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Application of optical fiber strain sensing technology in structural

deformation measurement
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Abstract: Structural deformation measurement is a critical component in wind tunnel tests concerning static aero-
elasticity, flutter, and gust load alleviation. In recent years, high—precision optical methods like laser displacement
measurement and Digital Image Correlation (DIC) have been widely used as reference benchmarks in structural de-
formation measurement. However, these optical methods face limitations in complex environments characterized by
flow field interference, field—of-view occlusion, or the need for real-time feedback. To overcome these con-
straints, this paper proposes a real-time structural deformation prediction method based on fiber optic strain data.
The method obtains strain—displacement sample data through static loading tests, and establishes a data—driven
mapping for deformation prediction. Ground tests and gust wind tunnel tests were carried out to verify the prediction
accuracy for both static deformation and transient vibrations. The results demonstrate that the method achieves a
prediction error of 0.01 mm for static deformation, while keeping the transient response error below 0.5% of the re-
sponse amplitude. The proposed method is applicable to both wind tunnel and flight tests, providing an effective
measurement approach for the aeroelastic response analysis of flexible structures, such as high—aspect-ratio wings.
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Fig.2 Schematic diagram of sensor distribution on the

aluminum plate model

P

3 SRR S e Ao A% Ml T A SE 4

Fig. 3 Static loading test of aluminum plate model
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Fig.4 Strain—displacement linearity at various loading points
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Table 1 Prediction models based on
varying strain distributions
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Table 3 Comparison between predicted and
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Table 5 Comparison of predicted and measured
displacement under sinusoidal vibrations

TR IR /mm BB TR ZE/mm
2Hz 0.08 0.01
4Hz 0.08 0.01
6Hz 0.09 0.01
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