
Fiber Optic Sensing Displacement
Measurement System

Article Overview

Fiber optic displacement sensing systems use optical fibers to measure displacement with high precision,

immunity to electromagnetic interference, and suitability for harsh or confined environments.

Overview

Fiber optic displacement sensors (FODS) are non-contact measurement systems that detect changes in

position, motion, or vibration by analyzing variations in light transmitted through optical fibers. They are

widely used in industrial, aerospace, and laboratory applications where conventional sensors are limited by

electromagnetic interference (EMI), space constraints, or fragile targets .

Key Advantages

o High sensitivity and resolution: Modern systems achieve resolutions down to 0.01 uin (2.5 angstroms) and

can detect minute displacements .

o Compact and flexible design: Optical fibers allow deployment in confined or hard-to-reach areas, such as

turbine interiors .

o Immunity to EMI: Optical fibers are unaffected by electromagnetic fields, making them ideal for

high-voltage or high-frequency environments .

o Non-contact measurement: Reduces mechanical interference and wear, suitable for delicate or moving

targets .

o Temperature stability: Advanced designs, such as trigger-free wavelength-swept laser (WSL) systems with

cascaded balloon-like interferometers, minimize temperature cross-sensitivity to as low as 0.25 ms/?C .

Sensor Configurations

o Fiber Bundle Sensors: Use a central transmitting fiber surrounded by concentric receiving fibers.

Pentafurcated bundles improve linear range (up to 10.5 mm) and sensitivity (2 mm?1) while minimizing dead

zones (2.5 mm), .

o Interferometric Sensors: Employ bent single-mode fibers to create interference patterns between core and

cladding modes. These systems can achieve high displacement sensitivity (397.6 pm/um) and low

cross-sensitivity to temperature .

o Modular Probes: Interchangeable fiber optic probes allow dual-channel measurements for simultaneous

displacement or vibration monitoring at two points .

Applications

o Industrial monitoring: Surface deformation, material thickness, radial runout, and lateral motion tracking .
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o Aerospace: Turbine blade displacement, engine efficiency monitoring, and structural health assessment .

o Precision manufacturing: Fuel injector timing, ultrasonic horn vibration analysis, and modal analysis of

mechanical components .

o Medical and research: Micro-displacement measurements in laboratory setups or sensitive instrumentation .

Performance Considerations

o Sensitivity: High-sensitivity systems can detect sub-micrometer displacements. Interferometric designs

enhance sensitivity while maintaining low temperature cross-sensitivity .

o Linear range: Optimized fiber bundle geometries extend the linear measurement range, improving accuracy

over larger displacements .

o Environmental robustness: Fiber optic systems perform reliably in harsh conditions, including high

temperatures, vibrations, and electromagnetic interference . Fiber optic displacement sensing systems combine

precision, flexibility, and robustness, making them essential tools for modern industrial, aerospace, and

research applications where conventional sensors are inadequate.

MTI Instruments provides high-performance fiber optic sensors and probes engineered for applications

requiring large measurement

Abstract We demonstrate a compact fiber-optic quasi-Michelson interferometer (QMI) for micro-displacement

In this article, we propose an optical fiber F-P displacement sensor based on a flexible hinge structure, and

develop a

Distributed Optical Fiber Sensing (DFOS) transforms standard fiber optic cables into powerful sensors

Abstract The recent developed and applications of plastic fiber optic displacement sensors (FODSs) based on

intensity

Fiber optic linear displacement sensor is ideal for real-time monitoring of civil engineering structures,

structural monitoring of aircraft,

This article reviews specifically the advanced fiber optic displacement sensing techniques that have been

developed in the past two

Abstract The paper presents an innovative fiber optic displacement sensor with a wide and linear measurement

range,
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Applications and the measuring technology required for the same range from fiber-optic cables for

With the development of fiber optical technologies, fiber Bragg grating (FBG) sensors are frequently utilized

in

Here we present a novel sensor structure that is used for displacement measurement. The proposed method

relies on

A fiber optic displacement sensor uses reflected light to measure changes in distance or position without

physical contact. It is ideal

A typical system comprises a light source, a transmitting optical fiber, a receiving optical

An optical fiber sensor made of a central emitting fiber and two concentric crowns of receiving fibers is

presented.

Abstract A novel and simple fiber-optic sensor for measuring a large displacement range in civil engineering

has been

Abstract Distributed fibre optic sensing (DFOS) is increasingly used in civil engineering and geotechnical

applications.
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