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Abstract: A mathematical model of forming a composite coating on optical fiber was
established. The model is based on existing mathematical models for coating optical fibers
with polymer coating and experimentally defined rheological behavior of the investigated
dispersed system. The model was developed for a dispersed system consisting of
poly(ethylene-co-vinyl acetate) - EVA in a form of toluene solution and powders of magnetic
materials (BaFe .09 and SmCos). The influence of the die diameter, diameter of the original
optical fiber, concentration of EVA and magnetic powders on the thickness of composite
coating was investigated. The model shows good agreement with experimental data.
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Pesome: B paHHOH paboTe YCTAHOBICHA MATEMATHYCCKasA MOHEHb OOpAa3OBaHHA
KOMITO3HTHOI'O HOKPBITHS Ha ONTHICCKOM BOJIOKHE. Mogess 6a3HpoBaHa Ha CYIECTBYIOIICH
MAaTeMaTHYECKOH MOJC/IH MOKPBITHS BOJIOKOH TOTHMCPHBIM ITOKPBITHEM H KCIICPHMEHTATEHO
onpegeseda peoJorHIeckiHM [TOBEJCHHEM HCCICAYEMOR JHCIEPCHOR cHcTeMbl. Mogers
cghopmyHpOBaHa JJIS JHCOEPCHOH CHCTEMbBI, OOpa30BaHHOW H3 pacrBopa HOJIH(STHICH-
KOBHHHJI anerar) — PBA B ToyIode H HOPOHIKOB IIOCTOSHHBIX MATHHTHBIX MATEPHAIOB
(BaFe ;09 # SmCos). Hccregopaso BIHIHEC JHAMCETPA OCHOBHOI'O BOJOKHA, KOHICHTDALHH
BBA H MardHTHLIX HOPOHIKOB HA TOJILHHY KOMIIOSHTHOIO HOKpBITHE. Mogeas xopouro
COTIACYeTCs ¢ SKCIIEPHMEHTATBHBIMH JAHHBIMH.

KnrodeBble cnoBa: MojeHpoBaHye; KOMIIO3ATHOE [OKPBITHE, ONTHYCCKOE BOJOKHO;
MAarHHTHBIH [TOPOLIOK; YCIOBHSA [IOKPHITHA.

Cagpxaj: MoctaBieH je Mmatematudku mogen cbopmupara KOMIIOSUTHE rpeBfake Ha
onTndkoM BrakHy. Mopgen je 3acHoBaH Ha nOCTOjehuM MaTeMaTudkuMm Mogernvma
npesnadYerba BflakaHa [OSIMMEPHOM MPEBNaKOM W EKCNePUMEHTas/IHO  yTBphEeHOM
PEeOSIOLIKOM MOHaLlawy UCrIMTUBaHor gucnesHor cucrtema. Mogen je passujeH 3a
AVCTIEP3HN CUCTEM KOju YUHE pacTBop rnonn(eTuneH-ko-suHun ayerar) — EVA y tonyerny n
npaxoBu NepMaHEeHTHUX MarHeTHuX maTepujana (BaFe;;0.9 u SmCos). icnutusar je ytnyaj
MpeYvHrKa [N3He, MPeYHyKa OCHOBHOI BriakHa, KoHueHTapyuje EVA u marHeTHux rnpaxosa
Ha pgebrbuHy  KoMnosuTHe rnipesnake. Mogen nokasyje p[obpo cnarawe ca
EKCNePUMEHTaTHAM riofaymma.

Kmoyyre peum: Mopenosare;, KOMMO3UTHA NpeBriaka; ONTUYKO BIIAKHO, MarHeTHW rnpax;
yco8y nNpeBaqvera.
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1. Introduction

Coating optical fiber with composite ferromagnetic coating gives the so obtained
fiber new fields for applications. For instance, it is possible to use optical fibers, modified in
this manner, as optical sensors of a magnetic field or for magnetically detectable
telecommunication optical fibers, etc. [1-3]. The composite coating can be made by adapting
the existing process of manufacturing optical fibers in the stage in which the polymer coating
is applied to drawn fiber [4-5]. Instead of a solely polymer coating a coating with particles of
magnetic powder dispersed in polymer melt or solution can be applied.

