jblg; ﬁ‘i‘t 0.248 < 0329< | 0.401 > 1361.0< | 1805.0 < 2205.0 < COZTI;F;‘;‘E‘“ elog’gaﬁ
e 002464 0.340 0.340 0.340 2600.0 2600.0 2600.0 longitudinal o
elongation by 0.06
%
6 OF is
=-5°C weight OF | OFis | bl
of cable and ice, | 0.31< 0.418 > 0.496 > 1702.0 < 2298.0 < 2722.0 > tens%n subject to elono afi
wind pressure, 0.340 0.340 0.340 2600.0 2600.0 2600.0 the elongation or%
L= 0,
7= 0,03700 core | PYOO8% |
%
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5 RESULTS

In the work, the method of control the mechanical state
of the optical fiber of DSOC during operation was created.
Based on the developed theoretical basis of the method, ex-
perimental studies were performed to evaluate the mechani-
cal characteristics of the cable OKL-3-D2A14 at three span
lengths of the line located in the Odesa climatic zone and the
mechanical state of its fiber. On the basis of the developed
reference data of the method and measurements and calcula-
tions of the cable arrow sag, an analysis of the results of the
study of ways for evaluating the mechanical characteristics
of cables was carried out. These results proved the possibility
of using the measuring-calculating way at controlling the

mechanical state of the optical fiber during the operation of
the OFOCL.

The results of a comparison of the measured values of the
sag of the DSOC (Table 3) and those calculated under the
influence of the weight of the cable, the weight of hoarfrost
and ice without wind pressure (Table 1) shown that the
measured values are greater than the calculated values by up
to 4 % both in hoarfrost and in ice at all span lengths.

The analysis of the obtained values of mechanical char-
acteristics of DSOC by these methods shown that their dif-
ference is also up to 4 %.

The obtained values of the actual sag of the cable in the
worst operating conditions during icing with wind (Table 4)
allow us to determine the dimensions of the line and the
value of the tensile load of the DSOC.

Eapes % €pOF, %
060 ™7 /T . . === 0.25
054 oo LZI0m o 02
7 I e N . A 0.1
0.40 75 m
034 [~~~ TR T 0
0.20

L4
at hoarfrost with wind
Ly=50m
0
1 2 3 Fatlxc; kN

Figure 5 — Assessment of the mechanical state of OF under the influence of physical and climatic influences

from the weight of the cable, ice and wind

3x10°
Fan, normalized value of TL
Fatlxc» 2_5><103 ---------------------------
N
2x10°
from the weight
1.5x10° of cable and ice

110’ from|the weight of the cable,

hoarfrost and wind pressure

500
from the weight of cable, hoarfrost

0 5x10°°0.01 0015 0.02 0025 0.03 0.035 0.04
2
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Figure 6 — Dependence of the tensile load of the cable on the
specific loads of the OFOCL on the length of the span of 100 m

The developed method of control the mechanical state of
OF shown that:
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a) for all span lengths and temperatures from plus
20 °C to minus 5 °C during hoarfrost with wind, the optical
fiber is not subject to longitudinal elongation;

b) at temperature ¢ = -5 °C:

— and at ice without wind, the optical fiber is straightened
in the tube of the optical module at L, = 50 m, 75 m, and at L,
=100 m it is subject to elongation by 0.06 %;

— and ice with wind, the optical fiber is straightened in
the tube of the optical module at L, = 50 m, and at
L, = 75 m it is subject to elongation by 0.08 % and at
L;=100 m —by 0.16 %.

So, the research results proved that the cable brand OKL-
3-D2A14 in the Odesa climate zone on lines with a span
length of 100 m or more is inadmissible for operation.

6 DISCUSSION

The approaches presented in the work in the created
method are confirmed by their necessity, given in the interna-
tional and Ukrainian regulatory and technical documentation
for the building and operation of the OFOCL.

