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Abstract: In view of the increasing demand for strong force value monitoring in landslide, a 5 MN
force sensor based on Fiber Bragg Grating(FBG) was proposed. The sensor adopted 8 FBGs to com-
pose 4 group of grating pair for cylindrical elastic strain collection. The grating pair can effectively
compensate the effect of temperature on the size of FBG. The dimension of the cylindrical elastomer
was determined and optimized via ANSYS numerical simulation. Then the force sensor was tested ac-
cording to the national regulations. The experimental results show that the sensor with diameter of
124 mm and length of 302 mm, can provide a measurement range of 500—5000 kN and an overall ac-
curacy of 1%. In addition, the wavelength variation corresponding to the maximum force value is
2 567 pm and the sensitivity is 2 kN/pm. The sensor is characterized by simple structure, large meas-

uring range and high precision besides basic characteristics of the grating sensing. The sensor can be
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applied to force monitoring not only in landslide, but also in construction, chemical industry, coal

mine, military and other fields.

Key words: fiber optics; force sensor; fiber Bragg grating(FBG) ; elastomer; health monitoring
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Fig. 1 The simplification model of landslide
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Tab. 2 Strain inhomogeneity in numerical simulation Y%
L/mm
D/mm
30 70 113 145 180 220 263 302
124 25.06 13.62 8.03 5.951 1.75 0. 38 0.09 0. 05
116 45. 31 13.52 10. 19 5.52 2.04 0. 45 0.08 —
106 50. 13 14. 58 9.23 5.77 0.74 0. 37 - -
96 33.33 13. 87 8. 44 3.13 0. 44 — — —
86 42.11 9.74 4. 25 1.13 - - - -
76 28. 46 14.78 6.21 - - - - -
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Tab. 3 Calibration data of FBG force sensor (nm)
Fn HE . B . . . . .
. PR 1 B R 1 RN 2 FIERME 2 SRR 3 FIEURME 3 SERTIHME R EE
B/ kN
0 0 0. 004 0 0.003 0 0.003 0 —
500 0. 288 0. 290 0. 288 0. 289 0. 290 0.291 0. 288 0.290
1000 0.543 0. 547 0.543 0. 548 0. 544 0. 549 0.543 0. 545
1500 0.792 0.798 0.795 0. 801 0.799 0. 806 0.795 0. 802
2000 1. 049 1. 057 1.053 1. 059 1. 054 1. 063 1.052 1. 060
2500 1. 294 1. 303 1. 300 1. 310 1.303 1.313 1. 298 1. 309
3000 1.532 1. 544 1.536 1. 541 1.539 1. 552 1.536 1. 546
3500 1. 781 1. 795 1. 784 1. 801 1. 785 1. 801 1. 783 1. 799
4000 2.035 2.053 2.044 2.053 2.048 2.057 2.041 2.054
4500 2. 308 2.329 2. 317 2.327 2.325 2.336 2.316 2.331
5000 2.561 - 2.566 - 2.575 - 2.567 0. 350
%* 4 FBGC N{EREFHNIREHIE
Tab. 4 Error data of FBG force sensor
FRUEI ) ERREY) RIERTY dRlE AMBEe ZwWilEe s BIERE ER M
PMIR{E/kN  7RfH/nm  7R{/nm {H/nm w2/ % {H /nm w2/ % /% w2/ %
0 0 0.003 0 0 0 0 — 0
500 0. 288 0. 290 0. 287 0. 35 0. 287 0.35 0. 69 0.69
1000 0.543 0. 545 0.539 0.74 0.539 0.74 0. 37 0. 37
1500 0.795 0. 802 0.792 0.38 0.791 0.51 0. 88 0. 88
2000 1.052 1. 060 1. 044 0.77 1.043 0. 86 0.76 0.47
2500 1.298 1. 309 1. 297 0. 07 1. 295 0.23 0. 85 0.61
3000 1.536 1. 546 1. 549 —0. 84 1. 546 —0. 64 0. 65 0. 38
3500 1. 783 1. 799 1. 801 —0.99 1. 797 —0.78 0. 89 0. 45
4000 2.041 2. 054 2.054 —0.63 2.048 —0. 34 0. 64 0.63
4500 2.316 2.331 2.307 0. 39 2.301 0.65 0. 65 0.74
5000 2.567 0. 35 2.559 0.31 2.549 0.71 — 0.55
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Tab.5 Contrast of grating force sensors

FBG J1{H W 3 WK LRz
& IR 2% /kN A /pm /%
ik 8(2010) 5~50 2 496 1.2
SCHk 9(2012) 6.5~76.4 1 090 2.7
SCHk 10(2015) 300~3600 RAH 3.4
AL 500~5000 2 567 1.0
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