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ABSTRACT

In this study, structural deformation estimation using displacement—strain .relationship is
investigated. When displacements of a structure cannot be measured directly, estimation of
displacements using strain data can be an alternative solution. Additionally,’ the deformation of the

whole structure as well as the displacement at the point of interest can be estimated. Strain

signals are obtained from Fiber Bragg Grating(FBG) sensors that have an excellent rhultiplexing
ability. Some experiments were performed on two beams and a plate to which FBG sensors were

attached in the laboratory. Strain signals from FBG sensors alorig a single strand of optical fiber
were obtained through wavelength division multiplexing(WDM) method. The beams and f[he plate

structures were subjected to various loading conditions, and deformed shapes were reconstructed

from the displacement—strain transformation relationship. The results show good agreements with
those measjlred directly from laser sensors. Moreover, the whole structural shapes of the beams
and the plate were estimated using only some strain sensors.
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Table 1 Properties of the beam structures
Cantilever beam structure

Aluminum beam Acryl beam
Length(L): 0.3 (m) 0.8 (m)
Width(b): 0.025 (m) 0.04 (m)
Thickness(4): 0.00049 (m) 0.01 (m)
mozzl‘il"sg(';): | 71x10° (Pa) | 3.9x10° (Pa)
Density (p): 2710 (kg/m°) 1160 (kg/m®)

Table 2 Natural frequencies of the beam model

Natural frequency (Hz)
Nfl(fe Aluminum beam Acryl beam
Exp. Analysis Exp. Analysis
1 4.50 4.47 " 4.43 4.63
2 28.02 28.04 29.59 29.00
3 78.71 78.51 84.24 81.21
4 154.4 153.9 168.4 159.1
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Fig. 3 Schematic of the beam test setup
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Table 3 Properties of the acryl plate

Length(L): 0.6 (m)
Width(p): 0.9 (m)
Thickness(h): 0.00835 (m)

Young's modulus(E ): 3.9x10' (Pa)

Density (p): 1160 (kg/m®)
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Table 4 Natural frequencies of the acryl plat

Mode. Natural frequency (Hz)
no. Exp. Analysis
1 7.14 7.13
2 12.84 13.03
3 31.09 29.41
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(b) 2nd natural frequency excitation

Fig. 12 Displacement measurement results
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