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Fatigue Damage Detection and Vibration Sensing Using
Intensity-Based Optical Fiber Sensors

Y. C. Yang*, H. C. Jeon**, and K. S. Han***

ABSTRACT

Fatigue damage detection and vibration sensing for a laminated composites and impact location
detection for a steel beam have been carried out using optical fiber sensor. Intensity based optical fiber
sensor is constructed by placing two cleaved fiber end in a hollow glass tube, and multiple reflection
within the cavity is considered. Fatigue signals are measured by embedded optical fiber, surface mounted
optical fiber sensor and strain gage simultaneously. For vibration sensing, optical fiber sensor is mounted
on the carbon fiber composite beam and its response to free vibration and forced vibration is investigated.
In impact location detection, two optical fiber sensors are used and the information obtained from two
sensors is arrival time delay of vibration caused by impact. Impact location can be calculated from this
time delay. The obtained results show that the intensity based optical fiber sensor provide reliable data
during long-term fatigue loading, unlike strain gage which deteriorate during the early part of the fatigue
test. Optical fiber sensor signals coincide with gap sensor in vibration sensing. The precise locations of
impact can be detected within 4.1% error limit.
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Fig. 1. Schematic iflustration of intensity-based optical fiber
sensor
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Fig. 2. Schematic illustration showing the principle of
measurement of intensity-based optical fiber sensor
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Fig. 4. Schematic diagram of experimental set-up for fatigue test
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Fig. 5. Voltage output of embedded optical fiber during fatigue test
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Fig. 6. Voltage output of surface mounted optical fiber sensor
during fatigue test
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Fig. 7. Cyclic strain measured by strain gage during fatigue test
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Table 1. Measurement of impact location

Impact location(cm) | Detected location(cm)| Error(%)
(from sensor 2) (from sensor2)
2 1.4 2.7
4 4.1 0.5
7 6.9 0.5
10 9.6 1.8
14 13.8 0.9
15 15.1 0.5
20 19.2 4.1

Fig. 13. Configuration of composite beam specimen for vibration test
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