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On-line slippage measurement system for optical fiber sensing array
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Abstract: Aiming at the real-time monitoring of position and velocity in smart flexible sliding sensor, a fiber
optic sensing module for real-time monitoring of target displacement and velocity was designed. First, the
temperature compensation module was used to solve the temperature cross-sensitivity problem; then, based on the
analysis of the stress distribution simulation results of the sensing unit, the "meter" type FBG network structure
was proposed; finally, the standard pressure gauge and the ball were used to complete the test of the position
direction and the speed state, and a target state solution model suitable for this structure was proposed. The
simulation results show that the average deformation of the target trajectory is about 0.32 um, and the attenuation
distance width is about 3.0 mm. The experiment carried out a sliding test on a 0.255 kg steel ball. The FBG stress

sensitivity was better than 0.020 6 nm/N. The FBG center wavelength offset can accurately determine the location
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of the object and the direction of the object's movement. The sensor module can monitor the movement state of

the object in real time, and intelligently adjust the force and posture of the object. The results show that the plane

positioning accuracy, motion angle and speed conversion of the sliding sensor system meet the design

requirements, and according to the model function relationship, it can be known that the control of accurancy of

the position, angle and speed can be achieved when adjusting the total amount of FBG in the sensor network. In

summary, the system has the capability of real-time monitoring of the target position and movement status in the

detection area, and is suitable for technical fields such as flexible intelligent assembly and intelligent bionic skin.

Key words: fiber Bragg grating sensor;

simulation analysis
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Fig.1 (a) Overall structure of the system; (b) Direction and speed of the

object's movement
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Fig.2 (a) Slide object trajectory; (b) Strain field distribution of silica gel
block
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Tab.1 Different resolution values of different FBG in different regions
k/nm
Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7 Area 8 Area 9
FBG1 0.06 0.48 1.92 0.36 0.44 0.29 0.45 1.93 1.07
FBG2 0 0.01 0.54 0.32 0.09 0.76 0.29 0.84 0.45
FBG3 0 0.26 -0.37 0 0 0 0 0 0
FBG4 0.26 0.35 -0.97 —0.46 0.02 0 0 0 1.95
FBGS 0 0 -0.36 0 0.07 —0.46 0 0 0.39
FBG6 0 —-0.17 —-0.23 0 0 0 0 0 0
FBG7 0 —0.48 —-0.20 9 10 0.74 —-0.02 —-0.04 0
FBG8 0.36 1.96 0.01 -0.19 —-0.04 0 0 —-0.07 0.04
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small ball sports
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Tab.2 Ball trajectory and prediction trajectory

Actual location/mm

Section number

Measuring position/mm

Section number Range error/mm
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(75,125) Ays (87.5,137.5) Ays 17.6
(100,150) Ass (100,150) Ass 0
5% 30k

dﬁszZS—ﬂﬁ+(BIS—MSY:79mm 8)

S 55 R A R 2E R
a = arctan[(y, —y;)/(x, —x;)] = 18.4° Q)
M TR A5 R AT, 1 sl fE v/ Nk SE bR iz s
EiZFR G WA BB R e KR 2 17.6 mm, X RS
AU /N R ) DX A 5 S B DX A S A — 3L T
A7 15 22 KN T el 3 X BUBUE Kb . B s
18 S 6 45 AT R, TEREOGET A& AR 43K 6%6 1953
BERMEBUT, T LA o b 1 2 4 1A %) EL R 57
&5 ), I H R GE AR A R I e A v RT LA
T VE T FBG B 105 B ok S 9 o vfE A Al i . G SR AR
SR — L B A AR AR T R, AT DAL RRE R
Wi 77 ZCHE N FBG A4 85 5 35 R 43 WCEE /N DX 3 f
TOCEF S L RS 2 A BB, 78 SE BRI H el
AR 0 2 R LA [ AT e S (A TR L RN B R
AT IR, ST RS R I o 3 X A SR U Ak
K .

4 &

SCHR A G ET ML s s 0 1 6 1 3l , Xt
L e AL AR BT AT AU AL, ST TR A R
MRS (i EASLEA R R, SRR iR K
UL B BB AL B2 0 0.32 pum, BLAZ B AT
YRS G 1% B S 0 1A BT 1 DX . HRTR 2 80E
£ el ik A% S SR DR LA M i T B DR, o
2 A DX I3 o -5 B TR AL 171 S U A P
Y RAT AL eI, S 0y PR Sk 3 Bl AR ) A
I BL5E TN U s Az sl e e, 2 R
A B i T B 05 A= VR 00 1 o 8 e e R ek

20210278-6

(1]

Guo Y X, Li X, Kong ] Y, et al. Sliding type fiber Bragg grating
displacement sensor [J]. Optics and Precision Engineering,
2017, 25(1): 50-58. (in Chinese)

Mulle M, Yudhanto A, Lubincau G, et al. Internal strain
assessment using FBGs in a thermoplastic composite subjected
to quasi-static indentation and low-velocity impact [J].
Composite Structures, 2019, 215(32): 305-316.

