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Abstract The calculation method of stress field and birefringence at the fiber core center with any stress
region shape is studied. The design of bow—tie fiber is optimized. With the help of solid mechanics module in
COMSOL Multiphysics software, stress field distribution at fiber core center is studied when the stress—
induced fiber has same stress area and different stress region shapes. The result shows that the numerical
value acquired by integral method agrees with the value from software simulation. Therefore, the stress
distribution and birefringence at fiber core center can be calculated by integral method directly even if the
stress— induced fiber has any stress region shape. By means of stress element analysis based on integral
method, it is found that the bow—tie fiber birefringence at fiber core is not the biggest compared with other
type of stress— induced fiber if their stress area is the same. This is against the usual conclusion that the
birefringence of bow-tie fiber is maximal. To get higher birefringence, bow—tie fiber is optimized again. As a
result, a new fiber with “lunar” stress region is obtained.
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Fig.1 Coordinate system rotation
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Table 1 Fiber material parameters for modeling and simulation

Parameter E /(10" N/m®) v T, /C T, /°C C /(10" m*N)  C, /(107 m*/N)
Value 7.8 0.186 1000 20 0.7572468 4.18775

Parameter @, /(10°°C) @, /10°°C) e, /(10°CT) N Now N.,
Value 2.215 0.54 1.45 1.4558 1.4478 1.4418
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Table 2 Normal stress difference at the center of the fiber core with different stress shapes

COMSOL /(10" N/m*) Integral method /(10" N/m*)
Circle @ 1.7965 1.7961
Rectanglemm 2.3905 2.3905
Rotate angle 45° 1.69 1.6896
Rotate angle 90° 1.2954 1.2955
Squarel 1.696 1.6955
Rhombus ¢ 1.9181 1.9174
Triangle A 1.6914 1.6809
Triangle P 1.4829 1.4837
Triangle <« 2.3824 2.3809
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Fig.2 Normal stress difference at the center of the fiber core with different stress shapes
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Fig.3 Normal stress difference at the center of the fiber core with rectangular stress region under rotate angles of (a) 0°, (b) 45° and (c¢) 90°
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Fig.5 Stress field of bow-tie fiber Fig.6 Stress field of "lunar" stress fiber
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