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High-precision and Pressure Rod Type
Displacement Sensor Based on Fiber Bragg Grating

SUN Li,SUN Xinxin,LI Chuang , WANG Xingye ,SONG Yansheng

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract; In order to realize the high-precision displacement monitoring of the structure,based on
the principle of fiber grating sensing, a high-precision and pressure rod type fiber Bragg grating
(FBG ) displacement sensor design method was proposed. In the design of the sensor, the
displacement generated by the structure was converted into the stress on the fiber grating through
the spring,causing the change of the center wavelength of the fiber grating. Through the calibration
test and static characteristics analysis of the sensor, it could be concluded that the sensitivity
coefficient of the proposed sensor was 18. 14 pm/mm, and the correlation coefficient was above
0.999. The sensor has excellent characteristics such as high accuracy, large range, anti-
electromagnetic interference, temperature self-compensation and real-time monitoring. It can be
used as a reference for the design of fiber grating sensor for structural displacement measurement.
Key words: fiber bragg grating; fiber optics sensors; structural health monitoring ; displacement
sensor ; sensitivity ; displacement monitoring
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Fig. 1 The structure diagram of high-precision

and pressure rod type FBG displacement sensor

T A L AT OGO 78 1% R i 15
TR 100 mm,, EREEH R AT ERIRA5H
KRR & A7 O FDE L e & T )
—HZL b, WENPIIRRE R Z PR, il
JCEFYEME 2 WL SRR, 25 AT P LE SR T
i ¥ e AR RS2 R L 8l
JCEF ML, JG LT el A e Z A, k5 2 A
Wi, SRERTRLIE R RDGERLHE A B e A
RE T, SRt W 2o 7 v 25 DG 2T LM S 1) B
RN | AT R A S B M RS R L SR
T A A X5 % e A LT T it A R
JCEFEME ., FET LR A A Rl ) S
AR O PR AR AR AE 5, TS B 4 4
RLF R I o S P I 2 e 5 i A DA
PR AR A e, BRI 3 8 JBOCAS [a] I B
S AT LA TG MO I R R A% AR IR
A TRER T I ALES B CETEHE AN AT —HRAR
JCEF AL R AT R AR sl el T
SRR AR T B I R 2 A M T
SEIAS AR I . A SCET MM A 14 JRK
wezn R AT L RS R AR E TR B T
T, AT B s PP A e
1.2 SHEEEMXIBERREITIERE

T UL R TR SO AL 2 2



5 4

P WA TGO RS B AT AL AR AR IR 781

SRS Y AR S B, AR S8 4 BT R LR
1B :

OAFE R TAPE R A HOCLT e/, Z g
JCEF M A Bl AL

QBRFE R TRNE R B E LR /N, 20
(VANEEZe 7%

QENLFr 5 HAGE AL LT £ B 7]
I

(L% 1 AR BT U IR 285 BRASE 2854 8]
TESCTBLAE v e, AT T BR AV 45 48 A5 i
SREE R RIS R RS, x B,
Fo NSRSERIRIRAS IR T, S IEAT R AR
X RS Ax i, EE RS A5 Fo Tl
AR AR T, 8RO T ST 32 Bl 16) 77 9 {ELIR]
FEN F OCECH™ AN AE &, ti A4 R} ) 2k
A B AT RO A 1 D5 R

F,=k-x. (1)
F=k-(x+Ax). (2)
(r:%. (3)
A=m7r. (4)
e=". (5)

APk NN o il e 530 AEOEL L
TR AR S VA YA Bl ea st 1 S e
E ROGER M s AR

EE:T:E(I) ~(5) )15,

k(x+Ax

£ (Trr2E ) (6)

P GEF A ) T AR AT 5 N 2
TR S IEKARAL, SE LR SO RS AL IR AR
1) TAE R EERE

AA,

AB
XK, =1-P,,P, & FBG BIAMIER
B0, FBG B0 G O B fH; Ad,
FBG myH K ARt

X (6) fI(7) AT fE.
_k(x +Ax)AgK,

wr'E

=K.,e&. (7)

AL, (8)

