
The Application of a Transformer Fiber
Optic Sensor

Article Overview

Fiber optic sensors provide precise, real-time monitoring of transformer winding temperatures, enabling early

detection of hotspots and improving transformer safety and performance.

Purpose and Advantages

Fiber optic sensors are primarily used to measure the hot spot temperature of transformer windings, which is

critical because winding temperatures are not uniform and hotspots can limit transformer loading capacity .

Unlike conventional sensors that measure surface or top-oil temperatures, fiber optic sensors provide direct,

real-time readings from inside the windings, allowing utilities to detect potential failures before they occur .

Key advantages include:

o Immunity to electromagnetic interference (EMI), making them reliable in high-voltage environments 

o Non-conductive and safe, reducing electrical hazards 

o High accuracy and stability over time, eliminating frequent recalibration 

o Ability to monitor multiple points along a single fiber, creating detailed temperature maps 

o Reduced maintenance requirements and improved transformer lifespan 

Operating Principles

Fiber optic sensors operate using two main technologies:

o GaAs-based probes: Measure temperature by analyzing shifts in the absorption spectrum of Gallium

Arsenide. White light interacts with the crystal, and the reflected light varies with temperature, which is then

electronically analyzed .

o Phosphorescent (FluorOptic(R)) probes: Use a temperature-sensitive phosphor that fluoresces when exposed

to light. The decay time of the fluorescence is temperature-dependent, allowing precise temperature

measurement without electrical signals . Both methods provide direct, real-time temperature readings from the

winding hotspots, which is critical for predictive maintenance and load optimization.

Installation and Integration

Fiber optic sensors are typically embedded during transformer manufacturing for maximum reliability,

positioned close to identified hotspots within the windings . The fibers are routed through tank wall

penetrators to connect internal probes with external monitoring systems. Careful handling is required to avoid

sharp bends that could damage the fiber, and modern designs include simplified through-wall connections for

durability . Once installed, the sensors integrate with transformer monitoring systems and enterprise asset

management software, providing continuous temperature data for real-time analytics, predictive maintenance,
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and load management .

Applications

o Hotspot detection to prevent insulation damage and catastrophic failures 

o Condition-based monitoring for optimizing transformer performance and extending service life 

o Real-time alerts for emergency overloading or abnormal temperature rises 

o Detailed thermal mapping of transformer windings for operational insights Fiber optic sensors have become

a trusted solution for utilities worldwide, offering a "glass wall" view into transformer health that traditional

sensors cannot provide . Their adoption enhances safety, reliability, and efficiency in modern power grids.

Fiber optic sensors provide the only true method of directly measuring a winding hot spot temperature,

Introduction to Fiber Optic Sensors and their Types with Applications In the year 1960, laser light was

Optical fiber-based sensors for monitoring transformer oil conditions have been designed to address such

issues. This

The advantages and disadvantages of different monitoring methods are carefully discussed and assessed.

Finally, the

Immunity to electromagnetic interference, high sensitivity, high insulation as well as small dimensions of

optical

Abstract In this paper, a fiber optic acoustic sensor system is designed and tested for on-line detection of the

partial

Brief theory of sensing principle, fabrication method, applications, advantages and disadvantages of the

different

This study presents a review of the application of optical sensors to transformer condition monitoring.

Optical-sensor

Examples of monitoring and diagnostic methods for evaluating the condition of an oil-filled power

transformer .

This paper introduces a silicon-grooved diaphragm-based fiber-optic Fabry-Perot (F-P) ultrasonic sensor that

was
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The fiber optic sensor working principle is that transducer changes some optical fiber system parameters like

Application of Fiber Optic Sensors for Transformer Testing PD Localization During FAT Dr.Ir. S.J. Voeten 9

April 2025

This article provides an in-depth exploration of the application of fiber optic temperature sensors in

transformer

The high-voltage environment, which makes conventional sensors impractical, alongside

Therefore, the integration of optical fiber sensors in WSNs introduces benefits and new capabilities for the

design of advanced hybrid

Abstract--A fiber-optic transformer winding temperature sensor based on High Birefringence Fiber Loop

Mirror (Hi-Bi FLM) for online
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