An adequate mathematical model of the coating process enables investigation of a
great number of process parameters including those that are particularly time consuming and
expensive. ;

The existing mathematical models for coating optical fibers with polymer coating
were analyzed and modified the process of coating optical fibers with a composite coating
consisting of polymer and magnetic powder [4, 6-7]. The rheological behavior of a system
that enables formation of a composite coating polymer-magnetic powder was investigated.
The model was developed for a dispersed system consisting of poly(ethylene-co-vinyl
acétate) in the form of a toluene solution and powders of magnetic materials (BaFe ,O,¢ and
SmCos) [4, 7].

2. Experimental

The commercial single-mode optical fiber produced by Alcatel [8] was coated with
composite coating. The diameter of the original optical fiber given by the producer is
245 + 10 um. The polymer component of the composite coating was poly(ethylene-co-vinyl
acetate) — EVA-with 28 mass% of vinyl acetate, produced by DuPont, (ELVAX 265) [9]. Two
types of the magnetic component of the composite coating were investigated [4, 10]:

* milled SmCos powder (particle size 1.0 - 10.0 um with an average size of 5.4 um);
* Ba-ferrite, BaFe ,0)9 (particle size 0.6 - 2.5 um with an average size of 1.0 um).

The optical fibers were coated with various concentrations of Ba-ferrite and SmCos
dispersed in a 17.5 mass% solution of EVA in toluene. The composite coating was obtained
by drawing the optical fiber through a reservoir containing a defined dispersion with a die
(¢ = 0.5 mm) at the bottom. The temperature in the reservoir was controlled and constant
(38 £0.5°C) [4].

The viscosities of EVA solutions in toluene as well as Ba-ferrite and SmCos
dispersions in these solutions were investigated using a Rheotest 2 rotational viscometer. The
viscosity of EVA solutions in toluene was investigated for various temperatures (30 - 60°),
concentrations (15 - 25 mass% EVA in toluene) and shear rates (3 - 1390 s™'). It was proved
that polymer solutions behave according to the “power law” [11] (eq. 1), while the rheological
behavior of dispersions can be described with the modified Einstein equation (eq. 2) [4, 12]:

o n—l
n=nyy (H
Nas T, ¢, V) =N, (T,¢.7) - (I + kg - 9), )
where: 7)o — viscosity at the zero sheer rate, y - sheer rate, n — exponent of the “power
law™;n (T, c,7) - viscosity of the solution of concentration c, at temperature T and for sheer
rate ¥ ; 1y, (T,c,7)- viscosity of the dispersion of concentration c, at temperature T and for
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sheer rate 7 : T - temperature, ¢ — concentration of EVA in toluene, ¢ -volume fraction of the

magnetic powder in dispersion, kg - Einstein constant, estimated to be kg = 4.5 for Ba-ferrite
and kg = 7.5 for SmCos [4, 7].

3. Overview of the model

The model is based on Miller's model [6] for coating optical fibers with a polymer
coating and experimentally defined rheological behavior of the investigated dispersed system.
Miller's model was developed for a cylindrical coating die, with an unpressurized applicator.
A schematic of the coating applicator with a cylindrical die together with some parémeters of
the model are given in Fig. 1.
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Fis. 1 A schematic of a coating applicator with a cylindrical die (r, — die radius; 77 — radius of the
g g app f

original optical fiber; v, — coating rate; CT — coating thickness; v — axial velocity profile).
g p g g yp

Uncoated fiber moves with a rate of v, in z-direction. Neglecting gravitational, inertial
and surface tension forces the equation of motion can be reduced to [4, 6, 13-14]:
dv_(r)
2 =0, 3
dr ) 3)
where: 77 - viscosity of the coating fluid and v, (r) — axial velocity profile of the coating fluid.

