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Fiber Bragg Grating for Simultaneous Measurement of
Strain and Temperature
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Abstract In order to avoid cross-sensitive connection of temperature and strain in fiber grating sensing system, one
dual-parameter sensor employing fiber Bragg grating (FBG) is investigated. Based on theories of temperature and
strain testing using FBG, the operating principle of the dual-parameter sensor is described. The experiment on the
dual-parameter sensor is performed for linearity and sensitivity of temperature and strain, and measurement results
combined effects of strain and temperature loading are described. Dynamic range and sensitivity of temperature FBG
are about 0 C ~100 C and 12.2 pm/C , for strain FBG about 1.79 pm/N. The experimental results show that this
method can eliminate availably cross-sensitivity of temperature and strain for strain FBG sensor, and measure
temperature and strain accurately and synchronously.

Key words fiber Bragg grating; dual-parameter; cross-sensitivity; linearity; sensitivity; strain

OCIS codes 060.3735; 060.2370; 280.4788

15 F

JEET A R AR e (FBG) th T B A7 il 15 17 5 L 5y T RS B o R0 X ] B0 9 Ak 30 07 2 I 2 B 47 AR B B oA
9 F T TS o A O A (A AR DG 27 15 S AT B A T BRIt Y . FBG 1R 2 I8 1
e P ' £ A4 Sy A5 i 308 T R AT S0 0 1 i 3K 10 b A JR i Rk EE A I i . FBG T LRI X 22 b 4y Bl 4
FEATIN A, G0 < RS D) VLR LA LG AT X S A U U AR 2 ISR S B AE FBG P
P AW AL . TR BEAT BRI BE LA AT i H Al e — 49y B 00 B p 3o R v £ 9 AR TR RE S SRR R A —
FBG 2@ @Us A 52 9 — AR 7 B2 A TR, Dot AR T 2% Bl 2 BE A9 i B 05 58 A i FBG 35 VS 6
H I E B U FBG S 808 5 N 7 Gl BE ) 32 16 RIDRU S o i B s B 45001 Lt ok 4 Ty 3k A A
JEA T AP TR L XELASE B e Rk A R I o AR SCHR 1 — PR 5 TS BUAY 45 0 S L A B T
i B P I ML 1 S B FBG AR » AN 0T LUAS 30T B i B2 RN g 58 SRR Y T it [ g 2L 52 B 5

riE B H: 2013-04-21; W EIfEeiE B HA: 2013-06-18; M4 H AR B #: 2013-08-19

EEWMA : WOLSYWEHEEAE M E & 5505 = 5 2k 4 (SKL111103)

fE B s AR (1981 —) 3 B BI85 36 DAl 2 MO Bt J S 2 1 Y37 7 Y 5
E-mail: zhenbao_wang98(@163. com

100602-1



50,100602 MM SYBIZHRE www. opticsjournal. net

P~ B ) A 00 e, EL R B — ORI, — B R R G L PR by TR X R 5 ik a8 mT AR
28l JBE 5 HC Aty P ) K 5 A0 I R Y Ok 1) 58 USR] AL

2 FIHHr

FBG AR I 25 7 AR 2 4391 0.1 nm/10 CAI 10 nm/1 YR8 e HAE Rl 17 97 1) 9 45 B8l
TR . AU Brage J7 B Aw = 2n.0A G g £F 154 RC0T 5T 25 A SE MR 1907120 L 24 0 SR L1 kA5 BF T DL 75
51| Bragg J7 1% 1 MM 2t

A = ZAncffA + 277cffAA = 2[

(')ne{f anef{ a/X
BT Ja Aa}‘AJFZnC” ﬁAT’ (1)

K dn /T VG FBG It R R B (Ana) o AURPIZ K 51 19 HOERON 5 dn/da AU TR IK =
BOLLF AR AT ™ A B RN s A/ 0 T ARFICLF MR MEIRIZ K R B, Ho s (An) o MIng/da 18 52 by
JO7 P 2 e VR g /i ml A2 o SRR Al (D s g R

AMp 1 dng | 1 JA
ABAT Negg E)T + A (’)T. (2)

AT + (Ang) o, +

1 ancﬁ 1 E)A
< + 2

é’\KT:

%:KTAT. (3

IS 3 Rt A2 i X FBG BE AT 2 1w 7w 4 SR A 3 5 R G R PR AR AR

I Iy IA
AP 4 Aa]+ 2nu SHAP. 4

X AP ARER M S K/ Aa Foon i1 TN L 51T BARZEAL »Ine /P FR RN Iner/da Fon i
SR A/ 9P AFICEF LA 47 R B P one/da 1852 bR L e v A g /N 8 FT DL 220 o 3 A TR
EXEE IR

AAB — 2A[

Ay 1 dng 1 9A
AsAP ng P T A IP° (5)

& Ky = A P 194 gy

Negg ap A aP

My
As

ASCHT BT SR FBG LA N 1 Bs i G i Al — ARG 25 b AR I (9 P DA 2 i o 25 1)
BN 1 em, R EIFRZY N 2 nm. E25 B SHUE G B0 FBG (UK S IR BE A5 8 I8 S i )
0 S A A IO o e 2 Rk R S SRR AR . S BN g FBG /R ) RO AR S5 R B HEAT TN
K1 B s B Bt o BRIV g R B8R 3 i X

— KPAP. (6)

position of strain
sensitivity enhancement

Bl 1 X% FBG & 4544 7 i

Fig. 1 Schematic diagram of dual-parameter FBG sensor
IE 3 A% S Hh O P A EE RS A5 I it im0, g 0k ) o G AR
AAB/AB - /\?IJAP+kTAT0 (7)

