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Design and experiment of arch-beam combined FBG pressure sensor

SUN L:i*, LI Chuang', ZHANG Chunwei®, ZHANG Man'
(1. School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, China;
2. School of Civil Engineering, Qingdao University of Technology, Qingdao 266033, China)

Abstract: This paper aims to achieve the monitoring of soil pressure. Arch-beam combined FBG pressure sensor is
designed, whose model is analyzed in theory. Reducing the elastic modulus and section size of the beam can
effectively increase the sensitivity of the sensor. The theoretical value is 1.21 X 10° nm/N by the formula of
pressure sensitivity coefficient. When the force changes from ON to 500N, the wavelength shift of FBG sensor
caused by arch and copper coordination deformation appears. The test value of sensitivity coefficient is 1. 40X 10*
nm/N. Static error of the sensor is 2. 3%. which shows that the sensor has clear transfer mechanism and stable

static characteristics, It has a good prospect of engineering application.
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Fig. 1  Structure schematic of the sensor
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Fig. 2 Stress analysis diagram of the sensor
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Tab. 1 Test data

HL K /nm

INEAE/N 5% 1 45 5% 2 k5 5% 3 ik
IEfTHE FUEFE EfR UEFE BT SUEFE
0 1 552. 185 1 552. 185 1 552.185 1 552. 185 1 552. 185 1 552. 185
50 1 552. 256 1 552. 256 1 552. 256 1 552. 256 1 552. 255 1 552.259
100 1 552. 328 1 552. 324 1 552. 330 1 552. 322 1 552. 332 1 552. 328
150 1 552. 397 1 552. 394 1 552. 399 1 552. 391 1 552.403 1 552. 394
200 1 552. 468 1 552. 462 1 552. 470 1 552. 46 1 552. 468 1 552. 462
250 1 552.539 1 552.536 1 552.543 1 552.532 1 552.541 1 552.533
300 1 552. 608 1 552. 605 1 552. 609 1 552. 600 1 552.601 1 552. 596
350 1 552.675 1 552. 681 1 552.677 1 552. 684 1 552.673 1 552. 680
400 1 552. 746 1 552. 743 1 552. 749 1 552. 740 1 552. 742 1 552.736
450 1 552. 814 1 552. 821 1 552. 819 1 552. 821 1 552.823 1 552. 821
500 1 552. 884 1 552. 884 1 552. 887 1 552. 887 1 552. 891 1 552. 891
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Fig. 4 The first experimental calibration curve Fig. 6 The third experimental calibration curve
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Fig. 5 The second experimental calibration curve
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Tab. 2 Estimation of static performance
ma T % & AR B A A/ nm LM E R HEE
N IEAFRE B W17 RO S — fhi 2% ﬁﬁ% Eﬁ&ﬁ?&?& 4T R AR
KB KiE /10" nm /10 *nm /10 *nm # /10 *nm

0 1552.185 1552.185 1552.185 1 552.185 0 0 0 0
50 1552.256 1552.257 1552.256 1 552.255 1 1 0.7 1.7
100 1552.330 1552.325 1552.327 1 552.325 2 —5 2 3.1
150 1552.400 1 552.393 1552.396 1 552.396 0 —7 3.1 1.7
200 1552.469 1552.461 1552.465 1 552.466 —1 —8 1.2 1.2
250 1552.541 1552.534 1552.537 1 552.536 1 —7 2 2.1
300 1552.606 1552.600 1552.603 1 552.606 —3 —6 7 4.5
350 1552.675 1552.682 1552.678 1 552.676 2 7 2 2.1
400 1552.746 1 552.740 1552.743 1 552.747 —4 —6 3.5 4.7
450 1552.819 1552.821 1552.820 1 552.817 3 2 4.5 0
500 1552.887 1552.887 1552.887 1 552.887 0 0 3.5 3.5
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