7
Z(rn

The coating dispersion was proved to be Non-Newtonian obeying a power law (eq. 1)
therefore egs. 3 and 1 for boundary conditions:

v, (r)=vp for r=ry,

v.(r)=0 for r=rg
after integrating became:

n+l

v=v, 1—(i] . @
r(l

The coating thickness can be calculated using mass balance (eqs. 5 and 6). The mass of the
solid substance passing through the die is given by [4, 6]:
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Q=2\-7r-a)~p-J’:}r-v-dr, (5)

while the mass of the solid substance forming on the fiber is [4, 6]:
o=r-p"r, +CT)2—r_fJ~v”, (6)

where: Q - material consumption rate; p - density of the coating dispersion; p'- density of the
composite coating; @ - mass percent of the solid component in dispersion; CT — coating
thickness.
According to egs. 4-6 the coating thickness (CT) can be calculated as:
Q >

CT = r
”.p 'v()

+

-7 (7)

4

According to previous investigations [15-17] it was confirmed that uniform coating
thickness could be achieved when coating is performed with appropriate viscosity. It was
established that viscosity of the dispersion should lie in the interval 0.8 — 1.4 Pas. If the
viscosity is smaller than 0.8 Pas, then inhomogeneous composite coating with a form similar
to pearls is formed. If the viscosity is greater than 1.4 Pas inhomogeneous and too thick
coatings are formed [15-17].

Therefore, the first step in using the model is calculating the viscosity of the coating
dispersion according to input data: type of magnetic powder, concentration of EVA in
toluene, concentration of the magnetic powder, coating rate using eqgs. 1 and 2. If the viscosity
is within the range where uniform coatings can be obtained (0.8 — 1.4 Pas) then the coating
thickness (CT) is calculated according to eq. 7, otherwise with the given input process
parameters it is impossible to obtain uniform coating and therefore CT is not calculated.

The main algorithm for calculating the thickness of the composite coating is given in
Fig. 2.
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Fig. 2 Algorithm of main program (CT - coating thickness, pm; Powd - type of powder (BaFe;,04 or
SmCos); T — temperature, °C; EVA — concentration of EVA in toluene, mass%; ry — radius of die, mm;
r¢ — radius of the original optical fiber, um; v, — coating rate, m/s; sr — shear rate, s'; z - fraction of the

magnetic powder in the formed composite coating, vol.%; vis —viscosity of dispersion, Pas).
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4. Results and discussion

The influences of the die diameter, diameter of the original optical fiber,
concentration of EVA in toluene and Ba-ferrite or SmCos in dispersion on the thickness of the
composite coating were investigated.

As an illustration of results obtained using the presented model, in Fig. 3 the
influence of volume fraction of SmCos in composite coating on the coating thickness for
different die diameters is given.
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Fig. 3 Dependence of composite coating thickness on SmSos content in composite coating for different

die diameters.

In the same manner the influence of all investigated process parameters has been
analyzed. The coating thickness is most sensitive to die diameter variations and then to the
diameter of the original optical fiber. Among the investigated process parameters the
importance of EVA concentration in toluene on the composite coating thickness is next, while
the influence of the concentration of magnetic powder in dispersion is even less significant.
The influence of the type of magnetic powder used (SmCos or Ba-ferrite) is negligible.

Validity of the model was confirmed by comparing results obtained using the
presented model with experimental results. The experimentally obtained mean value of the
diameter of the optical fiber with composite coating was used for the comparison. Results of
numerical simulation are given for three diameters of the original optical fiber: 235, 245 and
255 um, since the optical fiber used had a diameter of 245 + 10 um [8]. Fig. 4. shows a
comparison of experimental results obtained for various concentrations of SmCos dispersed in
the 17.5 mass% solution of EVA in toluene with results of numerical simulation for the same
process conditions (v =0.05 m/s, T =38°C).

The model shows good agreement with the mean value of experimental data. The
obtained deviations of experimental results from results obtained using the presented model
are smaller than experimentally established standard deviation of the mean value.
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Fig. 4 Comparison of experimental resuits with results of numerical simulation.
5. Conclusion

A mathematical model of forming cc;mposite coating on optical fiber was established.
The model is based on an existing mathematical model for coating optical fibers with polymer
coating and experimentally defined rheological behavior of the investigated dispersed system
(powders of BaFe;;019 and SmCos dispersed in EVA solution in toluene). Using the
developed model the influence of the die diameter, diameter of the original optical fiber,
concentration of EVA and magnetic powders on the thickness of the composite coating was
investigated. It was established that the coating thickness mostly depends on geometrical
properties of the coating systerri. The model shows good agreement with experimental data,
therefore it can be used for defining the process and equipment parameters (die diameter,
coating rate, temperature...) that produce the desired uniform composite coating thickness
with a defined magnetic powder content.
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