The method is cheap and easily accessible to operators of
overhead communication lines. Therefore, its use improves the
monitoring of the mechanical state of the pipeline and leads to
a reduction in the costs of its operation.
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The proposed method of control the mechanical state of
the optical fiber in DSOC allows:

— choose the brand of cable when designing the OFOCL
for hanging on various engineering structures in the given
climatic zone and the length of the span with the same height
of the cable suspension points;

— monitor the technical state of the line based on the results
of the assessment of the mechanical characteristics of the cable
and control of the mechanical state of the optical fiber and
measurements of its attenuation coefficient;

— the studies carried out in the work allow to ensure the
specified service life of the lines with proper maintenance or
repair and restoration works of DSOC. This is confirmed by
the results of the experiment performed in the work. There-
fore, the method will help the service personnel of the lines to
take timely measures to eliminate problems in the mechanical
states of the cable and its fiber.

CONCLUSIONS

The research carried out in this work made it possible to
draw the following conclusions:

1. The international and domestic regulatory and techni-
cal documentations of the OFOCL and a number of scientific
works regulate the control of the mechanical characteristics
of the optical cable during operation, but the control of the
technical state of the fiber in full to ensure the quality and
reliability of the line during the specified service life is not
provided.

2. In this work, the method of control the mechanical
state of the optical fiber of dielectric self-supporting optical
cables during operation has been developed due to the devel-
oped ways of evaluating the mechanical characteristics of the
cable along the length of the span under the influence of
mechanical, physical and climatic factors of the area where
the line is located.

3. With the help of the developed method, the determina-
tion of mechanical stresses and the study of additional rela-
tive elongations of the cable and its tensile loads in the span
of the line during operation on the OFOCL under the condi-
tions of various mechanical and physical-climatic loads (ice,
wind pressure, the affect of temperature and their combina-
tion) of the Odesa climatic zones at three span length values.
It was established that changes in mechanical and physical-
climatic loads of operating conditions cause different magni-
tudes of longitudinal deformations of DSOC and OF as a
whole. Using this method, it was established that the cable
brand OKL-3-D2A14 with the specified design parameters at
a span length of 100 m under the worst climatic conditions
ensures the mechanical integrity of the OF with an additional
relative elongation of 0.16 %, but in terms of actual tensile
strength, it does not meet the norm — 2.6 kN.

As the mechanical state of cable and optical fiber deterio-
rates over time, it is very important to monitor them to pre-
vent fiber breakage.

4. The proposed method of control the mechanical state
of the optical fiber on the suspended DSOC on the OFOCL
allows monitoring changes in the mechanical state of optical
fibers and the cable as a whole to prevent the additional ap-
pearance of unacceptable tensile forces and failure of the
communication line. This method can be used for application
by the relevant departments for the technical operation of

© Bondarenko O. V., Stepanov D. M., 2024
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telecommunication lines on communication networks based
on suspended optical cables.
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METOJ KOHTPOJIIO MEXAHIYHOI'O CTAHY OIITUYHOI'O BOJIOKHA JIEJJEKTPUYHOI'O CAMOYTPUMHOI'O
OINTHUYHOI' O KABEJIO MPU EKCIUTYATAIIIT

Bonpapenko O. B. — 1-p Texn. Hayk, npodecop, Jlaypear [epxasuoi [Ipemil Ykpainu B ramysi Hayku i TexHiku, Ozneca, YkpaiHa.
CrenanoB JI. M. — kaH/I. TeXH. HAyK, JIOLICHT, JOLEHT Kadeapu KOMyTalliiHIX CUCTEM eIICKTPOHHUX KOMYHiKailii, [lep>xaBHuil yHiBep-
CHUTET IHTENeKTyaJIbHUX TEXHOJIOTH 1 3B’s13Ky, Oneca, YkpaiHa.

AHOTALIS

AxTyanabHicTh. HopMaTHBHO-TEXHIYHA JOKYMEHTALs [1JIsi BOJIOKOHHO-ONTHUYHUX JIiHIi 3B°s13ky (BOJI3) pernameHTye KOHTpOJIb MEXaHIYHOTO
cTany ontraHoro kabemo (OK) min gac excruryaTarii, aine KOHTPOJIb MEXaHIYHOTO CTaHY BOJIOKHA B IIOBHIN Mipi Ays 3a0e3MedeHHs sIKOCTi Ta Hafili-
HOCTI JIiHIT MPOTSATOM 3a/IaHOTO TEPMiHY CITy>KOU He nependavac.

