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Abstract: A high—precision Fiber Bragg Grating (FBG) displacement sensor was proposed based on the
combination of a spring and a slider. It can realize the displacement measurement and temperature
compensation on a single fiber, which greatly reduces space occupation. Experimental results show that the
sensor has excellent micro—displacement measurement capability, its sensitivity, accuracy and the range are
145.08 pm/mm, 1.43%, 1.55% and 10 mm, respectively. The relative error of static synthesis is 2.88%,
and the overall error of linearity, repeatability and hysteresis are small. By comparing the temperature
compensation effect of aluminum alloy substrate, non—substrate and quartz substrate, it is found that the
sensor temperature compensation effect of quartz substrate is better which the delay time is reduced from
6.8 min to 4.3 min, and the maximum temperature compensation error is reduced from 44 pm to 40 pm.
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Finally, the temperature sensitivity of the sensor made of quartz glass substrate is 6.34 PM/°C and the
temperature compensation error is 0.26 % . All of those implies the sensor is suitable for online monitoring
of high—precision structural displacements such as mechanical equipment and civil engineering.

Key words: Fiber Bragg grating; Optical {iber sensor; Displacement sensor; High precision; Temperature
compensation

OCIS Codes: 060.2370; 060.3735; 280.6780; 280.4788

0 58§

LT A P Ag S 2F e (Fiber Bragg Grating, FBG) 3 B A% 18 2% B AT BUA K i 7 B e i % T Pt g 7 58 55
P 5T 32 BT SCTE SR, BT FBG X B2 R 7 # SURR S LR b RE A 2 1 45 A BRI T FBG 57 #8il
IR R B R DA R Tl IR BE  B F 5 A A ) o 4 R R I R R AR R R
AIE F A8 , AT A X A48 S Y

UL AR, FBG 3 B 15 Ik 2% 32 2 1 FH T &5 44 0 % W 0 DA PFAG 45 44 A9 AR B T 24 S 3t 3 1 7 . 2013 4F,
T 35 08 55 R FBG AN S 41 & S 0L A T, 32 A% B8 1 0 A% 2 0% 267 pm/mm, 44 B 0.99' .
20174, SRk X445 FI FH FBG B8 R RIBLIE 4544 45 G 07 ORI 5 060 8 , 2 1% AR 19 62 8% R BU% 2 20.11 pm/mm,
5l A 0~100 mm™ ., [A4F, LI Tianliang 25 #) F FBG F1 = 5 07 7 0 328 58 S2 80 1 30 0K 07 A% T o | 12 4%
IR RAE A 2 086.27 pm/mm, J5 [l 4 1~2 mm, 23 F K 0.48 um" . FIH FBG {7 B 14 B f Bk 7]
DASEAT o 4 B 0 5 B I, {2 — S B Oy AT AN FH 30 28 bl 8 R 1 B, DR L AUF 5 S5 ek 3 3 4%
17 B AR A EE WA E

HHE 0 R M D7 A S 2 M RSO 25 a3 R o 0 S M R IR ) 1% R
& L5 RG f] B RSB AR AE A PO DK 22 e N IS L DA AR IR B AR AL A B T A f R AR 25 KA IR R, RO
P20 i 3 T LS e N JS B i R TR A 15 2 DK ) R R R SR L AR [ IR LS IE U AR B
FLie i 2% . 2 iR B B 1 R S5 4 R SCHRE HH — b 3 T 2 5 Ol MR B AR 19 RS B FBG (B 1L B s .
N T e FBG A% i v I 4 25 1 107 i J5 R 05 R TR AR 5% 22 A ) 3, AR 4 A4 IR ) 2 T B X 5| 2 FBG h
O IR AR AR I 25 B B R A9 A BB AT 5 4 R R 8 A K M T R AT TR A A BU RIS

KR SR 2 2 Je Mk fE— RO EF L BB A FBG 897 8% 1% B2 Hh e 4 14 T B A2 FBG — JBEHR J2: A I
TAL AR B A A5 W N BE | T UAS SCRRT AR T Jh 26 45 4, o JHCORG U 1 PA B 1 g b 206 2SRRI A6 LIRS WG T 4R &
ST T AL RO B R MR A MR UR 25 IR IR 25 . R B e 25 0 1Y) TR B MR
AR T FBG BYHS AR CUN A7 5 3% S A6 S, B0 5 A IS, AN B A I ) X Ay 38 1 1 I i I 0 Ik B b
LR SZ MR, PR T YR AR AR FBG A0 K AE 19 55 R Akt DL R 0 PR R BT A R] X SRR ST
Xt FBG & 3% 1) 35258 B i BRI 555

1 IBSERERNFREERLE

1.1 BEARFEE
B 1A ST AR B MO e B AL g R B R . B B R EBEAY FBGL M FBG2 1 ) — 4~ &
SPALE, B— AT AR A . MG ASn E S AR D E e A R S L Ho,

Sliding block FBG2

\

‘ A}

Spring Quartz glass tube FBGI
Bl ARSI 8 FBG AL 8 il B AN B3 8 BB (FBGL AL % s FBG2: R &)

Fig. 1 Schematic diagram of FBG displacement and temperature compensation sensor designed in this paper (FBGI:
displacement; FBG2: temperature)
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Fig.2 Test diagram of FBG displacement and temperature compensation sensor system
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Fig. 3 Physical image of FBG displacement sensor
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Fig. 4 Displacement cycle test diagram of fiber grating sensor
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Table 1 Table for calculation and analysis of standard deviation of each shift point
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Displacement z/mm . Reverse stroke deviationAz/( X 10 " nm)
Az/(X10"'nm)
0 1.155 1.528
1 1.732 1.000
2 1.000 1.732
3 1.000 2.082
4 1.732 1.732
5) 2.309 1.155
6 1.000 1.732
7 0.577 1.155
8 2.646 1.155
9 1.528 1.528
10 1.528 1.528
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Fig. 5 Test diagram of temperature compensation of FBG displacement sensor with different substrates
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Fig. 6 Fitting curve of temperature and wavelength drift of FBG displacement sensor
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Fig. 7 Temperature compensation error diagram of FBG displacement sensor
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Table 2 Temperature compensation performance of displacement sensors with quartz and aluminum alloy as substrates

wavelength difference

Substrate Heating period T/°C Maximum wavelength difference AX/pm o )

stabilization time #/min
25~35 40 4.3
Quartz tube 35~45 38 3.9
45~55 26 4.1
25~35 44 5.8
Aluminum alloy tube 35~45 38 6.6
45~55 27 6.8
25~35 47 5.3
Without substrate 35~45 42 4.5
45~55 39 4.8
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Table 3 Quartz substrate fiber grating displacement sensor temperature error analysis table

. The theory of displacement The actual displacement Absolute deviation of hysteresis
Temperature T/°C
x,/mm x,/mm Ax/mm
25 5 5.008 0.008
35 5 5.013 0.013
45 5 4.994 0.006
55 5 5.007 0.007
W AR AL 5 mm

3 #ig
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