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Abstract

installation, and low cost are the advantages of this fiber optic sensor. This sensor does not exhibit charged characteristics,

This study investigates a roof separation sensor based on fiber Bragg grating. Simple structure, easy

and it is suitable for coal mine applications. The sensor consists of mechanical structures and shifts the displacement of a
wire rope through the rotation of multiple mechanical structures. Thus, it is convenient to use the wire rope to connect to
the roof separation and vary the range and sensitivity. The sensor has three fiber gratings, which not only satisfies the
requirements for monitoring multiple points but also provides a method for eliminating the temperature effects. The
experimental results verify the reliable linearity of the sensor at multiple temperatures, and the accuracy can reach =2 mm
with a range of up to 300 mm.
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Fig. 1 Simplified diagram of the internal objects for roof separation sensor
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Fig. 2 Interior physical drawings for roof separation sensor
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Fig. 3 Schematic diagram of the experimental setup
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Fig. 4 Temperature and wavelength diagram
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Fig. 5 Wavelength and standard displacement diagram
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Table 1 Error analysis at 40 °C

Standard /mm Temperature FBG /nm Strain FBG /nm Demodulation /mm Error /mm
0. 00 1567.022 1549. 477 0. 000 0. 000
30. 00 1567.021 1549. 578 30.476 0.476
60. 00 1567.022 1549. 678 59.299 —0.701
90. 00 1567.022 1549. 781 89. 686 —0.314
120. 00 1567.022 1549. 883 119.778 —0.222
150. 00 1567.021 1549. 985 150. 549 0.549
180. 00 1567.022 1550. 087 179. 962 —0.038
210.00 1567.022 1550. 189 210. 054 0.054
240.00 1567.022 1550. 291 240. 146 0.146
270.00 1567.022 1550. 393 270. 238 0.238
300. 00 1567.022 1550. 495 300. 330 0.330
F2 FE2TCTIRZENN
Table 2 Error analysis at 27 °C
Standard /mm Temperature FBG /nm Strain FBG /nm Demodulation /mm Error /mm

0. 00 1566. 890 1549. 333 0. 000 0. 000
30. 00 1566. 890 1549. 440 31. 567 1. 567
60. 00 1566. 891 1549. 540 60. 382 0.382
90. 00 1566. 891 1549. 637 88.999 —1.001
120. 00 1566. 891 1549. 745 125. 876 0.876
150. 00 1566. 891 1549. 847 155. 968 0. 968
180. 00 1566. 891 1549. 949 181. 045 1. 045
210.00 1566. 891 1550. 051 211.137 1.137
240.00 1566. 891 1550. 153 241.229 1.229
270.00 1566. 891 1550. 255 271.321 1. 321
300. 00 1566. 889 1550. 342 298. 363 —1.637
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3 O CTFRESH
Table 3 Error analysis at 0 °C