Sk BimoMmo, 110 AJIs 3a0e3nedeH s HaJiifHOCTI ONTHYHOrO Kabelo, K MPaBHIIo, JOMYCTHME BHIOBKEHHS onTHIHOro BostokHa (OB) ckianae €,0p
<(0,2...0,25) %, npuiiHATe IpH KOHCTPYIOBAaHHI Kabemo. Aje IIpH eKCILIyaTalil B BOJOKHAX MOJKIIHBA I10s1Ba 0araTopa3oBUX HAJIUIIKOBHX BHOB-
JKEHb, 10 TIEPEBUIIYIOTH 1[I 3HAYEHHSL.

Takum 4uHOM, po3poOKa Ta OOIPYHTYBAHHS CIIOCOOIB OLIHKH MEXaHIYHHX XapaKTEPHCTUK IiCTEKTPHYHOTO CAMOYTPHMHOIO ONITHYHOTO Kabesro
(ACOK) ta MeTORy HOBHOTO KOHTPOIIIO MEXaHIYHOTO CTAHY ONTHYHOTO BOJIOKHA SBIAETHCSA HEOOXiTHIM. OCTaHHE MOXKE IPHBECTH 10 JOCTPOKOBOTO
BUXOJLY i3 J1aJly ONTHYHOTO BOJIOKHA.

Merta. Po3po6ka Ta 00IrpyHTYBaHHS METOLY KOHTPOJIIO MEXaHIYHOrO CTaHy ONTHYHUX BojokoH minBicHux JJCOK, a Takox orinka yMoB gedop-
Mallii ONTHYHHUX BOJIOKOH B 1X OCEp/Ii 3 MOSBOIO MO3JOBXHIX PO3TATYBAIBHUX/CTUCKAIBHUX HABAHTAXXEHD P €KCILTyaTallii.

MeToza. Po3pobiieHo Ta 3anpornoHOBaHO /1Ba CIIOCOOM OLHKHM MexaHiqHuX xapakTepucTHk JJCOK Ta MeTox KOHTPOIIO MEXaHIqHOTO CTaHy HOro
BoJIOKHA. /11 1bOTO B pOOOTI MPUIHATI Taki XapaKTEPUCTUKK KAOEIIo Ta BOJIOKHA: BIIHOCHE BUIOBXKCHHS KaOeIo Ta BOJIOKHA (€, €opy), JOBKHHA
pONbOTY (Lyyp,) MiHiT, CTpia HpoBHCAHHS Kabemio B IPONBOTI (f;) Ta po3TsaryBanbHe HaBaHTaxeHHs (PH) xabemto (F)y.), 0 00yMOBIIIOE HO310BXHIO
nedopmariro €. IIpy boMy B MeTOI 3aIPOIIOHOBAHO KOHTPOJIb MEXaHIYHOT'O CTaHy ONTHYHOro BoJIOKHA mpu ekciuryaranii JJCOK BukoHyBaTH 3a
PaxyHOK BU3HAYEHHsI HOro JIF0YOro BiJHOCHOIO BUIOBKECHHS 32 MEXaHIYHUMH Ta (i3HKO-KIIMATHYHUMU YMOBaMH PO3TALlyBaHHSI JIiHii.

B po06oTi 3anponoHoBaHoO, 3aBASKH PO3POOJIEHUM JIOBIIKOBUM JJAaHUM Ul BUOOPY THUITy KaOelto Ta KJIIMAaTHYHOT 30HM PO3TAlllyBaHHS JiHil, BU-
MipIOBJILHOMY 00JIaJHAaHHIO T2 MaTEMaTHYHOMY 1HCTPYMEHTapilo, BUMIPIOBaTH Ta PO3PaxOBYBATH TaKi MEXaHIYHI XapaKTEePHUCTHKL:

— exBiBalleHTHY MexaHiuHy Hampyry B JICOK;

— pPO3paxyHKOBY Ta (paKTHUYHY CTPLIM IPOBUCAHHS KaOEIIO B IIPOJIbOTI;

— (paKTHYHO JIiF0UYe BiJIHOCHE BUJIOBXKEHHS KaOellto;

— (haxTHYHE PO3TATYBaJbHE HABAHTAXKECHHS, IO JIi€ Ha Kabelb.

