JEWELBLU OPTICAL SYSTEMS

Fiber Optic Sensor for Measuring Elastic
Modulus

Overview

Force-sensitive optical fiber fabric based on hollow elastic tube and. To address the
challenge of achieving a wide force measurement range and high sens.

Key Takeaways

Fiber optic sensors, including FBG and LPG types, can accurately measure the elastic
modulus of materials by detecting strain-induced changes in light transmission or
resonance frequency.Types of Fiber Optic Sensors

Fiber Bragg Gratings (FBG) and Long-Period Gratings (LPG) are the most commonly
used fiber optic sensors for elastic modulus measurements. FBGs have short
periodicities on the order of the optical wavelength, while LPGs have longer
periodicities spanning several hundred wavelengths . Both types create periodic
perturbations in the fiber's refractive index, which modulate light transmission in
response to mechanical strain. Reflective fiber optic sensors and polymer optical
fibers (POF) are also used for dynamic measurements, particularly in vibration-based
testing . These sensors can detect displacement, amplitude, and resonance
frequency changes in materials under stress.

Measurement Principles
* Strain-Induced Wavelength Shift: In FBG and LPG sensors, mechanical strain alters

the grating period, causing a shift in the resonance wavelength or attenuation dips in
the transmitted light spectrum. This shift is proportional to the applied stress
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* Vibration-Based Dynamic Modulus: By embedding an FBG sensor in a fiber and
performing free vibration tests, the natural frequency of the fiber can be measured.
Using the relationship between natural frequency and stiffness, the dynamic Young's
modulus of the material or the fiber itself can be estimated without additional tensile
testing equipment .

» Reflective Sensing for Resonance: Reflective fiber optic sensors can monitor the
amplitude of vibrations on a material's surface. When the material reaches resonance
under an applied excitation, the sensor detects maximum vibration amplitude, which
can be used to calculate the dynamic elastic modulus .

Experimental Setup

LPG Sensors: A CO:2 laser or UV laser is used to etch the grating onto a single-mode
fiber. The transmittance spectrum is monitored while applying strain or bending to
the fiber. The resonance wavelength shift is recorded and correlated with the applied
stress .

FBG Sensors: The fiber is embedded or attached to the test material. A light source
and spectrometer measure the reflected Bragg wavelength. Free vibration or tensile
tests provide data to calculate the elastic modulus .

Reflective Fiber Sensors: A pair of optical fibers or a laser beam is used to detect
scattered or reflected light from the vibrating surface. The amplitude and frequency
of vibrations are analyzed to determine the dynamic modulus .

Advantages
* High sensitivity to strain and curvature.

* Non-contact measurement possible with reflective sensors.
* Can measure both static and dynamic elastic properties.

* Compact and suitable for harsh environments.
Applications
* Determining Young's modulus of metals, polymers, and composites.

* Monitoring dynamic mechanical properties during vibration or resonance tests.
» Structural health monitoring in civil, aerospace, and mechanical engineering.

* Integration with machine learning for advanced material characterization . Fiber
optic sensors provide a versatile and precise method for measuring elastic modulus,
combining optical sensitivity with mechanical analysis, and are increasingly used in
both laboratory and industrial applications.
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The elastic property of optical fiber is indeed an important characteristic param-eter
in the realm of optical fiber-based sensors and

Evaluation of effective elastic modulus of optical fiber by using FBG ...

However, there have been few studies using optical fibers themselves as
measurement sensors. In this study, we propose a free
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In the first part of the research, we configure and optimise the fiber cantilever
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By line tracking method, fiber failure strain and failure load were measured. By
equation (4), Young''s modulus was calculated by
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In the first part of the research, we configure and optimise the fiber cantilever
vibration device to measure the dynamic Young''s
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