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Abstract. The research of thermomechanical influence on geometrical sizes of core elements of an
optical cable (OC) design is done in the work. It allowed improving the expression for calculating the
permissible relative cable elongation by taking into account the temperature coefficients of linear expansion
of the structural elements materials. The obtained temperature dependences of the change of the OC design
relative elongation made it possible to establish that its value increases (decreases) with increasing
(decreasing) temperature relatively to 20 °C. And also show that the usage of polycarbonate as a material of
the optical module tube, where quartz optical fibers are placed, will provide smaller change of the cable
relative elongation at the temperature change.

Key words: optical cable, relative elongation of a cable, optical module tube, temperature coefficient
of linear expansion.

AHoTauif. B poboTi BUKOHAHO OOCHiAXEHHA TEPMOMEXaHIYHOro BMIMBY Ha FeOMETPUYHI po3mipu
erneMeHTIiB ocepas KOHCTPYKUii onTuyHoro kabento (OK). Lle go3Bonuno ygockoHanuTu Bupas po3paxyHKy
OOMyCTMMOro BiJHOCHOIO BMAOBXEHHS Kabento WNAXOM ypaxyBaHHSA TeMNepaTypHUX KoedilieHTiB MiHInHOro
pPO3LUMPEHHA MaTepianiB KOHCTPYKTUBHUX enemMeHTiB. OpepkaHi TemnepaTypHi 3anexHoCTi 3MiHu
BiJHOCHOTO BWAOBXEHHS KOHCTpykUii OK p[osBonunu BCTAHOBMTU, WO WMOro 3Ha4eHHs 36inbliyeTbes
(3MeHLyeTbCA) Npu 36inbLIEHHi (3MeHLLeHHi) TemnepaTypu BigHocHO 20 °C. A TakoX BKasyloTb Ha Te, WO
3acTocyBaHHS nornikapboHaTy sk maTepiany Tpybku ONTUYHOrO MOAYMs, B SIKOMY PpO3TalloBaHi KBapLOBi
ONTWYHI BONOKHA, 3a6e3neynTb MeHLUi 3MiHWN BiAHOCHOIO BUAOBXEHHS kabeno npu 3miHi TemnepaTtypu.

KnroyoBi cnoBa: onTuuHui kabenb, BigHOCHE BMAOBXEHHHA kabemnto, Tpybka ONTMYHOrO MOAYIHo,
TemnepaTypHUn KoedilieHT MiHINHOro POo3LUMPEHHS.

AHHoOTaumAa. B paboTe npoBedeHO WcCredoBaHME TepPMOMEXaHMYECKOrOo BO3OENCTBUS Ha
reomeTpuyeckme pasmepbl 3IEMEHTOB CepAeYHMKa KOHCTPYKUMK onTudeckoro kabens (OK). 3To no3sonuno
YCOBEPLUEHCTBOBATb BbipaXXeHUe pacyeta JOMnyCTMMOro OTHOCUTENbHOrO YANMHEHMS kabens nytem y4veTta
TeMnepaTypHbIX KO3(MUUNEHTOB JMHEMHONO paclUMpPeHns MaTepuarnoB KOHCTPYKTUMBHBIX 3J1EMEHTOB.
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[Mony4yeHHble TemnepaTypHble 3aBUCUMOCTU W3MEHEHUS OTHOCUTENbHOrO YAMUHEHUS KOHCTpykummn OK
NO3BOSUMO YCTAaHOBUTL, YTO €ro 3HayeHne ysenmynBaeTcs (YMeHbLIaeTcs) Npu yBennyeHnn (YMeHbLLIEeHNI)
TemnepaTypbl oTHocuTenbHo 20 °C. A Takke yKkasbiBalOT Ha TO, YTO NpuUMeHeHWe nonukapboHaTa B
KayecTBe MaTepuana TpyOku oOnTMYecKoro Moayns, B KOTOPOM pasMelleHbl KBapLeBble OnTUyeckue
BOMOKHa, 06ecneynt MeHblUMe W3MEHEHUS OTHOCUTENbHOIO YAMWHEHWs Kabens npu  WU3MEHEHUM
TemnepaTypbl.

