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Abstract. Based on the method of determining the temperature coefficient of linear expansion and
Young's modulus of a dielectric optical cable, the study of the temperature coefficient of linear expansion
(TCLR) - ao1 and the Young's fictive modulus (Eo) in self-supporting optical cables (SSOC) was carried out in
this work. The cable constructions are selected with a central modular tube and with peripheral power elements
(PPE) based on 12, 18 and 24 aramid threads type “Twaron 1052” (with a linear density of one aramid thread
8050 dtex or 2, 4 and 6 steel wires made of soft steel.

These fiber optic cable (OC) structures are similar to OC structures of the Kharkiv Plant «Yuzhcabley,
OUAPpIT and O[T, accordingly. Given the analysis of the obtained results of the specified parameters and the
dependence graphs of TCD and the Young's fictive modulus on the number of aramid threads in the OLApI
cable and steel wires in OLIM cable, are plotted.

Mentioned studies made it possible to establish that the Eorin the OLIM cable has a greater value than
in the OUApI1 cable. The latter allows receiving the acceptable tensile force in the OLJI cable construction
more than in the OLIApI cable construction.

It is recommended to use the obtained values of aot1 and Eor for the selected cable constructions by the
designers of the fiber-optic communication lines in determining their mechanical strength (specific cable loads
and sagging deflection depending on the climatic conditions of the cable route).

Key words: fiber optic communication lines, self-supporting optical cable, constriction, cable structure
element, aramid threads, steel wire, cross-sectional area, diameter, linear density of one aramid of thread,
density of aramid threads, temperature coefficient of linear expansion, Young's fictive modulus, fictive cable
voltage.

AHoTauifa. Y cratTi Ha nigctaBi MeTOoAQy BU3HAYEHHA TemnepaTtypHoro koedidieHTa niHiiHOro
po3LMpeHHs i Moayna KOHra gienekTpu4Horo onTUYHOro kabenio, NPoBeAEHO AOCNIIKEHHSI TEMMNEPATYPHOTO
koedpilieHTa niHiiHoro poswmpeHHa (TKIP) — aot Ta dikTuBHOro Moayns FOHra (Eogp) B CAMOHECYUYMX ONTUYHUX
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kabensix (COK). KoHCTpykUii kabeniB BUOpaHO 3 LEHTPanbHOK MOAYNbHOK TPYyOKOK Ta 3 nepudepiiHumm
cunosummn enementamu (NMCE) Ha niacTasi 12, 18 Ta 24 apamigHux HUTOK Tuny «Twaron 1052» (3 NiHiAHO
LWiNbHICTIO ogHieT apamiaHol HUTKu 8050 aTekc) abo 2, 4 Ta 6 cTaneBux ApoOTiB i3 M’'akol ctani. Lli KoHCTpykuil
ontnyHux kabenie (OK) aHanoriuHi KOHCTpyKUiam OK Xapkiscbkoro 3asoay «[liBaeHbkabens» Tuny OLLApI Ta
oun signoeigHo. [daHO aHania OoTpuMaHMX pe3ynbTaTiB BKaszaHuMX napaMeTpiB Ta nobyaoBaHo rpadiku
3anexHocTi TKITP Ta diktuBHoro moayns KOHra Big uncna apamigHux HUTOK B kabeni OLIApI Ta craneBux
aportie B kabeni OLIN BianosigHo.

YKasaHi A0CNiIKEeHHS1 AO3BONUITM BCTAHOBUTH, WO Eog Yy kabeni Tuny OUIM mae Ginblue 3HaYeHHs HiXK
y kabeni OLApI. OcraHHe A03BONsiE OTpuMaTu B KOHCTpyKuii kabenio OLM gonyctume posTaryBanbHe
3ycunng GinbLie Hixk y kabenio OLApIT.

OTpuMaHHi 3Ha4YeHHa Oo1 Ta Eop AnA BMOpaHMX KOHCTPYKUIW kabeniB pekoMeHAYyeETbCA
BUKOPUCTOBYBATU MPOEKTYBaNbHUKAMMW MNOBITPAHUX BOJSIOKOHHO-OMNTUYHUX NiHIA 3B’A3KY MPU BU3HAYEHHI TX
MEXaHi4yHOT MILLHOCTi (MMTOMMX HABAHTAaXEHb HA Kabenb Ta CTPINU NPOBUCAHHA B 3aNEXHOCTI Big KNiMaTUYHUX
YMOB Tpacu kabenbHOi marictpani)

KrrouoBi cnoBa: BONOKOHHO-OMTWYHI NiHiT 3B’513KY, CAMOHECYYUI ONTUYMHUIA Kabenb, KOHCTPYKLUis,
€neMEHT KOHCTPYKUiT kabento, apamigHi HUTKM, CTaneBUi APIT, NNOLUA MOMEPEYHOro MEPETUHY, AdiaMeTp,
NiHiiHa WIiNbLHICTL OAHIET apaMigHOl HUTKK, TYCTUHA apaMigHUX HUTOK, TeMNepaTypHUin KoedildieHT NiHiinHOro
PO3LLUMPEHHS, DIKTUBHUII MOAYNb KOHra, dikTMBHA Hanpyra kabenio.

