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Thermal Stress Calculation and Experiment Investigation of Fiber Optical Sensor Coil Spool

YANG Ji-gang, BI Cong-zhi, SUN Guo-fei

(Beijing Institute of Automatic Control Equipment, Beijing 100074, China)

Abstract: Aiming at the temperature problem of fiber optical gyroscope, the thermal stress effect coming from fiber coil spool
is analyzed. Firstly, by the Ansys computer simulation, the thermal stress values brought by four different spool materials are
given; then, on the basis of the experiment design, the temperature stress effect and the thermal stress effect are distinguish-
ed in the fiber. Thereby the actual thermal stress curves are demonstrated by the stress measurement using the distributed
temperature& strain analyzer. Furthermore, the precision of the computer simulation is proved. In all four measured materi-
als, the thermal stress from carbon fiber composite is the smallest, it just is 220pe in the range of 120°C and the one from ti-
tanium alloy is the bigger, the one from aluminum alloy is the biggest with 6000we in the range of 120°C. According to the
results of simulation and practical operation, the carbon fiber composite is the best material that for making fiber optical sen-
sor coil spool. But for aluminum alloy materials, its performance can be improved by added buffer material.
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Fig.1 The schematic diagram of fiber optical sensor

coil cross section
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Fig. 2 The force analysis in the fiber optical sensor coil
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Fig. 3 The structure chart of fiber optical sensor coil cross

section for the Ansys calculation and the result
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Tab.1 Table of parameters of simulation
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(a) The simulation result of aluminum alloy spool
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Fig. 4 The simulation result of aluminum alloy and titanium alloy spools
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(a) The simulation result of carbon fiber composite
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Fig. 5 The simulation result of two kinds of composite
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Fig. 6 The thermal stress simulation result of aluminum

alloy spool with cushioning material
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Fig.7 The schematic diagram of stress measurement
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