2 (8) g ki BE AT HOLEF SEMH A% 15
SIS A, W RUR I AR Ax
S L B R AR Ay Z TR AR
F AT E I RO R AR AR A BRASA
WAt Ax, HRLHTREE AR k AR BUE
I, REAS AL R B O AR A i S AR X 78
AR 2 B] A4 FUE A AR A A, I el E AT X
TCEFCHIH AL P s A I 2 ] LAY
1.3 SREEHKXCBERRFHIE

PR B AT OB LR EHH R A% I 1%
AR FEAT 55 R AR 55 | AT AR B
BE T S AT AL T BIE b A BRA 4544 14 7E 137
HRE (A A S A ) A, e 99 2 D o 1
o B R BN R JE | A I — 35 59 8 JBURS
RLRAL AR AL Az 2

R T RIESCET SO B £ s T LUK
T M X 4 M R AT M, A A S Ak T 9
R SR ROL LT A P R A R AR AR
I R LA M 00 5 L N ) s o fep i s Ak T
SRPETARIRZS T, I HH A PR e KB H]
b PR AT DR R AR E TE

X T2 B B A B AT U A8 A2 IR

T A PR 2 LU R 20K
OAA RAFRFENE, ORI, bisk 55
gﬁgo

Q@HEA RAFRIHLHOIN THERE,

QHABARAILIE R

()7 e 3 g ELAT BRSO S v Y
SRPERR R

QBIELH , AR/,

LR HIELL LN ER, R R AT OB L
JCHIMEL F 12 AR PR 37 Sh 52 O 304 A EE A
PVC RGBT, foli 122 Jeadie PR B B85 35 1) EL AR
SE , R (T e g AN R E I
4, B R EPUEIRRE S , A 5 Z B AMR T
P, XCEF SN AT LUK B B 4509 PR 40 7
Rl BE AT 3O £ Dl B 2 % 1% I 4 1
Q235 UM N H T T BT A0 BR A5 25 49 4 41
B ZARHYJE ISR B o, = 235 MPa, FPER



782 Tk B SOR S e AR (A R R SE R

9537 %

it E, =210 GPa, SGEO0MHH L, Ha ik
BB, FATKEEL =400 mm, HAZ d, =
5 mm; ¥ 8NFF 1, =10 mm, 542 d, =2 mm;[R
BLE5H S M2 AR 22 28 35 6 A, ik
FHEREEA B 15025 W 3 T iZf%
AR I

TSR BE P, 7 A 5303 1) 38 i =X
(1) By sPE R Ak DRoE , & BUEL S 55 5 b
B SRR A | L 22 R A0 | B R S 1Y P
ol G, kS R PO R AT .

G xd'
=22 9
8 XN, x D, ®)
D, =D, -d. (10)
N, =N-2. (11)

KA. G HERM HIRIPEREL, MPa , X 22 355
79 000 MPa, N4 22 3% 41 71 000 MPa;d .
D, Al D,, 75l R gLk ts SME M TP4E  mm;

N N, 4357k 5 5 PV ESORIAT R PEL2E
B (9) ~ K (11) A[15,
Gxd

X (N=2) x (D, )" (12)

ek B AT LR St FS A% B 1 1k
PR, FBG Y THR 4SS 500 x 10°°,
LT () R R B 2900 15 GPa, HARIT LN
0.9 mm'"™', HADLA LS HR 125 wm, &
BIZANEAR 250 pm, T 4ER P B H AR
0.9 mm, H7 fit 580 2 ) 45 Pr AR & x =
10 mm, RN 100 mm, =X (2) f1x
(6) W LIAFH  F 2520 1. 44 N IR AT A3 hr
EE N EE ZE k=0.013 1 N/mm, #{k ]
RAFRMEEAE 0.3 mm M2 4 mm 5K
40 mm BEECH 110 BRSPS E ) K
FEAL 5 G AR M o Y R AR R 4, R A
502 JEAE R B REF, Y6 £F e I v ) R £F 4
BRI INE, LI EINRE S B
PUBENLHE (8 353ND BOLLF G IS .
AR B — I A AB I
TERRIP SN TR fLrh o) — MR R MR RR
FCEF S F 502 i 18 e , e 21 fif F AR [) 7