Standard /mm Temperature FBG /nm Strain FBG /nm Demodulation /mm Error /mm
0.00 1566. 616 1548. 949 0. 000 0. 000
30.00 1566.616 1549. 049 29.502 0.498
60. 00 1566. 615 1549. 146 58. 797 1.203
90. 00 1566.616 1549. 252 89.391 0.609
120. 00 1566. 616 1549. 353 119. 188 0.812
150. 00 1566.616 1549. 458 150. 165 —0.165
180. 00 1566.616 1549. 558 179. 667 0.333
210. 00 1566.616 1549. 660 209. 759 0.241
240. 00 1566.616 1549. 761 239. 556 0.444
270. 00 1566.616 1549. 868 271.123 —1.123
300. 00 1566.616 1549. 969 300. 920 —0.920
[J]. Coal Technology, 2022, 41(7): 179-181.
4 4’ [5) 00, DR, I, % 9T LLE 0 A
, , . S z e A R
B h T KN B2 A B 3 2 S o IR IR R
gﬁﬁE%ﬁﬁﬁEm T’f‘%@%ﬁﬁ"]ﬁfﬁ?‘@o ﬁiﬁ%mjﬁﬁ EF‘ ’ Sun ,L, ;un X X,. Li C, et al. High-precision and
)RR B SR AR R AR T LR ) L RORS pressure rod type displacement sensor based on fiber
BB IR %5 AT il ) MR R R R T R . R T AT R Bragg grating[J]. Journal of Shenyang Jianzhu University
2 R G AT 30 A R B 2 3 g 3l 1ok W 22 3 K B A TR B AT (Natural Science), 2021, 37(5): 779-786.
VR FL 2S5, T3 ok 34 4 1 R 2 B L 1 [6] B2, REH, WER, H. BT FECHAREAR
T A T i P 2 5 0 R R B AT s LRy 2 ?7;3817‘%2@ Btk ot U] WMok 5 40 hh, 2022, 52(6):
By 1A A S AL (R e S 5 i 20, 0 AT Peng X L, ChaY P, YeJ X, etal. Cantilever beam type
WO R HE T M o SE g A5 R R WY AL B AR i R T GA micro-force and micro- displacement sensing unit based
300 mm K EAE L2 mmZ N . W T FBG X JJ on fiber Bragg grating[J]. Laser & Infrared, 2022, 52(6):
R, B — P IR A N AR MR 22 A h SRR B R TR ROR 870-874.
JE 3 ] BE B AN [R] 35 HB 2 5 A AR 22 48 B AL S 5 (7] X855, HHE, RIEA . — Rl R 27 25 il 353 R R 2
75 A 5 % K 2 I B 4k 1 2 B B S R R M@%@%ﬁﬁﬂ:ﬁt[ﬂ A, 2020, 40(12): 120600?.
- . Zheng Y, Xiao W, Zhu Z W. Research on an optical
i 2 AR E fiber linear displacement sensor based on bending loss for
% %2 X B use over large range[J]. Acta Optica Sinica, 2020, 40
(12): 1206002.
(1] BELr-E . I 45 38 S 5 i BT b Rk 1Y R B e 22 (0], 4% [8] AU rifg, AEA, VLali, 5 . T E DG L 1% b R K it
BFFEHEAR 2021, 49(4): 1-11. I 62244, 2022, 42(1): 0100001,
Kang H P. Development and prospects of support and Yuan L B, Tong W I, Jiang S, et al. Road map of fiber
reinforcement materials for coal mine roadways[J]. Coal optic sensor technology in China[J]. Acta Optica Sinica,
Science and Technology, 2021, 49(4): 1-11. 2022, 42(1): 0100001.
(2] BRLLE:, sk, dak . R E M TN 5 4 4R R By [9] REWEAHE, PRMETV, REH, . CREOLES M g%
FEEART] B 42 4, 2020, 51(10): 24-33, 38. 1 A Sl £F A R A e A L. b B Ok, 2022, 49(1):
Kang H P, Zhang Z, Huang Z Z. Characteristics of roof 0101014.
disasters and controlling techniques of coal mine in China Xiong X W, Chen S P, Zhu H T, et al. High reflectivity
[J]. Safety in Coal Mines, 2020, 51(10): 24-33, 38. mid-infrared fiber Bragg grating by femtosecond laser
[3] W, AR, BT 3o BT ITF R AR ok & direct inscription method[J]. Chinese Journal of Lasers,
Biiia [T BB EHOR, 2016, 44(1): 39-46. 2022, 49(1): 0101014,
Lan H, Chen D K, Mao D B. Current status of deep [10] T RHn . 02 M - K G LR el 2 2 8045 1B I 2R G T
mining and disaster prevention in China[J]. Coal Science ST, MR T, 2022, 54(8): 115-121.
and Technology, 2016, 44(1): 39-46. Ning D Y. Monitoring system of coal floor water inrush
[4] R 4E, GEM, DAREE . 3 THOEMME BEs i e 18 based on fiber grating multi-parameter sensor[J]. Coal
FEAT 32 03 W AR [T]. BERF A, 2022, 41(7): 179-181. Engineering, 2022, 54(8): 115-121.
LuJ W, Ma X S, Ma L F. Monitoring technology of [11] FEilgF, BRoe, Mok, 55 . BOGLF Bragg el F FBG

bolt’ s sress of coal mine roadway based on raster sensor

1106033-5

Y A% SR 0 R T R B2 (D0, Ot 5 2r Ak, 2003, 33(3):



£ 6055 11H/2023F 6 B/BASXBEFZHE

[13]

218-220.

Wang H P, Chen R, Lin B,
compensation of FBG sensors with double fiber Bragg
gratings[J]. Laser &. Infrared, 2003, 33(3): 218-220.
ks, AR, 55, 4 OLLE Bragg SoMbR AN
Be[J]. MR A2 M (B2 R, 2002, 40(3): 294-295.
Zhang L, Zhuo Z C, Wei Z X, et al. Temperature-
compensating package for fiber Bragg grating[J]. Journal
of Jilin University (Science Edition), 2002, 40(3): 294-
295.

At ST, SRR A RFREN B ST IR T R B A

et al. Temperature

[14]

1106033-6

Pk fE 5 M 5 LA [T]. 8 T3 2~ 4, 2020, 37(6): 2617-
2624, 2709.

Li B, SuM, Fei G S, et al. Performance analysis and
optimization of connecting thread structure of screw
drilling tool shell[J]. Chinese Journal of Applied
Mechanics, 2020, 37(6): 2617-2624, 2709.

BRI . B AT MR BUEE R L - TS ) B A G R g B
FELI]. M BARAE , 2020(1): 108-110.

Li Y Q. Experimental study on relationship between bolt
thread structure and torque-preload force[J]. Coal Mine
Modernization, 2020(1): 108-110.



	1　引言
	2　FBG传感器设计
	2.1　FBG的传感原理
	2.2　FBG顶板离层传感器设计
	2.3　温度补偿方法
	2.4　FBG顶板离层传感器线性度分析

	3　实验验证
	3.1　标定实验方法
	3.2　测试过程与数据分析

	4　结论