IIpuBeneni B podoti ciocobu Ta MeTo] 103BoIsitoTh npu ekcrutyatanii JJCOK 3ailicHIOBaTH NOBHY OLIIHKY MEXaHIYHHMX XapaKTEPUCTUK Kalelto
Ta KOHTPOJb MEXAaHIYHOTO CTaHy ONTHYHOrO BOJOKHA. Lle cTBOPIOE MOMKIIMBICTH MOHITOPHHIY iX 3MiH JUIS HEJOIYIUECHHS HOSBH HAIMIpHAX HaBaH-
Ta)KeHb TPU eKCILTyaTallii Ta BUXO/AY 3 JaJy BOJIOKOHHO-OITHYHOI JiHIT 3B’ 3Ky .

JlaHuii METOA MOXXJIMBO PEKOMEHAYBATH JJIsl 3aCTOCYBAHHS BIJIOBITHUMH HiIPO3JIiIaMH 3 TEXHIYHOI eKCIUTyaTauii TeJIeKOMYHIKaliitHuX JTiHil
Ta Mepex 3B’s13Ky Ha 6a3i MiABICHUX ONTHYHHX KaOeiB.

PesyabTaT. B po0oTi nmpuBeseHi pe3yabTaTi po3poOKH Ta OOIPYHTYBAHHS METOAY KOHTPOJIIO MEXaHIYHOTO CTaHy ONTHYHHUX BOJIOKOH JieIEKT-
PUYHMX CAMOYTPHMMHHX ONTHYHMX KaOemiB nmpu ekcrutyarauii. /s npukiaay, BUKOPUCTOBYIOUYH PO3POOICHUI METOI, TOKa3aHO, L0 B Kabenl MapKu
OKJI-3-/12A 14 Bupo6uuuTBa ITAT «Oneckabens» B ymoBax Opmecbkoi KimiMaTtH4aHOI 30HH (IIpHUOpPHOMOPCHKOTO PErioHy) ONTHYHI BOJIOKHA IIPH
noBKHHI npoaboty diHil 100 M migsiraiors BunosxenHo Ha 0,16 %, a JICOK mimsirae ¢pakTuaHOMY po3TSryBansHOMY 3ycuiutio — 2,722 kH. Lei
pe3y/bTaT KOHTPOII0 MexaHiyHoro craHy OB BcTaHOBHB, 10 TakMil MPOJIBOT JiHIT 3a0e3mnedye HOro MexaHiyHy HLiJTICHICTh Yy MeXax JOIyCTHMOI
nedopmartii 0,25 %, npuitHATOT IPY KOHCTPYIOBaHHI Kabelto, ajie MePEBHUIILY€e HOTro JOMyCTUME PO3TATYBalbHE HaBaHTaXeHHs 2,6 KH.

BucnoBku. HaykoBa HOBH3HA pe3yibTaTiB poOOTH MOJIATae B TOMY, IO BIEpIIE PO3POOICHO CHOCOOH MOBHOT OLIHKH MEXaHIYHHX XapaKTepHc-
Tuk JICOK npu excrutyaranii Ta METOJI TOBHOI'O KOHTPOJIIO MEXaHIYHOTO CTaHy MOrO ONTHYHOTO BOJOKHA. BiH 03BOJIsIE BUKOHYBAaTH MOHITOPUHT
3MiH MEXaHIYHOTO CTaHy ONTUYHOTO BOJIOKHA KaOelro.

KJIFOYOBI CJIOBA: BiiHOCHE BHIOBKCHHS, TiCICKTPUYHUI CAMOYTPUMHHN ONTHYHUN KaOesb, ONTHYHI BOJIOKHA, I03/I0BXKHE PO3TATYBaIbHE
HaBaHTAXEHHs, (i3MKO-KIIMaTUYHI HABAHTAXKEHHS.
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