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Abstract: Temperature and pressure are very important parameters in oil and gas well exploitation. The
downhole environment is harsh so it is difficult for traditional electronic sensors to achieve long-term and
stable monitoring of downhole parameters. In this paper, a fiber Bragg grating temperature and pressure
sensor based on a carbon-fiber sensitized tube is proposed. The sensor is composed of a hollow tubular struc-
ture woven of carbon fibers as a skeleton. The composite carbon fiber tubes are cured by high-temperature

resistant epoxy resin as an elastomer, and the high-temperature resistant fiber Bragg grating is embedded on
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the surface as a sensing element to realize the simultaneous measurement of downhole temperature and pres-

sure. The experimental results show that the sensor can work stably in environments of 0~150 °C and 0~80

MPa, and the maximum pressure sensitivity can reach —50.02 pm/MPa. The sensor has a good linear re-

sponse. By adding a reference grating as a temperature compensation grating, the cross-sensitivity problem in

the process of the simultaneous measurement of temperature and pressure is solved, and the accuracy require-

ments in the process of underground mining are met. This technique provides an experimental basis for the

design of high-temperature and high-pressure optical fiber sensors in oil and gas wells.

Key words: oil and gas well; carbon fiber tube; fiber bragg grating; pressure sensor
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Fig. 1 (a) Schematic diagram of optical fiber temperature

and pressure sensor packaging and (b) device dia-

gram after packaging
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Tab.1 Pressure response sensitivity of sensing grating at different temperatures

Temperature/C 23 30 40 50 60

80 90 100 110 120 130 140 150

Sensitivity/(pm/MPa) —28.18 —28.65 —29.03 -29.55 -29.87 -30.01 -30.36 -30.55 —-30.91 —31.89 —38.53 -43.49 —47.56 —50.02




1228 D

14 %

m  Measurement (50 °C)
1553 ®  Measurement (100 °C)
A 4 Measurement (150 °C)
1552 —29.55 pm/MPa, R=0.998
£ —— —30.91 pm/MPa, R>=0.998
g 1551 —— =50.02 pm/MPa, R>=0.998
B
§ 1550
2
s 1549
=
1548+
1547
0 20 40 60 80
Pressure/MPa

K6 AFTEE RO RIS RS thk
Fig. 6 Fitting curve for resonant wavelength and pressure

at different temperatures

JGET AL R g 58 SURBURR R BB ) i R 7
Tk EEA 30 . 275 A B R PR IA B
X HUER IS e, BRI 7 & O Al
S b OB A AR, RV ATSRAS 5L A
JE 178, BRSO SEBR Rl s
Pr AL 25K (4) R

Py = (A = A19) = (A — A0) K / Ks ’ (4)
Ky

Horp A o8 FE AR BO M SO, 0k FE 1%
BOEM IR IR B, 0 S 7% UMY B i
Lo NS MR IR I, Ko R 1A% B0
W RS R, Ko S50 REE R
B, Ko MRS T Fe AR B R ) R 2248

J T BRI AR SRS R e v, AL IR
JCETF 150 °C. 80 MPa [sE T, Ml 24 h Y
JE e B S s O, 25 RANE 7 R . W&
O R 30 min SRAE— B L, 7T LA BLIZ

S 3CHk:

TRIRARAE 24 h NI K I 2l 40.03 nm, X F2 2
05 T A L I 2 AR Y T S A VR R e Y
SRS EE RN Z R G AR A R R R R IR R
AR R E 1

154842 F

1548.40 |

154838 | . s .
A

154836 1, & “aa"* s . A

154834 | A A a s o

Wavelength/nm
»V
»
>
>
>

154832
154830

154828 . , \ . , .
0 4 8 12 16 20 24
Time/h

K7 e e R e P

Fig. 7 Stability test of optical fiber pressure sensor

4 % i

ARSCHRE T —Fh L TFRRET 45 TR 7 3 A R0 1)
LM FE A% AR, JFEE ST 1 R 1 40 B
R, S A BRI T T ERA T, SC00gs
R, ZAL AR RENELE 150 °C, 80 MPa FRkErh
FeE TAE, ) 2 8% 5 5 T 35-50.02 pm/MPa,
HET i = I ARG AR PR . Wit 5 ASH
FEME, S B TELE RUE S i, X FpRLT
JE GBS N T A T IR, R
SR T X AR 452 A A RHE I ST 20 5% T
VE RIS N FH I T T4

[1] QIAO X G, SHAO ZH H, BAO W J, et al.. Fiber Bragg grating sensors for the oil industry [J]. Sensors, 2017, 17(3):

429.