100602-2



50,100602 MM SYBIZHRE www. opticsjournal. net
O ke kv 23 04X FBG A 722 0 it B2 0 17 28 %80 3 iod 00 il B8 A SO M 1 R A2 JEOB Al 2 v R 1Y

paE > AN

A1 /Am 0 knTAP

[AABZ/ABJ_ [kr’z ij[ATJ (8)
AL L TR] R A 7 ok 7 5 S0 07 7 AR IR B L 3 Ry R s 43 XS NG TR E AL RO 1 AN )AL OB 2 Y
3 R L P e R 2R 5 T a0 3R RN N ) AR AR TR B I K TR RS S R B AE

3 SLEGFSY

FBG W A% 5B 5c M B i 2 BiR  JUS R K B 20 5 em. $P0F ,5R I 353ND 340 i 23 FBG
O T 5 L R EAT 5 T f AL

WS K FBG £ 8 H6 b W 6t 52 06 56 B P N 61 3 9775 . it o BB 1525~ 1565 nm (9 [ % %4 41 (ASE)
ST G SEHE A TR0 T 1, 28 ph i T 2 i A UUS A I8 L A7 AN TR I S8 A4 1 FBG
(355 U Hh O 11 2 JE AT BRI 28 L 5 2 ph o 11 3 60 o 2 O K R 4

fiber laser circulator ((')) dual-parameter
sensor
E 1/ \2 s
strain
thermostat
wavelength
demodulator
Kl 2 WS FBG 15 4 2 & K3 SL ot g
Fig. 2 Real-object picture of dual-parameter FBG sensor Fig. 3 Experimental arrangement

Bl 4 S H FBG AL Il LI 45 5 . SCa e A v o e 3t P ol A R IR VB O 0 C~100 C L fif
PAASCTE A [ L BE A7 0 03 S M R 10 00 S r O R I A A B0 . SR 2 2R R WD 0 D' M K Rz
0 YA s D8 i L B e A A B 0 T I I £ il R R B R B Ads. D 20 4pm/ C (0 C AL
PR 1531, 254 nm) 2 B E Y 2 4% 32 B0 DNy 2R 4 JORG e JR o) 7 0008 Y6 Ml ) ik 88 i 7 52 i 88
AL T — R A3 9 A 5 00 G L R e R B A 12, 2 pm/ C (O CHFHUL Ry 1529. 604 nm) , 5
WHEARYE .

Fee AR T ORI AN AL W B R I FBG DS AL i b 1 it i 0~51. 5 N I 7 (R B34y e in 7
O L A BOS A 9 0~6000010 %) I3l i FBG gt 8 {303 53 7t In A 18] B2 7 15§ B0 » 900 3t ' Al A Rz g
I e O B AR O . B S Sl I AR R SE R AR R LA SR A X I T A B

1533.4 r:nm-m-—j T /‘ ] 153175 —— . . , : m11630.05 ¢
1533.0 —e—temperature FB! = —s—strain FBG &
- D / I ] E 1531.73 e —e-temperature FBGI 1530.03 %
. i ;_ iEEEE ] 2 ASEED . _ -
£ 1532.2 S T R o B 15171 N -{1530.01 2
g 15318 s : 'E RS : —— g
I I fereet  ISSLISAS  6.8B66Ed [N
% 1531.4 '/ % 1530.69 o —| v —soumesfi— 1629.99 g
& 15310 = e
= & 1531.67 11520.97 S
1530.6 ! ! E_, g
1530.2 e 153165 =t =t memymae—e—eScn 152095 8
1529.8 i = r &
= 1531.63 152093 &

0 10 20 30 40 50 60 70 80 90 100 110 0 5 10 15 20 25 30 35 40 45 50 55

Temperature /C Strain /N
Bl 4 WSH FBG A% 8% i B D) 4k 25 21 Bl 5 WSH FBG 1% 8% I 7y I 4k 45 21
Fig. 4 Experimental results of temperature by Fig.5 Experimental results of strain by
dual-parameter FBG sesnsor dual-parameter FBG sensor

100602-3



50,100602 MM SYBIZHRE www. opticsjournal. net

7 3 0 A5 S s R N B ) KN O A5G AR L B SR L g W B R R Ads e 270 1,79 pm/N,

& 145 T A [ s it o L RN A 0T R AR ot ) R e R I 2 P A E . N T
i A A R D A e P A TR RE R NN g A KT S LA R Y I 5 8 2R O A L TR B R A A R 1Y
SEME  RIVA) A5 2 S PR 0 1 1 B g E I FBG HL R 142 4L

1AL B IERS R/NEARS 0 C b ity A0 B 1 55 A8 1 7 b I EE 36 [R) A R B g 006 D' il 0
BRI ER IR AR S A& S i — 2B R 45 R A & . SERR A R AT LU D' Ml i Ji 2
T G5 RO AR - nT LU RO BRIV I 56 21 A B e e el R S SRR R R

F 1 B IE AR T WS 8 FBG L g il Bt 45

Table 1 Experimental results of dual-parameter FBG sensor under the combined effects of strain and temperature loading

Central wavelength of Central wavelength Temperature according  Excursion of central wavelength
Strain /N temperature of strain to temperature of strain FBG without effect of
FBG /nm FBG /nm FBG /C temperature /nm
51.5 1529. 883 1531. 629 22.9 —0.092
19.6 1530. 120 1532. 074 42. 4 —0. 045
39.2 1530. 233 1532. 235 51.7 —0.074
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