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Optimization design of bending performance for ultralow loss hole
assisted fiber

She Yulai, Zhou Dejian®, Chen Xiaoyong
(School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: A two—dimensional axisymmetric finite element model for fiber bending was established. The
fiber bending performance was analyzed by finite element method. The fiber bending loss, the effective
mode field area and the splice loss were calculated respectively. The multi —objective orthogonal
optimization was combined with gray relational analysis method in the design for fiber bending
performance which was carried out taking the bending loss and splice loss as objective functions, taking
the distance b from the core to the trench, the width of trench ¢, the depth of trench At and the radius
of air holes r as design variables. The results show that the bending loss of optimized fiber decreases
from 0.127 8 dB/m to 1.749 8x10~* dB/m, the effective mode field area of optimized fiber decreases
from 94.741 pm?® to 82.37 pm?, the splice loss of optimized fiber reduces from 0.174 3 dB to 5.805x
10~ dB. Compared with the standard single—mode fiber, it is found that the effective mode area of the
proposed fiber decreases from 209.21 pum® to 82.3 pwm’ with the bend radius of 3 mm and the splice
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loss decreases from 7.535 8 dB to 5.805x10~* dB. The proposed fiber can also ensure the transmission

quality of the system in the case of small bending radius.

Key words: optical fiber optics;

bending loss; splice loss
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fiber bending performance;

gray relational analysis method;
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(a) Schematic of fiber structure (b) Partial schematic of fiber
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Fig.1 Cross section schematic of the proposed fiber structure
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Fig.2 Bending loss and effective mode area as a function of R
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Tab.1 Factors and levels of optical fiber structure

Factor
Level
b/pm At ¢/pm r/pm
1 2.5 0.001 12 2
2 5 0.002 14 3
3 7.5 0.003 16 4
4 10 0.004 18 5
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Tab.2 Orthogonal array of fiber structure parameters and the results of finite element analysis

Factor Simulation experiment results
No.
b/pm Ar c/pm r/pm Bending loss/dB -m™ A/ pm?® Splice loss/dB
1 2.5 0.001 12 2 0.091 6 81.574 0.003 0
2 2.5 0.002 14 3 0.004 46 77.871 0.040 7
3 2.5 0.003 16 4 1.554e—-4 75.823 0.081 7
4 2.5 0.004 18 5 3.391e-6 74.382 0.1199
5 5.0 0.001 14 4 0.042 81 87.094 0.023 2
6 5.0 0.002 12 5 2.997e—-4 81.763 0.002 3
7 5.0 0.003 18 2 0.005 663 84.751 0.004 4
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Continued Tab.2

Factor Simulation experiment results

- b/pm Ar c/pm r/pm Bending loss/dB-m™' A/ pm? Splice loss/dB
8 5.0 0.004 16 3 1.982e—4 83.336 1.6e—-4
9 7.5 0.001 16 5 0.264 2 96.978 0.241 3
10 7.5 0.002 18 4 0.147 4 95.246 0.188 8
11 7.5 0.003 12 2 0.0157 91.714 0.099 5
12 7.5 0.004 14 3 0.001 0 90.313 0.0712
13 10 0.001 18 3 8.7522 194.254 6.4973
14 10 0.002 16 2 1.771 1 127.725 1.803 1
15 10 0.003 14 5 0.022 8 101.289 0.394 0
16 10 0.004 12 4 0.004 9 99.327 0.3208
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Tab.3 Relational degree of objective function

Number Factor Relational
b/p.m At ¢/pm r/pm degree
1 2.5 0.001 12 2 0.987 351
2 2.5 0.002 14 3 0.994 460
3 2.5 0.003 16 4 0.990 185
4 2.5 0.004 18 5 0.985 781
5 5 0.001 14 4 0.991 371
6 5 0.002 12 5 0.999 696
7 5 0.003 18 2 0.998 704
8 5 0.004 16 3 0.999 973
9 7.5 0.001 16 5 0.938 194
10 7.5 0.002 18 4 0.958 497
11 7.5 0.003 12 2 0.985 985
12 7.5 0.004 14 3 0.991 299
13 10 0.001 18 3 0.333 333
14 10 0.002 16 2 0.684 367
15 10 0.003 14 5 0.953 642
16 10 0.004 12 4 0.963 397
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Tab.5 Bending performance of two types of fiber

Fiber type Bending loss/dB-m™  A/pm? MFD/pm
SMF-28 21.54 209.21 16.31
Proposed fiber 2.13x107° 82.37 10.24
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