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High Temperature Resistance of Aviation
Electronic Fiber Optic Spectrometer

Overview

In particular, fiber optic sensors, with their small footprint and electromagnetic
immunity, represent a great opportunity in aerospace.

Key Takeaways

Aviation fiber optic spectrometers can reliably operate at temperatures up to 600°C
with specialized high-temperature fibers and sensor packaging, while ultra-high
temperature systems may tolerate up to 1000°C.Fiber Materials and Temperature
Limits

The high-temperature resistance of fiber optic spectrometers in aviation primarily
depends on the fiber material. Standard silica fibers are commonly used but typically
withstand temperatures up to 600°C. For extreme aerospace environments, crystal
fibers or fibers integrated with ultra-high temperature ceramic (UHTC) materials are
employed, allowing operation in environments exceeding 1000°C . The choice of fiber
material directly affects the maximum operational temperature, sensitivity, and long-
term stability of the spectrometer.

Sensor Types and Principles
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High-temperature fiber optic spectrometers often use Fiber Bragg Grating (FBG)
sensors, which reflect specific wavelengths of light that shift with temperature
changes. Other types include interferometric sensors, fluorescence-based sensors,
and distributed temperature sensors (DTS). These sensors are compact, immune to
electromagnetic interference, and capable of multiplexing, making them suitable for
aerospace applications where space and weight are critical .

Packaging and Structural Considerations

To enhance thermal resistance, FBG sensors are often tube-packaged, embedded, or
surface-attached with specialized bonding techniques. Proper packaging ensures
mechanical stability, protects the fiber from thermal expansion, and maintains
measurement accuracy under high thermal loads . Multi-sensor interrogation systems
using tunable lasers and optical switches allow simultaneous monitoring of
temperature, strain, and pressure, which is essential for structural health monitoring
(SHM) in aircraft .

Performance and Testing

Experimental studies have demonstrated that high-temperature FBG sensors
maintain good sensitivity, resolution, repeatability, and dynamic range up to 600°C.
For ultra-high temperature applications, such as monitoring UHTC components in
aerospace structures, fiber optic systems are designed to withstand thermal loads up
to 1000°C, although standard fibers cannot tolerate such extremes . The electro-
optical interrogation systems are flexible, allowing adaptation for mechanical stress
analysis alongside temperature monitoring.

Summary

In aviation applications, the high-temperature resistance of fiber optic spectrometers
is determined by fiber material, sensor type, and packaging. Standard high-
temperature FBG sensors operate reliably up to 600°C, while advanced systems
using UHTC materials can tolerate temperatures approaching 1000°C. These systems
provide precise, multiplexed, and EMI-immune measurements, making them ideal for
structural health monitoring and extreme aerospace environments .
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