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RESEARCH ON HIGH TEMPERATURE STABILITY ALL-FIBER

CURRENT SENSOR

Abstract

With the acceleration of power grid transformation, current
measurement plays an increasingly crucial role in system disturbance
analysis,fault diagnosis,and control protection. Traditional electromagneti
-c current transformers reveal defects such as poor transient response,
susceptibility to saturation, and insulation difficulties, making them
inadequate for modern power systems. In this context, All-Fiber Optical
Current Sensing (AFOCS) technology has gradually matured,
demonstrating broad application prospects due to its excellent insulation
performance, high-precision measurement characteristics, and strong
electromagnetic interference resistance. However, temperature sensitivity
remains a critical bottleneck limiting its large-scale adoption in power
systems. This study focuses on addressing the temperature-induced
birefringence issue in AFOCS systems through structural optimization to
enhance sensor temperature stability and measurement accuracy. The
research encompasses the following aspects:

First, we analyze the global research status of optical current sensors,

identify key research focuses and application scenarios in this field, and
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justify the rationality of adopting all-fiber architecture through
comparative analysis of typical optical current sensing solutions.
Subsequently, we elaborate on the fundamental theories of AFOCS,
including its basic principles and polarization state theory, followed by an
introduction to the operational mechanisms of several typical AFOCS
configurations, laying the foundation for subsequent research.

Second, we propose a novel ring-structured AFOCS incorporating
coupled FPR (Faraday Phase Retarder) and systematically investigate its
working principles. Using Jones matrix method, we analyze the
polarization state evolution of signal light in the sensing system. Through
in-depth exploration of temperature impact mechanisms on AFOCS
performance, theoretical support is established for system temperature
stability studies. Compared with conventional AFOCS, the measurement
error of the FPR-coupled ring structure is reduced by nearly 300 times,
demonstrating enhanced temperature stability. As birefringence increases,
system error stabilizes around -1%, meeting operational stability
requirements.

Finally, we construct an experimental platform for the novel FPR-
coupled AFOCS and conduct current measurement and temperature
stability tests. At 25°C ambient temperature, a preset 160A current was
measured as 158A, yielding a -1.25% error. Comparative experiments at

10°C,15°C, 20°C, and 30°C revealed that maximum current measurement

v
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errors across different temperatures did not exceed -2.50%, with system
birefringence showing increased temperature sensitivity as thermal
gradients expanded. Although optical signal loss during transmission
caused deviations between experimental data and theoretical values due
to complex optical paths, experimental conclusions align well with
simulation results, showing excellent measurement linearity. This
effectively validates the improved temperature stability of the novel
AFOCS and the practicality of the proposed method. The research
outcomes provide significant guidance for implementing high-precision
current measurements using AFOCS technology in smart grids.

Zhao Xiaohui (Electronic infomation)

Supervised by Professor Zhu Xuehua

KEY WORDS: all-fiber current sensor, temperature stability, linear

birefringence, Faraday effect, temperature characteristic
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