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Abstract: To find out the effect of the shape of fused taper region on the optical fiber coupler, the fiber couplers were fabricated at
different drawing speeds with a six-axes fiber coupler machine. The results, which were obtained from the shape of fused taper
region measured with microscope, show that there is a close correlation between the cone angle and optical performance of fiber
coupler. High-performance fiber coupler cannot be obtained until rheological shape is controlled accurately. The numerical analysis
model, which was built based on generalized Maxwell viscoelastic theory, is resolved with ANSYS software. The calculated results
accord with the experimental data. It can apply a theoretic basis for forecasting the shape of fiber coupler fabricated under the

conditions of different technological parameters.
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1 Introduction

With the development of all optical communications,
fiber coupler, which is an important passive device, has
been widely used in the fields of fiber communication,
fiber sensor and so on. At present, it is widely fabricated
by the method of fused biconical taper (FBT). FBT
coupler has lower cost, lower excess loss, higher
directional stability and reliable performance. A lot of
researches have indicated that the fiber core can’t carry
all the transmission power and the light-wave will be
transmitted in new wave-guide that is composed by
envelope and air when the core diameter is less than a
certain value, and the power will be redistributed in the
output port"™. For the light-wave guide, fused taper
shape of fiber coupler has a significant influence on its
optical performance. In the fabrication process, fibers are
heated and fused by flame or other heating device. The
fused fibers are drawn to a biconical tape profile by the
surface shearing stress. The rheological shape is directly
influenced by drawing speed at a certain temperaturel” '*.,
In this study, the shape of fiber coupler fabricated at
different technological parameters was measured and a
finite element analysis was presented based on Maxwell
viscoelastic theory.

2 Experimental

2.1 Fused biconical taper setup
Two fibers, whose coating was peeled off and

cleaned, were put together and fused on the drawing
stage, then they were heated by gaseous flame while the
drawing stage moved toward opposite side at a certain
speed. The fused region tended to slim during the heating
and drawing process and became a biconical taper at last.
The fused temperature was obtained by burning C;Hg
and O,. The gas flux and drawing speed were controlled
with computer. When the light power corresponded to
the preset value, the heating and drawing were stopped
automatically.

2.2 Coupler preparation and shape testing

Fig.1 shows the typical structure of fused taper fiber
coupler. It was made up of two sections: one smooth
fused region and one taper region. The total drawing
length is marked as L.; the fused region length is marked
as Lp; and the taper region length is marked as L.
L=LytL. d(z) stands for couplers’ sectional diameter,
which changes along with axes. The curve of taper
region is similar to parabola. Different rheological shapes
were accomplished by different fabrication parameters.

The sectional diameter of different couplers which
were fabricated at different parameters, were measured
with microscope. Figs.2—5 show different profile curves
of coupler fabricated at different drawing speeds. The
shape of couplers’ profile is symmetrical. The couplers’
excess loss can be calculated by testing the power at two
output ports with light power meter.

2.3 Experimental results and discussion
Table 1 lists the performance index and technological
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parameters. It is found that the profile curve in the taper

region can be described as two symmetrical exponents 0.14
according to Figs.2—5. Excess loss is lower when the 0.12
taper angle is small, and drawing speed has effect on the E
taper angle. % 0.10
. . £ 0.08
Table 1 Relationship between taper angle and excess loss g
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Fig.4 Profile curve of coupler at drawing speed of 0.25 mm/s
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2 om 3 Simulation analyses
0.02 3.1 Viscoelastic model of fiberglass
0 L 1 L TV J Fiberglass is a high-purity silica glass that is a
4 8 . 12 16 0 viscoelastic material. Its stress and strain are the function
Axial distance/mm . . oL
) ¢ | ) 1of0.L5 of time and temperature, and its integral constitutive
Fig.2 Profile curve of coupler at drawing speed of 0. s equation under isothermal (7p) condition is 01-12]

and excess loss of 0.11 dB
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O'(To,t)=£ZG(T0,t)%dT+IJ:K(To,t)%dr 1)

where ¢ is Canchy stress; 7 is strain; e is deviatoric part
of the strain; 4 is volumetric part of the strain; G(?) is the
shear relaxation modulus; K(¢) is the bulk relaxation
modulus; I is unit tensor and ¢ is relaxation time.

