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The application of Fiber Bragg Grating sensor to high precision

temperature measurement

LI KUO, ZHOU Zhen-an, LIU Ai-chun
(Institute of Crustal Dynamics , China Earthquake administration, Beijing 100085,China)

Abstract Basing on the character that Fiber Bragg Grating (FBG) is sensitive to both temperature and
strain, by using Al and Fe-Ni alloy’s bimetal structure, we successfully design and manufacture a high
accuracy FBG temperature sensor for earthquake premonition. Furthermore, we analyze the accuracy of the
FBG sensors with enhanced sensitivity for the first time, and get its accuracy is up to £0.05°C with highest
resolution ever in all FBG temperature sensors (0.0014°C/pm). This work experimentally proves the
feasibility of using FBG in the earthquake premonition monitoring, and builds the foundation for the
application of optic technology in earthquake premonition monitoring.
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Fig. 1 High accuracy FBG sensor’ s structure
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Fig. 2 High accuracy FBG ground temperature
sensor experiment system
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Table 1 Data in repeating experiments

HERE  BKE ERNEREE RE

29. 0628 1551. 39 29. 0222 -0. 0377
28. 4945 1551. 03 28.5145 0. 0200
28.0110 1550. 69 28. 0350 0.0241
27. 4357 1550. 28 27.4568 0.0211
27.0179 1549. 98 27.0337 0.0158
26.5105 1549. 62 26. 5260 0.0155
26.0189 1549. 27 26. 0324 0.0135
25.5085 1548. 90 25.5107 0.0021
24. 9870 1548. 53 24. 9889 0.0017
24.5334 1548. 23 24. 5658 0.0323
23.9581 1547. 83 24.0017 0. 0434
24. 4776 1548. 17 24. 4812 -0. 0007
24. 9890 1548. 55 25.0171 0. 0280
25. 4895 1548. 91 25. 5248 0. 0352
26.0518 1549. 27 26. 0324 -0. 0194
26.5314 1549. 62 26. 5260 -0. 0054
27.0528 1550. 00 27.0619 0.0091
27.5135 1550. 33 27.5273 0. 0139
28.0020 1550. 67 28.0068 0.0048
28.5364 1551. 05 28. 5427 0. 0064
29. 0140 1551. 39 29. 0222 0.0083
28.0020 1550. 68 28.0209 0.0190
27.0429 1549. 96 27.0055 -0.0374
26. 0548 1549. 28 26. 0465 -0. 0083
25.1535 1548. 62 25.1158 -0.0378
23.9910 1547. 80 23.9594 -0.0318
24. 0060 1547. 82 23.9876 -0.0185
24.5374 1548. 19 24.5094 -0. 0281
25.0738 1548. 57 25.0453 -0. 0286
25.5573 1548. 92 25.5389 -0.0185
25.9721 1549. 22 25.9619 -0.0102
26.5115 1549. 62 26. 5260 0.0146
26. 9432 1549. 92 26. 9491 0. 0059
27.5374 1550. 34 27.5414 0.0041
28.0080 1550. 67 28.0068 -0.0011
28.5065 1551. 01 28. 4863 -0. 0201
28.9731 1551. 33 28.9375 -0. 0354
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Fig. 3 Reflected wavelength changing curve in

4 times of temperature increasing and
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Fig.4 The relationship between FBG ground

temperature sensor reflected wavelength and

Standard temperature
3. ik

FRATTIE A F 1) — 3K e T A IR O N SR
K FE AN Fe G A St AR JE% , BT IR
W LT e ) N HRE BT IR I e . 25 7E B
e K EE PR bR v U B RO\ g A R FR BE R
HEATRRSE , 12 A% A T B REAR Y (R FE
i1 FBG HI R ARV B R, 550 B i ik
29°CH, 1ZAE AR TE AT BE 2[Rl FBG #HL T I
KA IR AL AR R AT i St TR
BER . R, BATEXHL AR 854
KR e R I 2 26— D A, I