AHHOTaumsA. B ctaTbe Ha OCHOBE MeTOoAa onpeaeneHna TemnepaTypHoro KoadduuneHTa NMMHERHOro
pacwupeHna u moayns HOHra AWANEKTPUYECKOro OMNTMYECKOro KkKabend, NpOBEAEHO WCCneaoBaHue
TeMnepaTypHoro koaddpuumeHTa nuHerHoro pacwmnperdus (TKINP) — aot u puktusHoro moayns HOHra (Eog) B
camoHecylmx ontudecknx kabenax (COK). KoHcTpykumm kabenei BbIOpaHO C LEHTpanbHOM MOAYMNbLHOM
TpybKoW 1 ¢ nepudepuitHbiMn cunoBbiMu anemeHtamu (NMC3) Ha ocHoBe 12, 18 M 24 apamMuAHbIX HUTEN TMNA
«Twaron 1052» (C NMHENHOW NMOTHOCTLIO OAHOW apamugHouW HuTu 8050 atekc) unu 2, 4 n 6 cranbHbIX
NMPOBOMOK W3 MAIKON CTanu. 3TW KOHCTPYKUMK onTudeckux kabenen (OK) aHanormyHble KOHCTpyKUuusim OK
XapbkoBckoro 3aBsoga «HOxkabenby» Tuna OLApIM u OLM cOOTBETCTBEHHO. [aH aHanu3 nOny4YeHHbIX
pe3ynbTaToB yKa3aHHbIX NapamMeTPoB U NOCTPOeHbI rpadukn 3asucumoctu TKITP n dmktusHoro mogyna KOHra
OT yncna apaMmuaHbix HUTel B kabene OLIApPIT u cTanbHbIX NpoBoaoB B kabene OLM COOTBETCTBEHHO.

YKasaHHble MCCneaoBaHus MO3BONUNU YCTAHOBUTL, UTO Eop B kabene Ttuna OUIM umeer Gonbliee
3Ha4veHue Yem B kabene OLIAPI. NMocnegHee Nno3BONAET NONyYUTb B KOHCTPYKUMK kabena OLM gonyctumoe
pactarueaioullee ycunue donblue Yem y kabens OLIApIT.

MonyyeHHble 3Ha4YeHWs Co1 M Eop ANS BbIOPAHHbIX KOHCTPYKUMW Kkabenen pekomMeHayeTcs
UCMNONb30BaTb MPOEKTUPOBLUUKAMM BO3AYLUHLIX BOSTOKOHHO-OMTUYECKUX JIMHMIA CBA3W NMPU ONpedeneHnn ux
MEXAHWYECKON MNPOYHOCTM (YAENbHbIX HArpy3ok Ha kabenb M CTpenbl MpoBeca B 3aBUCMMOCTM OT
KNMMaTUYeCKUX YCNOBUIA TPaCChl KABENbHOW MarucTpanmu)

KnroyeBble cnoBa: BOJSIOKOHHO-ONTUYECKUE JIMHWUM CBA3W, CAMOHECYLUMA ONTUYECKUA Kabens,
KOHCTPYKLMS, SNEMEHT KOHCTPYKL MU kKabens, apamuiHble HUTU, CTanbHasa NpoBOMOKa, NioLwwanb NONepeyHoro
ceyeHus, AuameTp, JMHEeNHaa nNMAoTHOCTb OAHOW apamMUMAHOW HUTKW, MNMAOTHOCTb apaMUAHbIX HUTEN,
TemnepaTypHbii KO3PUUUEHT NMMHEWHOTO pacLUMPeHns, PUKTUBHLIN MoAynb KOHra, PUKTMBHOE HaNpsXkeHne
kabens.

Overhead fiber optic communication lines (OFOCL) are gaining momentum in popularity,
which causes the rapid development of technology to produce the optical cables for the design of such
fiber-optic communication lines (FOCL). Modern cable- manufacturers can produce optical cables
(OC) for a very wide range of structures. These structures can be used under different conditions
depending on the environment of the future operation (cable sewer, overhead lines, etc).

For construction of a new OFOCL it’s best to use self-supporting optical cables (SSOC).
Depending on the needs of the customer, the factory-manufacturers produce several variations of such
cables with power elements which allow the cable to withstand mechanical loads, considering the
climatic environmental influences.

The calculation of OFOCL for mechanical strength requires the determination of the
temperature coefficient of linear expansion (TCLR) of the SSOC and its Young's fictive modulus

(Fop).
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The purpose of this work is to define the TCLR and Fior of the construction of two cables
with a central modular tube and a peripheral power element of aramid threads or steel wires, as an
example of the optical cables of the Kharkiv plant "Yuzhnekabel", such as OLIApII and OLIII,
accordingly.