KnioueBble cnoBa: onTuyeckuin kabernb, OTHOCUTENbHOE YANMHeHne kabensi, Tpybka onTUYeckoro
MoAynNsA, TeMnepaTypHbIn KO3 MLMEHT NUHENHOTO pacLUpPEHUS.

Ensuring of the physical integrity and stability of transmission characteristics of an optical
fiber (OF) is the most important task when developing and producing of optical cables (OC),
constructing and technical operating of fiber-optic communication lines.

Today this has led to the development of a number of designs of optical cables, which are
distinguished by a variety of design solutions, quality, parameters and materials of the elements and
are able to provide the above conditions.

One of the important points of the OC design is to ensure the thermal stability of its designer
characteristics under the influence of temperature change. This need is due to the fact that when the
temperature changes the elastic-deformed state in the OC arises due to the difference of the
temperature coefficients of linear expansion (TCLE) of the elements materials, in particular, the
optical fibers and the optical module tubes (OMT), into which they are laid [1]. Such OC state can
introduce the extreme tensile and compressive forces in the OF, which cause an unpredictable
change of transmission parameters, premature aging or fiber breakage, and the failure of the entire
fiber optic communication line.

The above conditions are achieved by providing the smallest contact of the OF (or many
OF) and the inner surface of the OMT wall and in practice, as a rule, is realized at the OC
production temperature by free placement of optical fibers inside the tube of the optical module

(Fig. 1). 5
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Figure 1 — Bunch of optical fibers, freely enclosed in the optical module tube:
1 — optical fiber; 2 — optical module tube

Thus, under the influence of temperature, the longitudinal and transverse dimensions of the
core elements of the OC (in particular OF, OMT, central strength element) are changed in
accordance to the TCLE values of their materials.

In addition, in a number of sources, for example [1-3], it is noted that the important aspect in
designing of OC is the right selection of the OMT diameter, the radial thickness of its walls and the
number of optical fibers located therein, with providing the necessary space within the module for
free movement of OF in it under the action of the mechanical loads on the cable.

The mentioned geometric dimensions of the elements allow to determine the relative
elongation of the OC design, which is the criterion for calculating the cable's maximum permissible
tensile load £, , which is regulated in product technical conditions and must be provided

throughout the normative term [1]
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Fmp = ZEiSC‘Si 2 (1)
i=1

where n — number of elements providing the mechanical strength of the cable; E, — Young's module
of the material of the i-th OC element, N/mmz; g, — permissible relative elongation of the OC; S, —

cross section area of the i-th element, mm?®.

The outlined situation indicates the need to perform the research of the temperature
influence on the geometric parameters of the OC elements, since at present in the technical
literature there is no complete data on the result of the temperature influence on the geometric
dimensions of the elements and the parameters of the OC design.

The purpose of this work is to study the results of the temperature influence on the
geometric dimensions of the elements and relative elongation of the optic cable with modular
design.

The design of the OC should be constructed taking into account the provision of OF
materials and other elements minimal interaction in the manufacture and operation, as well as when
their size changing under of the environmental influence with different temperatures [1].

The presence in the OC design the elements, made of materials with different TCLE, causes
different changes of their geometric sizes. In this case, due to the difference of the TCLE of OF and
OMT materials, their lengths under the temperature change differently, which results to the
appearance of compression or stretching forces of the optical fiber located inside the optical module
tube [4].

In [1], it is shown that for the case of the equality of the TCLE of OF and OMT materials,
the diameter of the optical module tube d),,; can be taken as the sum of the diameters of the OF (or

many fibers) and the double radial thickness of the OMT wall

dovr = Ao + 2 oprs (2)
— diameter of the optical module tube, mm; d_, — diameter of an OF (or bunch of
omr — radial thickness of the OMT wall, mm.

Then, the minimum diameter of the optical module tube, taking into account the interaction
between the OF and the inner surface of the OMT wall, as well as the changing of the radial
dimensions of these elements at temperature change, can be determined [1]

oy [ 14+ TKIIP o (£ =20) |+ d [ 1+ TCLE i (1 —20) |

doyr = - , (3)
. /1+ctg % ATCLE-(1-20)
sin’ 0 2¢0s*0

where TCLEomt, TCLEor — materials TCLE of OMT and OF accordingly, K'l; t — temperature, °C;
n — number of the cable core elements, enclosed around the central strength element (CSE); 0 —
angle of the spiral layering of the elements in the cable core, rad.

