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Influence of Coating Adhesive on Thermal Stress Interference
Birefringence of Optical Fiber Coil

Yu Qiang Zhang Chen He Zhou Li Xuyou
(Automation College , Harbin Engineering University, Harbin, Heilongjiang 150001, China)

Abstract Based on the actual influence of optical fiber coil received the thermal stress, optical fiber's crushing
stress birefringence in fiber coil is deduced, and the method is proposed, making use of the finite element transient
state thermal analysis, to study thermal stress interference birefringence of fiber coil influenced by coating adhesive.
Via the simulation computation to the thermal stress disturbance birefringence of typical fiber, the paper concluded
that after coating adhesive processing, the fiber coil has a temperature segment that relates to the adhesive
parameter, and the thermal stress disturbance birefringence in this segment is smallest, even the sensitivity of
temperature change drops to the lowest. Through an actual test to 1000 m polarization maintaining fiber coil, it is
indicated that the extinction ratio in this segment is 1.5 dB higher than low temperature section. The match of
adhesive material’s temperature characteristic for environment of fiber optic gyroscope is proposed.
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Fig. 1 Arrangement and force diagram of fibers in

inteference fiber optic gyroscope
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Fig. 2 Partial cross-section of fiber coil
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Table 1 Parameters of cladding material for optical fiber

Elastic Thermal
Temperature / C modulus / expansion /
(10° Pa) (10' K™D
—40 1. 82 0.5
—20 1. 66 0.5
0 1.622 0.5
20 1. 585 7
40 1. 259 1.2
60 0.794 1.5
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Table 2 Parameters of air in the coil

Density / Thermal conduct /
Temperature / C )
(kg/m*) [W/(m+ C)]
—40 1. 450 0.0209

—20
0
20
40
60

. 336
. 237
. 153
. 080
. 015
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Fig. 3 Typical part of fiber coil’s finite element model
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Fig. 4 Stress distribution of the fiber coil’s cross-section

before curing process at (a) —40 C, x direction,

(b) —40 C, y direction, (¢) 60 C, x direction,
(d) 60 C, y direction
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Fig. 5 Birefringence change of a typical fiber's
cross-section before curing process
10 7 EFFF) 60 CHFIY 7. 46357 X107, il TRt iy 28
A& PRI 3R BE XSG ZF 17 7 10 BT 5 1 5 e, B A |
ERIPMIE R,

[E] 15 Ak 3R DA IS 5 R TR 25 AR S A
JE5 LA 2 bl V8 7. BRGS0k %
970 kg/m®; b 1600 J/ (kg « C);I[AM 0. 499475
PER0.21 W/ (m e+ C) , RSBEINFE 3 iR,

3 LT L BB 77 MR 2 4

Table 3 Parameters of adhesive material in fiber coil

Elastic Thermal
Temperature / C modulus / expansion /
(10° Pa) (107" K™D
—40 85 1.5
—20 22 2
0 6 2.3
20 1 2.3
40 1 2.3
60 1 2.3
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Fig. 7 Birefringence change of a typical fiber's

cross-section after curing process
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