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Table 1 Parameters of glass used in simulation

Parameter Value Ref.
Density /(kg/m*) 2200
Surface tension /(N/m) 0.3 [16]

. (85640
3.8 X 10" " exp — | T<<1670K
Viscosity /(Pa+s)

[17]
. (61990
5.8 X 10 " exp — ) T>1670K
. 0.9786 +1.12 X 10 °T , 300 K<< T<<1100K
Heat conductivity /[W/(m-K) ] . [18]
2.0504 4+ 1.177 X 10 *T, 1100 K<< T<< 2200 K
35.936 + 3.3668T — 0. 0041T* 4+ 2. 5803 X 10 °T* —
Specific heat capacity /[J/(kg+K) ] 8. 0867 X 107 °T*+9.9048 X 10 “T7, 273 K<< T<< 1973 K [18]
1273 , 1973 K<< T<< 2200 K
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Fig. 2 Distribution of temperature field and velocity field during tapering under fixed heat source. (a) Temperature field; (b) velocity field
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Fig. 3 Experimental verification of tapering profile simulation. (a) Tapering experiment; (h) comparison of simulation results and

experimental results of tapered profiles
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Prediction of Optical Fiber Tapering Diameter Based on Nonisothermal
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Abstract

Objective Optical fiber tapering is a key process in the fabrication of optical fiber devices such as fiber combiners, fiber sensors,
and fiber multiplexers. The tapered section has a significant influence on the light propagation state and directly relates to the
performance of the fiber devices. Consequently, the precise prediction of the diameters of tapered optical fibers is increasingly
important for the design and fabrication of high-performance optical devices. A straightforward and convenient analytical model based
on volume conservation during the optical fiber deformation process can be used to obtain the expressions for the tapered optical
fibers. However, this model only focuses on the tapering process under an ideal uniform heat source and scanning point heat source.
A fluid dynamics model is an alternative method for studying the tapering process of optical fibers. With the help of numerical
methods such as finite element method and finite difference method, the fluid dynamics model can also be used to obtain the diameters
of the tapered optical fibers. Because more practical boundary conditions can be applied, the fluid dynamics model is applicable to the
tapering process under complicated conditions, such as scanning nonuniform heat sources. In this study, a nonisothermal flow model
is built using the finite element method to study the tapering process of optical fibers. With the tapering diameters obtained from the
nonisothermal flow model, a back propagation (BP) neural network is then built and trained to achieve fast prediction of the tapering

diameter for engineering applications.
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Methods First, a nonisothermal flow model of optical fiber tapering is implemented in the finite element software COMSOL
Multiphysics. A two-dimensional axisymmetric model of optical fiber is built, normal outflow velocity is applied to both ends of the
optical fiber, and general inward heat flux and free surface conditions are applied to the surface of the optical fiber (Fig. 1). With this
numerical model, the tapering of optical fibers under different conditions can be simulated. Second, tapering experiments are
conducted using tapering equipment with an oxyhydrogen flame (Fig. 3(a)), and the tapered optical fibers are then scanned to obtain
the diameters. The comparison of the simulation and experimental results verifies the validity of the nonisothermal flow model.
Third, a BP neural network including one input layer, two hidden layers, and one output layer is built in Matlab (Fig. 4). The input
of the network includes the initial fiber diameter, length of the heat zone, distribution coefficient of the heat source, and tapering
time, and the output of the network is the final taper diameter. The training dataset for the network is generated using the simulation
results of the tapering diameters under a fixed Gaussian heat source. Specifically, the training dataset includes 240 simulations with
initial input diameters of 100, 200, 300, and 400 pm, heat zone lengths of 4, 6, and 8 mm, heat source distribution coefficients of
0.002, 0.003, 0.004, and 0.005, and tapering time of 20, 40, 60, 80, and 100 s.

Results and Discussions The diameter differences between tapered profiles calculated using the nonisothermal flow model and
those measured in the tapering experiments are within 6 pm, which verifies the accuracy of this numerical model (Fig. 3(b)). The
simulation also successfully predicts the absence of a waist in the tapered profile, which is due to the nonuniform temperature
distribution in the heat zone and the overlap effect of the heat source during scanning. The BP neural network predicts the tapering
diameter of 360 pm fiber, and the difference between the predicted and simulated results is within 1.7 pm (Fig. 5).

Conclusions In this study, the tapering processes under a uniform heat source, fixed Gaussian heat source, and scanning Gaussian
heat source are successfully simulated using a nonisothermal flow model. The simulation results for the tapered profiles are in good
agreement with the tapering experimental results, and the differences are within 6 pm. A BP neural network is built and trained with
the dataset obtained from the nonisothermal flow simulations. Fast prediction of the final tapering diameters of optical fibers is
achieved, and the difference between the predicted and simulated results is within 1.7 pm.

Key words fiber optics; fiber tapering; nonisothermal flow; neural network; numerical simulation
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