However, in practice, in real OC designs when using the existing polymeric materials, the
equality of TCLE of OMT and OF can not be achieved, therefore, the optic module's tube diameter
is chosen higher than the value d . +2¢,,;. That is why, the distance (gap filled by the hydrophobic

where d,,;

fibers), mm; ¢

filler) is supposed between the OF and the inner surface of the OMT wall to ensure the free
movement of the fibers within the tube of the module.

Based on Fig. 1 it is known that the distance between the OF and the inner surface of the
OMT wall with the axial arrangement of fibers inside the module equals [3]

AR =

dOMT B 2tOMT _dOF )

5 (4)

At temperature change, this distance varies due to the change of the radial dimensions of the
OMT and OF on the additional value AR, (¢) [1]
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t-20
ARadd ()= |:(dOMT20 - ZtOMTZO )TCLEOMT - dOonTCLEOF:| ( > ) > (5)

where d 1005 Tonmaos Qo — diameter of the OMT, its radial thickness and OF diameter (bunch of

fibers) at temperature 20 °C, mm.

General expression for determining the distance AR at temperature change
AR(t)=AR+AR,(t)=

_ %[(domo — topyrag )| 1+ TCLE gy (= 20) |~ dgay [ 1+ TCLE o (£ - 20)]]. 6)

Changing of the free space inside the OMT leads to a decreasing of the fibers ability to
move when introducing the applied, first of all, longitudinal forces to the cable. This causes to
reducing of the cable relative elongation, and thus limiting its mechanical strength.

The relative elongation of the OC design ¢, at temperature 20 °C can be determined by

2p2 2
sc:_1+\/1+4“th (22R—AR]§ j %

where €, — relative elongation of the OC design; R — radius of the spiral stacking of elements in

expression [2, 3, 5]

the layer, mm; AR — distance between the OF and the internal surface of the OMT wall, mm.
Taking into account all temperature-dependent parameters, the expression (7) will take the
form

h(ey )

e (t)=—1+ R(0) R(Z)Z

As known, the radius of the spiral stacking of the elements in the core of the cable is defined
as (Fig. 2) [3]

1+4n2R(t)2 [2AR(¢) AR(t)zJ' )

R= dese + Aoy 9)
2 b
where d., dg,,; — CSE and OMT diameters respectively, mm.

Figure 2 — Spiral stacking of the optical module tube around the CSE
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Between the diameters of OMT and CSE there is a connection defined in [4, 5], which is
characterized by the coefficient k, which is determined by the number of elements in the cable layer

dese = dovrk - (10)
However, in the case of the temperature change of the OC relative elongation, using the

expressions (7) and (8), the simplified expression (10) is incorrect, since the connection with the
TCLE of the CSE material is lost.

Changing the diameters of OMT d, . (¢) and CSE d (¢) under the influence of

temperature change can be defined as
Aonr (1) =donrao | 1+ TCLE 1 (£-20) |,

egs (1) = dogeny [1+T(:LECSE (t—20)], (11)

where d ;1505 d sy — diameters of OMT and CSE at temperature 20 °C, mm; TCLE,,,;, TCLE

— TCLE of OMT and CSE materials accordingly, K.
The change of the spiral stacking step of the elements must be determined from the ratio to
the axial length of the element

Ah = % (12)
IOMT
where /,,.,h — the initial length of the OMT and stacking step at temperature 20 °C, mm;

lowr = h2+(2nR)2; Al — change of the OMT length due to temperature, mm;

Aoy = Loyt TCLE oy 1 (t - 20).