L U AL E AR RIS TE . KRR
SRS 2 froR

O

2 FERE AT RO UM B AL
Fig.2 The physical image of high precision

and pressure rod type FBG displacement sensor
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Table 1 Center wavelength value of forward and reverse stroke of three calibration tests

Bl H—WEART B WERR  BSWER B RBTR B UGUIR Si
mm DK /nm WK /nm P /nm P /nm WK /nm WA /nm
0.0 1549.942 5 1549.941 3 1549.941 8 1 549. 940 1 1 549.937 1 1.549.938 7
10. 0 1550.116 1 1550.123 1 1550.121 6 1 550.119 6 1 550. 121 1 1550.118 7
20.0 1550.316 0 1550. 306 1 1550.303 2 1 550. 305 4 1 550.303 7 1550.303 5
30.0 1 550. 490 2 1550.487 9 1550.484 8 1550.489 5 1 550. 490 8 1550.491 6
40. 0 1 550. 680 1 1 550. 677 2 1 550. 676 4 1 550. 667 9 1 550. 670 3 1 550. 667 4
50. 0 1 550. 856 4 1550.849 0 1550.853 3 1550.848 6 1550.853 6 1 550. 840 3
60. 0 1551.036 5 1551.033 3 1551.029 6 1551.0222 1551.026 7 1551.0217
70. 0 1551.2270 1551.216 6 1551.2112 1551.210 1 1551.2139 1551.212 0
80.0 1 551.401 9 1551.396 9 1551.3928 1551.3879 1551.382 9 1 551.396 0
90. 0 1551.5859 1551.576 2 1551.579 4 1551.5750 1551.574 3 1551.5759
100.0 1551.748 2 1551.756 3 1551.756 6 1551.748 2 1551.751 3 1551.748 2
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Fig. 4 The first positive stroke calibration test

Fig. 5 The second positive stroke calibration test
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Fig.7 The first reverse stroke calibration test
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Fig. 8 The second reverse stroke calibration test
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Fig.9 The third reverse stroke calibration test
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Table 2 The linearity of sensor

its/ BREAT WRE 2= (1
mm ¥I{E/nm {6/nm 26 %HE/nm
0.0 1549.9402 1549.942 5 0.002 3
10.0 1550.120 0 1550.1239 0.003 9
20.0 1550.306 3 1 550.305 3 0.001 0
30.0 1 550.489 1 1 550.486 7 0.002 4
40.0 1550.6732 1550.668 1 0.005 1
50.0 1550.8502 1550.849 5 0. 000 7
60. 0 1551.0283 1551.0309 0.002 6
70.0 1551.2151 1551.212 3 0.002 8
80.0 1551.393 1 1551.3937 0.000 6
90.0 1551.5778 1551.5751 0.002 7

100. 0 1551.7515 1551.756 5 0.005 0
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Table 3 The hysteresis of sensor

fiike/  IEATREKH WATERMKE  W2EHER

mm BOPEE/nm BOFHE/nm 454 {A/nm
0.0 1549.9419 1549.938 6 0. 003 25
10.0 1550.120 3 1550.119 8 0. 000 47
20.0 1550.3084 1550.304 2 0. 004 24
30.0 1 550.487 6 1550.490 6 0. 003 00
40.0 1550.6779 1 550.668 5 0. 009 38
50.0 1550.8529 1550.8475 0. 005 40
60. 0 1551.033 1 1 551.023 5 0. 009 62
70.0 1551.2183 1551.2120 0. 006 25
80.0 1551.3972 1551.3889 0. 008 26
90.0 1551.580 5 1551.575 1 0.005 41
100. 0 1551.7537 1551.749 2 0.004 47
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Table 4 The data of standard deviation

e : 74 IEATRR K AR AT R KR
mm 2 /nm i 2/nm
0.0 0. 000 616 0.001 483
10. 0 0.003 693 0.001 215
20.0 0.006 718 0.001 037
30.0 0.002 692 0.001 073
40.0 0.001 968 0.001 553
50.0 0.003 710 0.006 716
60.0 0.003 453 0.002 766
70.0 0. 008 004 0.001 894
80.0 0.004 551 0.006 610
90.0 0.004 915 0.000 801

100. 0 0.004 758 0.001 786
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