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Research on structural deformation estimation based on distributed

optical fiber sensing technology
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Abstract ; Cantilever plates are common structures, which have been widely utilized in engineering practice, including aerospace, rail
transportation, civil engineering and other fields. The deformation estimation is always one of the important research contents. This paper
aims to solve the problem of bending of rectangular elastic cantilever plates and proposes a method to solve it by establishing the
relationship between strain and deformation. The finite difference expression of structural transverse deformation is achieved under the
framework of linearly elastic small deflection theory. The distributed optical fiber sensor with the ability of high-density strain measuring
is used to obtain the strain input required for the expression, and a method of error correction for deformation measurement is proposed.
The technical feasibility and measurement accuracy of structural deformation estimation based on distributed optical fiber sensing
technology are evaluated. Some dial indicators are used in the metal cantilever bending tests. Experimental results show that the
maximum deviation between results from the estimation and the dial indicators is 2. 0 mm, which accounts 9. 22% of the indication from
dial indicators. The distributed optical fiber sensing technology is competent to perform deformation estimation, which has the potential
application prospect.
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Fig. 5 Comparison of strain between distributed

optical fiber sensor and strain gauges
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Table 2 Error analysis of strain measurement

s XTI e HINFRE/%

R 250g 500g 750g 1000g 250 g 500g 750 g 1000 g

1 12.08 40.32 70.74 101.08 15.30 16.73 17.60 18.02

2 6.56 23.35 38.12 49.89 8.63 10.42 10.30 9.73
3 5.5515.70 26.8 35.98 7.41 7.48 7.76 7.50
4 4.92 10.24 17.21 24.54 6.56 5.07 5.22 5.35
5 5.63 16.36 22.75 26.21 7.31 8.06 6.98 5.88
6 6.64 10.81 13.34 15.86 8.51 5.60 4.34 3.77
7 4.01 12.18 17.07 19.61 5.28 6.48 5.73 4.84
8 7.31 14.84 19.81 25.41 9.37 8.11 6.88  6.47
9 4.63 8.90 14.56 17.54 6.10 5.17 5.39 4.79
10 9.57 14.49 20.12 24.11 12.12 8.63 7.77 6.91
11 6.01 13.57 20.87 27.15 8.46 876 870 8.38
12 8.48 18.06 24.35 31.27 12.28 12.2 10.82 10.35
13 3.69 6.05 9.46 12.83 6.05 4.69 4.78 4.81
14 3.50 4.61 4.45 1.58 6.14 3.91 2.49 0.67
15 7.31 14.17 20.03 23.88 12.83 12.01 11.26 10.12
16 5.04 9.26 13.48 14.00 10.29 9.17 8.81 7.00
17 3.43 7.29 9.80 11.30 8.37 858 7.72 6.73
18 4.86 8.10 12.35 14.93 12.79 10.80 10.93  9.95
19 3.26 4.55 4.51 4.50 8.8 6.15 4.14 3.12
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Table 3 Measurement data of the dialgauge

[EE: ¥ 5= 1 2 3 4 5
250g  -0.02 -0.03 -0.81 =-2.37 -3.73
WM 500g  -0.06 -0.95 -2.75 -6.48 -9.78
/mm 750 ¢ -0.11 ~-1.54 -4.68 -10.49 -15.73
1000g -0.15 =-2.12 -6.59 =-14.5 -21.66
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Table 4 Measurement data of the distributed

optical fiber sensor

5H 53RN RS 1 2 3 4 5
250g  0.00 -0.19 -0.84 -1.98 -3.24

WM 500g  0.00 -0.54 -2.32 -521 -8.30

/mm 750 g -0.01 -0.90 -3.81 -8.46 -13.39
1000g -0.01 ~-1.24 =526 ~-11.67 -18.42
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Table 5 Deviation between measurement data of

the dialgauge and the calculated data of optical fiber

BRI E 1 2 3 4 5
250g  -0.02 0.15 0.03 -0.39 -0.49

fizz  500g  -0.06 ~-0.41 -0.43 -1.27 ~-1.48

/mm 750 ¢ -0.10 -0.64 -0.87 -2.03 -2.34
1000g -0.14 -0.88 ~-1.33 -2.83 -3.24
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Fig. 8 Comparison of modified strain between

optical fiber sensor and strain gauges
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Table 6 Error analysis of the modified strain measurement

AR Y X IRE/ e AHXTIRZE/ Y%

H 250 500g 750 g 1000g 250 g 500g 750 ¢ 1000g

1 -7.60-26.88 -48.54 -70.26 -9.62 -11.15 -12.08 -12.52
2 -1.91 -9.90-15.88 -18.86 -2.51 -4.42 -4.29 -3.68
3 -0.90 -2.68 -5.48 -6.23 -1.20 -1.28 -1.58 -1.30
4 -0.22 2.60 3.74 4.57 -0.29 .29 1.13 0.9
5 -0.8 -3.8 -2.44 1.92 -1.10 -1.90 -0.75 0.43
6 -1.86 1.39 6.34 11.29 -2.38 0.72 2.06 2.68
7 0.81 -0.40 1.75 6.21 1.07 -0.21 0.59 1.53
8 -2.57 -3.57 -1.84 -0.78 -3.30 -1.95 -0.64 -0.20
9 0.15 203 255 580 0.20 1.18  0.94 1.59
10 0.08 -4.21 -4.12 -2.34 0.10 -2.50 -1.59 -0.67
11 -1.65 -4.10 -6.19 -7.26 -2.33 -2.64 -2.58 -2.24
12 -2.40 -2.67 -9.52 -11.07 -3.59 -1.88 -4.23 -3.67
13 015 219 3.17 420 0.25 .70  1.60 1.57
14 0.08 299 7.25 10.08 0.15 2.53  4.05 4.27
15 0.02 0.79 3.5 834 0.03 0.72 215 3.82
16 -2.10 -3.12 -4.13 -1.53 -4.28 -3.08 -2.70 -0.77
17 -0.92 -2.08 -1.95 -0.80 -2.23 -2.45 -1.54 -0.48
18 -1.29 -1.59 -2.23 -1.83 -3.39 -2.13 -1.97 -1.22

19 -1.00 0.10 249 4.85 -2.69 0.14 229 3.37
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Fig.9 Comparison of modified deformation between the

calculated data and measurement data of the dialgauge
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Table 7 Measurement data of the distributed

optical fiber sensor

5H 5y 3% NS 1 2 3 4 5
250g  0.00 -0.20 -0.89 -2.11  -3.46

WEE 500g  -0.01 -0.58 -2.48 -5.56 -8.86

/mm 750 g -0.01 -0.96 -4.06 -9.03 -14.28

1000g -0.01 -1.33 -5.62 -12.45 -19.66
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Table 8 Deviation between measurement data

and calculated data of optical fiber

BRI E 1 2 3 4 5
250g  -0.02 0.17 0.08 -0.26 -0.27
iz S00g  -0.05 -0.37 -0.27 -0.92 -0.92
/mm 750 ¢ -0.10 -0.58 -0.62 ~-1.46 -1.45
1000g -0.14 =-0.79 =-0.97 =-2.05 =2.00
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