Thus, the resulting expression to determination of the relative elongation of OC, taking into
account the temperature influence on the geometric dimensions of all the elements of the cable, has
the following view

e (t)=-1+ 1+4—“22 - [1+TCLE g (1=20))+ AR(t)=AR(z) |, (13)
(hyy +AR) (k+1)[1+ TCLE ., (1 —20)]

where d,,,— diameter of OMT at temperature 20 °C, mm; #,, — stacking step of core elements at

temperature 20 °C, mm; Ak — change of the stacking step according to equation (12), mm;
TCLE,,;;» TCLE . — TCLE of OMT and CSE accordingly, K'; ¢ — operating temperature, °C; k —

coefficient that takes into account the number of elements in the cable core, enclosed around the
central strength element; AR(t) — temperature-dependent distance between the OF bunch and the

internal surface of the OMT wall, mm.

Using the improved expression (13), the temperature dependence of the relative elongation
of the cable design is determined on condition: initial stacking step at =20 °C 4 = 100 mm, TCLE
of elements materials of the OC according to Table 1, diameter of OMT d,,,.,, within (2...3) mm,

coefficient k = 1, that corresponds to 6-elements cable design, radial 1 thickness of the OMT wall
towro €quals 20 % of the d,,,, diameter of bunch of the 12 OF d,,=1,06 mm [3]. The

calculations results of the temperature dependence of the cable relative elongation at different
diameters of OMT, made of polybutylene terephthalate, polyamide, polycarbonate, are shown on
Fig. 3. Fig. 4 shows the temperature dependence of the relative elongation of OC with OMT
diameter 2.3 mm and OMT materials according to Table 1.

In this paper, the study was done using the following assumptions:

1. As materials of the optical module tube accepted only polybutylene terephthalate,
polyamide, polycarbonate, and optical fiber accepted quartz glass.
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2. The lengths of OMT and OF at temperature of 20 °C are equal to each other, that is, the
optical fiber length (or the fiber bunch) is equal to the length of the axial line of the optical module.
3. The influence of materials of filling elements, aramid yarn, protective coverings, etc. were

not taken into account.

Table 1 — Value of temperature coefficients of linear expansion of materials of OC elements

No Element of OC Material of element Value of TCLE of material, K™
1 Central strength fiberglass rod 6,6:10°
element
2 Optical module tube polybutylene terephthalate 1,510
polyamide 7,8-107
polycarbonate 6,5-107

Table 2 — The values of the relative elongation of the OC at temperature ¢ within range

(-40...+70) °C
No Material of element The values of the relative elongation of the OC
at temperature ¢, °C
-40 0 +20 +40 +70
1 Polybutylene terephthalate 0,134 0,138 0,140 0,142 0,145
2 Polyamide 0,137 0,139 0,140 0,141 0,143
3 Polycarbonate 0,138 0,139 0,140 0,140 0,142

dOMT ’

40
g1 f, °C

Figure 3 — Temperature dependence of relative elongation of the OC
at different diameters of OMT

The obtained dependences of the relative elongation of OC &, show that when the

temperature is changed within range (-40...+70) °C the choice of OMT material causes the change
of the geometric dimensions of the module tube and the freedom of movement of the OF inside it.
On the Fig. 4 dependence analysis showed that the usage of polycarbonate as a material of OMT
will provide less variation of the cable relative elongation, and therefore the total magnitude of the
permissible longitudinal mechanical strength of the cable.
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Figure 4 — Temperature dependence of relative elongation of OC for various

materials of OMT: 1 — polybutylene terephthalate; 2 — polyamide;
3 — polycarbonate

Conclusions:

1. The research of thermomechanical influence on geometrical sizes of core elements of an
optical cable (OC) design is done in the work. It allowed improving the expression for calculating
the permissible relative elongation of the cable by taking into account the temperature coefficients
of linear expansion of the structural elements materials.

2. The obtained temperature dependences of the changing of the OC design relative
elongation made it possible to establish that its value increases (decreases) with increasing
(decreasing) temperature relatively to 20 °C. And also show that the usage of polycarbonate as a
material of the optical module tube where quartz optical fibers are placed will provide smaller
changing of the cable relative elongation at the temperature change.

3. In order to take into account when the OC designing the changing of the longitudinal
mechanical strength of the OC and the correct selection of materials, in particular OMT, CSE and
OF, it is necessary to take into account the temperature influence on the geometric dimensions of
the cable core elements and its permissible relative elongation.
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