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ABSTRACT

The purpose of this project was to design a fiber-optic strain gauge and prove its concept.
This paper presents a simple fiber-optic strain gauge design and examines the effect of strain and
temperature, theoretically and experimentally. Fiber-optic strain gauges can simultaneously
measure many parameters including axial strain, transversal strain, and temperature. They can
also be embedded dunng construction for use as a structural integrity check system. Their
reliability and accuracy compared to metal-wire strain gauges is exccllent. Fiber-optic strain
gauges offer many benefits in the aeronautical and aerospace field as well as in civil applications.

INTRODUCTION

Today, NASA, the National Air and Space Administration, demands less expensive, lighter,
and better acronautical and aerospace vehicles. Every new experimental vehicle must be
carefully tested to ensure its safety and reliability for space travel or flight at Mach speeds.
Engineers test parameters including stress, heat, pressure, and airflow. The traditional method of
testing these parameters is done with metal-wire (electrical) strain gauges. However, structural
testing is not just necessary when prototypes are built, but as they age as well. Due to the high
cost of building space vehicles, to replace them is impractical. Instead, space vehicles are
microscopically inspected inch by inch for cracks that will compromise functionality. To not do
so can have disastrous results. Fiber-optic strain gauge technology can also be applied to civii
infrastructures such as bridges, dams, power plants, roads, pipelines, and buildings. They can
also be used in automobiles and medical monitors. Many companies and countries around the
world are researching and developing this technology.

Fiber-optic technology is the technology of the future. Using fiber-optic strain gauges is more
advantageous than metal-wire strain gauges. They offer significant weight reduction, cost
savings, greater versatility, and have multi-parameter test capabilities. In addition, they are more
sensitive to changes and are immune to electro-magnetic interference which results in higher
bandwidth and better signal quality. Since they are compose of silicon dioxide, they are not
subject to corrosion and can be used at much higher temperatures.

Fiber-optic strain gauges offer an efficient way to conduct prototype testing and perform
structural health monttoring. Traditionally in prototype testing, for each test point and
parameter, a metal-wire strain gauges is used. However, the major benefit of using a fiber-optic
strain gauges is that one fiber-optic cable can be used for several test points. It can also measure
many paramelers at once, such as axial strain, transversal strain and temperature (Navarro,
1999). For example, on NASA's F-18 Systems Research Aircraft (SRA), there are many areas of
concern, shown in figure 1. The wings are susceptible to high vibrations. The significant
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amount of electronics for aviation and research induce a high electrical noise area in the fusclage.
Near the jet cngines, there is an arca of high noise and temperature. Overheating 1s a concern.
When cngineers conduct strain tests, one square foot section could have at lcast 12 test points,
each with its own wire (figure 2). However, onc cable can be wrapped around the one square
fool test section and measure all twelve test points (figure 3). This is a significant weight
reduction and cost reduction compared to 12 metal wires. Because fiber-optic cables arc not
subject to corrosion, they can be cmbedded in construction materials for concrete bridges or
space vehicles. As "health monitoring systems,” they can accurately indicate and pinpoint cracks
or fatigue immediately without the system needing to be overhauled.

Currently, fiber-optic technology is being actively tested at NASA-Dryden Flight Research
Center. This project is meant to be a small scale version of the fiber-optic strain gauge rescarch
that they arc doing. This pioneering rescarch is multiple disciplinary, combining electrical
engineering, optics, mechanical engincering, and electronics. With the help of my mentor, Dr.
Jung-Chih Chiao, the fundamental phenomena was studied and the feasibility of an optical
mechanical sensor was demonstrated. To achieve this, a fiber-optic strain gauge was desi gned.
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Figure 1: Concerned areas on the F-18 SRA for
real-time monitoring (SRA website).
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Figure 2: Sample square foot block test Figure 3: Same sample square foot block
section with twelve test points measured by test section with fiber-optic strain gauge
metal-wire strain gauges (Navarro, 1999). (Navarro, 1999).
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