[2] ERLANDSEN S, VOLD G, MAKIN G D. World’s first multiple fiber-optic intelligent well: intelligent wells [J]. World

0il, 2003, 224(3): 29-32.

(3] T, &k, TR, F.OMZIERDIEL T AHOLL BB T]. 200 53], 2019, 40(2): 272-276.
DING R Q, HOU SH L, LEI J L, ef al.. Liquid sensing of hexagonal photonic crystal fibers for terahertz wave[J].
Chinese Journal of Luminescence, 2019, 40(2): 272-276. (in Chinese)

[4] GUOQ, YUY S,ZHENG ZH M, et al.. Femtosecond laser inscribed sapphire fiber Bragg grating for high temperature
and strain sensing[J]. IEEE Transactions on Nanotechnology, 2019, 18: 208-211.

(5] ¥, B, HF R, FAETIOUSITBOL DL RE TR (1], Z 654k, 2020, 41(10): 1269-1278.
CHEN J, YANG ZH, HUANG Y H, et al.. Research progress of optical fiber sensors based on fluorescence quenching
effect[J]. Chinese Journal of Luminescence, 2020, 41(10): 1269-1278. (in Chinese)

[6]  FRESL FETOLEOMHY — A AR R IREOR [T]. A0 F R, 2020, 41(2): 217-223.



55 B HE, 2 IR R A M P s 1229

(7]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

ZHANG ZH Y. One-piece flow target type based on fiber Bragg grating sensing technology[J]. Chinese Journal of
Luminescence, 2020, 41(2): 217-223. (in Chinese)

F AR, B F T RO T2 AE A XOCET IR EOR [ B R 5, 2021, 14(2): 245-263.

WU N SH, XIA L. Interrogation technology for quasi-distributed optical fiber sensing systems based on microwave
photonics [J]. Chinese Optics, 2021, 14(2): 245-263. (in Chinese)

oAy, 24, AL, F LA HIROCHIE B Z8 R K A B W B (] e 5 45 2% 142, 2020, 28(9):
1930-1938.

RAO CH F, WU K, HU Y D, et al.. Application of fiber Bragg grating in temperature monitoring of medical steam
sterilizer [J]. Optics and Precision Engineering, 2020, 28(9): 1930-1938. (in Chinese)

ZHOU X L, YU Q X, PENG W. Fiber-optic Fabry-Perot pressure sensor for down-hole application[J]. Optics and
Lasers in Engineering, 2019, 121: 289-299.

X B R, AR AR, KA R IR IR R A EFPI-FBGE & i il B A2 ki V1. £ 58 45 142, 2019, 27(10): 2080-
2088.

LIUM Y, DU CH R, WU Y B. EFPI-FBG composite pressure and temperature sensor embedded in epoxy resin[J].
Optics and Precision Engineering, 2019, 27(10): 2080-2088. (in Chinese)

QI X G, WANG SH, JIANG J F, et al.. Fiber optic Fabry-perot pressure sensor with embedded MEMS micro-cavity for
ultra-high pressure detection[J]. Journal of Lightwave Technology, 2019, 37(11): 2719-2725.

PADIDAR S, AHMADI V, EBNALI-HEIDARI M. Design of high sensitive pressure and temperature sensor using
photonic crystal fiber for downhole application[J]. IEEE Photonics Journal, 2012, 4(5): 1590-1599.

SADEGHI J, LATIFI H, SANTOS J L, et al.. Behavior of a hollow core photonic crystal fiber under high radial pressure
for downhole application [J]. Applied Physics Letters, 2014, 104(7): 071910.