Li Chao, Wang Yongjie, Li Fang. High stability FBG
wavelength demodulation system based on F-P temperature
control standard [J]. Infrared and Laser Engineering, 2017,
46(1): 0122002. (in Chinese)

Zhang Xiongxiong, Song Yanming, Sun Guangkai, et al. Fiber
Bragg grating curvature sensor based on flexible composite
matrix [J]. Infrared and Laser Engineering, 2019, 48(2):
0222001. (in Chinese)

Guo Yongxing, Yang Yuehui, Xiong Li, et al. Response
characteristics of fiber Bragg gratings embedded in soft
materials with different Young's modulus for bending
measurement [J]. Optics and Precision Engineering, 2020,
28(8): 1634-1643. (in Chinese)

Zhang Yanan, Fan Di, Shen Linyong, et al. Strain transmission
and accuracy experiment on fiber Bragg grating small-diameter
shape sensors [J]. Optics and Precision Engineering, 2019,
27(7): 1481-1491. (in Chinese)

Wu Nishan, Xia Li. Interrogation technology for quasi-
distributed optical fiber sensing systems based on microwave
photonics [J]. Chinese Optics, 2021, 14(2): 245-263. (in
Chinese)

Esequiel Mesquita, Luis Pereira, Andreas Theodosiou, et al.
Optical sensors for bond-slip characterization and monitoring of
RC structures[J]. Sensors and Actuators A: Physical, 2018,
280(1): 332-339.


https://doi.org/10.3788/IRLA201948.0222001
https://doi.org/10.3788/OPE.20192707.1481
https://doi.org/10.37188/CO.2020-0121
https://doi.org/10.3788/IRLA201948.0222001
https://doi.org/10.3788/OPE.20192707.1481
https://doi.org/10.37188/CO.2020-0121

s Gk A2

%34 www.irla.cn % 51 %
[91 Ming Xinyu, Guo Qi, Xue Zhaokang, et al. A femtosecond laser- Physics Letters, 2018, 15(3): 035103.

[10]

[11]

[12]

[13]

inscribed fine-core long-period grating with low temperature
sensitivity [J]. Chinese Optics, 2020, 13(4): 737-744. (in
Chinese)

Ge Ziyang, Wang Yan, Qin Nan, et al. Analysis of strain error of
interface slip of FBG flexible sensor under positive pressure [J].
Acta Photonica Sinica, 2020, 49(10): 43-51. (in Chinese)

Liao Yanbiao, Yuan Libo, Tian Qian. Optical fiber sensing in
China for 40 years [J]. Acta Optica Sinica, 2018, 38(3): 10-28.
(in Chinese)

Qian Muyun, Yu Youlong. Tactile sensing of fiber Bragg grating
based on back propagation neural network [J]. Chinese Journal
of Lasers, 2017, 44(8): 0806001. (in Chinese)

Skvortsov M I, Wolf A A, Dostovalov A V, et al. Distributed
feedback fiber laser based on a fiber Bragg grating inscribed

using the femtosecond point-by-point technique [J]. Laser

[14]

[15]

[16]

[17]

20210278-7

Feng J H, Jiang Q. Slip and roughness detection of robotic
fingertip based on FBG[J]. Sensors and Actuators A: Physical,
2019, 287: 143-149.

Wang Yan, Qin Nan, Liu Jihong, et al. Performance test of
flexible sensor for temperature and pressure based on fiber
Bragg grating [J]. Chinese Journal of Scientific Instrument,
2019, 40(3): 93-98. (in Chinese)

Sun Shizheng, Long Yuheng, Li Jie, et al. Research on flexible
tactile and sliding composite sensing based on fiber Bragg
grating[J]. Chinese Journal of Scientific Instrument, 2020,
41(2): 40-46. (in Chinese)

Xu Huichao, Miao Xingang, Wang Su. Flexible tactile sensor for
robot based on FBG [J]. Robot, 2018, 40(5): 634-639, 722. (in
Chinese)


https://doi.org/10.37188/CO.2020-0015
https://doi.org/10.37188/CO.2020-0015
https://doi.org/10.37188/CO.2020-0015
https://doi.org/10.37188/CO.2020-0015

	0 引　言
	1 系统设计
	1.1 系统结构设计
	1.2 滑动目标状态参数解算模型
	1.3 运动方向及速度的解算

	2 仿真分析
	3 实验及结果分析
	3.1 标定实验以及静态位置坐标定位
	3.2 运动状态监测实验
	3.3 实验结果及误差分析

	4 结　论