In the glass material the shear deformation mostly
occurs at high temperature, so the stress causes the
volume strain very small, which can be ignored. The
constitutive equation can be described as

Ty, 1) = J:ZG(TO,t—T)%dT Q)

where G(f) is a shear relaxation function and also a
gradually decreased function. It can be expressed as an
expand index form generalized Maxwell mode

N
G(Ty,t) = Go > Wi exp(——) 3)
k=1 Tk

where G, is initial shear modulus; N, is the number of
Maxwell unit; 7; is relaxation time; w; is weight
coefficient. Table 2 lists the Maxwell viscoelastic
parameters of the fibreglass at 1 050 C.

Table 2 Relaxation time and weight coefficient of fiber glass

7)/8 7,/8 73/ 74/S 75/s
0.007 0 0.002 1 0.0059 0.0164 0.046 0
76/S 74/8 7g/s 79/8
0.128 8 0.360 6 1.0100 2.8270
wy wy w3 2} Ws
0.0245 0.049 7 0.063 4 0.0687 0.1121
We wy wg Wg
0.1743 02383 02251 0.078 2

Reference temperature 1 050 C, viscosity 10.24 Pa-s, initial shear module
Go=31.4 GPa™"?

3.2 Finite element model and boundary condition

Supposed that the flame center is the origin of
coordinate, the width of flame region is about 9 mm.
Here 10 mm optical fiber is selected to analyze. Because
the structure and load of fiber couplers are symmetry on
xOy plane, in order to enhance the computing speed, the
problem can be simplified to plane problem (as shown in
Fig.6).

‘y 0.0625 mm

S mm

Fig.6 Model of fused taper

FBT of fiber coupler is a complex dynamic process.
Visco88 element, which is a two-dimensional 8-node
viscoelastic element in ANSYS software, is chosen to
carry out rheological analysis. Fig.7 shows the boundary
condition in structural analysis. The boundary condition
is: the symmetry plane (y-axis) is loaded with
symmetrical restriction, and the x-axis is loaded with
axial symmetrical restriction. Temperature, which is
1 200 ‘C measured with thermocouple, is used as body
load. And one end of fiber is applied with a fixed
drawing speed, which is expressed with a certain
displacement in unit time.

Axial symmetry

Fig.7 Boundary condition of structural analysis

3.3 Simulation result and analysis

Fig.8 shows the stress field when the fiber coupler
is drawn for 2 s at the drawing speed of 0.15 mmys. It is
found that the maximum stress (Maxeqv) is 20.0 MPa at
the centre of the fused region when the maximum
temperature is 1 200 C and drawing speed is 0.15
mmy/s. It is also found that the fibre has stress gradient in
radial direction. This is because that the temperature field
is asymmetric in radical direction. The central fiber stress
is higher than the surface stress inside the flame, and it is
lower outside the flame. :

Maxeqv
Fig.8 Stress field of fiber coupler at drawing speed of
0.15 mm/s

3.4 Rheological shape of fiber coupler
Fig.9 shows the shape curve of fiber coupler when it

0.15
~— Experimental testing curve
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Fig.9 Experimental and simulation shape curves of fused taper

region
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is drawn at the speed of 0.15 mm/s for 80 s. The final
rheological shape of fiber coupler should be a biconical
structure. The simulation results are conformed by the
experimental testing curve.

4 Conclusions

The sectional shape of optical fiber coupler was
tested with the microscope. It is found that the sectional
shape has close relationship with the excess loss of the
optical fiber coupler, that is, the excess loss of the
coupler increases while the taper angle increases. Based
on the Maxwell viscoelastic theory, the model of FBT
was built. Simulation analysis result in the process of
FBT is obtained with ANSYS software. The simulation
calculations  coincide  with  the  experimental
measurements.
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