Solving the set task. In order to solve the problem, a method for determining the TCLR and
Eorwas developed in [1]. The determination of TCLR and FEorfor SSOC types:

- OApII with PPE in the form of aramid-thread layer (Fig. 1,a);

- OLIT with PPE in the form of steel wires in the middle of the polyethylene (PE) shell (Fig.
1,b).

The features of the calculation of the SSOC are conditioned, firstly, by the presence in the
cable of elements from different materials that have different values of the temperature coefficient of
linear expansion. The value of the TCLR of the SSOC elements (Fig. 1,a), besides the peripheral
strength element (PSE) in the form of aramid threads welded around the cable modulus, is positive
and the value of the TCLR of aramid threads is negative.

According to [1], TCLR (ao) for a cable of the type OLIApII will be determined considering
its design PPE made of aramid threads by the expression:

m—1
a, k.S, +Z%Ez-Si

at™at

Oo; = ,,l,j ) (D
EatSat + Z Ez'Si
i=1

for a cable type OLIIT with PPE made of steel wire by the expression:
m-1
Z o ES
— _i=1

i=1

where oo, 0at and a; — TCLR SSOC, aramid threads and the remaining structural SSOC elements
accordingly, 1 K Eu, E;, — Young's modulus of aramid threads and the remaining SSOC elements,
GPa; Su, S; — the cross-sectional area of aramid threads, and the rest of the SSOC elements, mm?.
Tension on each SSOC element is different and distributed in proportion to the modulus of the
elasticity of the corresponding materials. Therefore, in order to simplify the calculations, the
conditional fictive tension which applies to the entire cable is used. As noted in [1], the fictive tension
of SSOC at the smallest stretching in the middle of the flight of the overhead FOCL between two

suspension points of the cable is:

(XOZ

2)

T,
6, =—2—o (3)
S+,
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where o — fictive voltage SSOC, GPa; 7o — length of the span, m; Sa, S; — the cross-sectional area

of aramid threads, and the rest of the SSOC elements, mm?.
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cable shell OLTApIT Asneitn = 1,6 mm, the thickness of the cable OLIIT Asweiz = 2 mm, diameter of the
cable OLIApIT Dorapnt = 8,3 mm, diameter of the cable OLIIT Doy = 7,1 mm, aramid threads of
different quantities of type «Twaron 1052» with linear density 8050 dtex, the diameter of the wire
peripheral strength element dpg = 0,6 mm.

According to [1], the area of the peripheral strength element of aramid threads for the OLTApII
cable is calculated according to the formula:

s =L 004, (7)

p
where Sat — cross-sectional area of aramid threads, mm; 7 /) —linear density of one aramid thread, dtex;

p — density of aramid thread, g/sm?®; # — the quantity of aramid threads in, pcs.
The PSE area for OLIII cable type is determined by the expression [1]:

2
Sy =m0 ®)

ppe

where Sppe — cross-sectional area of PPE, mm?; di — diameter of wire, mm; m — the quantity of PE
wires in SSOC construction.

Table 1 — Reference values of the TCLR and Young's modulus materials of the SSOC elements

Ne Element name Material of element TCLR, 1/K! Young's modulus, GPa
Tube for optical Polybutylene 6

! module terephthalate 1,110 2,6

Aramid threads

«Twaron 1052» with -3-10°° 104
2 PSE LD = 8050 dtex
Steel wire 13-10°¢ 200

4 Protective hose Polyethylene 3.2-10* 0,621

According to [2] Table 1 shows the reference values of the TCLR and Young's modulus
materials of the SSOC elements.

The results of calculations of TCLR and Young’s fictive modulus for OLIApIT and OLIIT cables
with various PSE materials are listed in Table 2, and are presented on the graphs (Fig. 2, Fig. 3) of
their dependences on the quantity of aramid thread and steel wires.

Table 2 — Calculated values of TCLR and Young’s fictive modulus

Parameter Optical cable OLIApIT Optical cable OLIIT
Quantity of aramid threads Quantity of steel wires
12 18 24 2 4 6
TCLR, 1 K 7-10° | 3,754-10° | 2,098-10° | 5915-10° | 3,852:10° | 3,062:107
Young’s fictive
16,15 22.26 27,57 37.9 67,51 96,28
modulus, GPa
34 Bondarenko O.V., Starenkyi 1.V., Hadzhyiev M.M., Kiforuk S.V., Polishchuk A.V.

Temperature coefficient of linear expansion and young’s fictive modulus of self-supporting
optical cable






Hayxosi npaui OHA3 im. O.C. Ilonosa, 2019, Ne 2

4. The obtained results of the determination of oo and Eosfor the selected SSOC structures can
be used by the designers of OFOCL
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