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Fig.2 The static operating point of the
SUI ultrasonic sensor
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Fig.3 SUI frequency response characteristics for
different delay fibre lengths
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Fig.4 SUI frequency response characteristics for
different sensing fibre lengths
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Fig.5 Experimental set-up
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Fig.6 The response of the SUI to ultrasonic wave at different frequencies
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Fig.10 Detection results of PD acoustic emission signals
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Sagnac unbalanced interferometric ultrasound sensing for localised
acoustic emission detection

XIE Tianxi', LU Yuncai®, SHI Qi’, ZHANG Yutong’

(1. State Grid Jiangsu Electric Power Co., Ltd., Nanjing 210024, China; 2. State Grid Jiangsu Electric Power Co., Ltd. Research
Institute, Nanjing 211103, China; 3. School of Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)
Abstract: The detection and capture of partial discharge (PD) signals are crucial for sensing and assessing the insulation state
of power equipment, as well as for fault warning and diagnosis. An ultrasonic sensing technology based on Sagnac unbalanced
interference (SUI) is proposed to effectively detect and capture PD acoustic emission signals from power equipment. The
structure of the SUI optical path and the process of optical path interference are analyzed. It clarifies the mechanism by which
the SUI perceives external ultrasound and establishes the sensing equations for acoustic waves. In order to meet the demand for
detecting weak ultrasound signals in power equipment, the research also analyzes the influence of SUI optical path structure
parameters on ultrasonic sensing characteristics and proposes optimal structural design parameters for the sensor. Experimental
test results demonstrate that the proposed SUI system can detect ultrasound in the frequency range of 30 kHz to 150 kHz,
exhibiting wide frequency coverage and high sensitivity. Moreover, it successfully captures the acoustic emission signals of
needle plate electrode discharge. The proposed SUI shows the advantages of low cost, simple and stable structure, which paves

the way for the optical detection of partial discharges in power equipment.

Keywords: acoustic sensing; partial discharge; fibre optic sensing; fibre optic interference; ultrasound detection; acoustic emission
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