S HR UL

S E#t (References):
[1] dhgerE, A

M, 3EOAE, BAEET, EIR4E X

(2]

(3]

(4]

(5]

(6]

AT, LG BT AT i 2 AR A S
HERYIFE 23R, 2006, 49(5): 1308~1315 QU
Wei-Zhen, BAI Yan, HUANG Fei, ZHAO
Jin-Ping, WANG Rong-Chun, DENG Sheng-Gui.
Effect of volcanic activity on the temperature in
the tropical upper atmosphere. Chinese J.
Geophys. (in Chinese), 2006, 49(5): 1308~1315
R, WA, REM, IR R AR
FI R AT RN ST 7. IR 4R
2007, 50(4): 1150~1155. ZUO Jian-Ping, XIE
He-Ping, ZHOU Hong-Wei, PENG
Su-Ping.Experimental research on thermal
cracking of sandstone under different
temperature. Chinese J. Geophys. (in Chinese),
2007, 50(4):1150~1155.

BRROE, ML, A B L i A R AR
FEUNE JL S S A Pl AR S5 R 5. HBERY)
P24, 2006, 49(6): 1730~1737 WEI
Rong-Qiang, ZANG Shao-Xian. Effects of
temperature and strain rate on the fracture
strength of rock and their influences on the
rheological structure of the lithosphere. Chinese
J. Geophys. (in Chinese), 2006, 49(6):
1730~1737

L, AR, R R R AR
FIELEL BT, BRI B 24, 2008, 49(2):
391~397  JIANG Hao, CHENG Guo-Dong,
WANG Ke-Li. Analyzing and measuring the
surface temperature of Qinghai-Tibet Plateau.
Chinese J. Geophys. (in Chinese), 2006, 49(2):
391~397

MR, <8, B aQEE KA X 1 0 2
AR, AR LRI B S [J] . HERA) PR A
R, 2006, 21 (3): 1008~1011. CHEN
Xiao-dong, JIN Xu, GUAN Yan-wu, etc. The
influence of daily and annual variation of the
surface temperature on near-surface temperature
survey[J]. Progress in Geophysics (in Chinese),
2006, 21 (3): 1008~1011.

WAL, M%rE, X, 20044E12 526 HENJE
Hh R 5 A BRG] . HhER R,
2006, 21 (3): 1023~1027. YANG Dong-hong,
YANG Xue-xiang, LIU Cai. Global low

temperature, earthquake and tsunami (Dec. 26,



2004) in Indonesia[J]. Progress in Geophysics (in
Chinese), 2006, 21 (3): 1023~1027.

[71 G. Meltz, W. W. Morey, and W. H. Glenn,
Formation of Bragg gratings in optical fibers by a
transverse holographic method[J]. Opt. Lett.
1989, 14: 823~825.

[8] J.L.Cruz,1L.Dong,1 and L. Reekiel, Improved
thermal sensitivity of fibre Bragg gratings using
a polymer overlayer [J]. Electronics Letters,
1996, 32: 385~387.

[9] Jaehoon Jung, Hui Nam, Byoungho Lee, Jae Oh
Byun, and Nam Seong Kim, Fiber Bragg grating
temperature sensor with controllable sensitivity
[J]. Applied optics, 1999, 38: 2752~2755.

[10] 4%, XUZHE. FLF ML B F T moks B
AR A []. HhEkYER ke, 2005, 20

(3) : 864~866.
ZHOU Zhen-an, LIU Ai-ying. The application
of Fiber Bragg Grating sensor to high precision
strain measure[J]. Progress in Geophysics (in
Chinese), 2005, 20 (3) : 864~866.

[11] CHUBCTMED - BoRPe T4, A= Tt

, L, H1~11T

{mechanism handbooks) , Daxian Chen editor
in chief, Chemistry & Chemical-Industry Print,
vol.1, pp.1~11.


http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Cruz%2C+J.L.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Dong%2C+L.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Reekie%2C+L.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true