FUHY, WU CH, TSEM LV, et al.. High pressure sensor based on photonic crystal fiber for downhole application[J].
Applied Optics, 2010, 49(14): 2639-2643.

ZHAO Y, LIAO Y B, LAI SH R. Simultaneous measurement of down-hole high pressure and temperature with a bulk-
modulus and FBG sensor [J]. IEEE Photonics Technology Letters, 2002, 14(11): 1584-1586.

RONG Q ZH, QIAO X G. FBG for oil and gas exploration[J]. Journal of Lightwave Technology, 2019, 37(11): 2502-
2515.

IR, RAA, Big s, . NI TRRIEE AL ORI R 286 0], b5 # % T42, 2011, 19(3): 545-551.
WANG H L, SONG J, FENG D Q, et al.. High temperature-pressure FBG sensor applied to special environments[J].
Optics and Precision Engineering, 2011, 19(3): 545-551. (in Chinese)

MACHAVARAM V R, BADCOCK R A, FERNANDO G F. Fabrication of intrinsic fibre Fabry-Perot sensors in silica
fibres using hydrofluoric acid etching[J]. Sensors and Actuators A: Physical, 2007, 138(1): 248-260.

ZHANG Y N, YUAN L, LAN X W, et al.. High-temperature fiber-optic Fabry-Perot interferometric pressure sensor
fabricated by femtosecond laser: erratum[J]. Optics Letters, 2014,39(1): 17.

ZHOU P, LIAO C R, LI ZH Y, et al.. In-fiber cascaded FPI fabricated by chemical-assisted femtosecond laser
micromachining for micro-fluidic sensing applications[J]. Journal of Lightwave Technology, 2019, 37(13): 3214-3221.
WANG Z, LIU H, MA Z, et al.. High temperature strain sensing with alumina ceramic derived fiber based Fabry-Perot
interferometer[J]. Optics Express, 2019, 27(20): 27691-27701.

LIW CH, YUAN Y G, YANG J, et al.. In-fiber integrated high sensitivity temperature sensor based on long Fabry-Perot
resonator[J]. Optics Express, 2019, 27(10): 14675-14683.

ZHANG ZH, HE J, DU B, ef al.. Measurement of high pressure and high temperature using a dual-cavity Fabry-Perot
interferometer created in cascade hollow-core fibers [J]. Optics Letters, 2018, 43(24): 6009-6012.

LIUY G, WANG Y X, YANG D Q, et al.. Hollow-core fiber-based all-fiber fpi sensor for simultaneous measurement of
air pressure and temperature [J]. IEEE Sensors Journal, 2019, 19(23): 11236-11241.

o, RueF, FUR, F.OCEDOUIMERYE SR BRI L], F B4, 2014, 7(4): 519-531.

WU J, WU H P, HUANG J B, et al.. Research progress in signal demodulation technology of fiber Bragg grating
sensors [J]. Chinese Optics, 2014, 7(4): 519-531. (in Chinese)

ZHOU C M, PANG Y D, QIAN L, et al.. Demodulation of a hydroacoustic sensor array of fiber interferometers based

on ultra-weak fiber Bragg grating reflectors using a self-referencing signal [J1. Journal of Lightwave Technology, 2019,



1230

HE A F14%

[27]

(28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

37(11): 2568-2576.

XU M G, REEKIE L, CHOW Y T, et al.. Optical in-fibre grating high pressure sensor[J]. Electronics Letters, 1993,
29(4): 398-399.

g, S b, Rk, 5. it O CET Bragg G E AZ R ARBIZE (1], 56F 548, 2004, 33(7): 823-825.

SUN A, QIAO X G, JIA ZH A, et al.. The study of fiber Bragg grating pressure sensor with high pressure-resistance [J].
Acta Photonica Sinica, 2004, 33(7): 823-825. (in Chinese)

WA, Tk, kg, . MRENE T XOCAH O L A k7 L] k& 580K, 2008, 19(11): 1433-1436.
SHEN R SH, YU Y S, ZHANG J, et al.. Investigation of FBG pressure sensor based on thin wall strain tube [J]. Journal
of Optoelectronics-Laser, 2008, 19(11): 1433-1436. (in Chinese)

FENG P F, SONG G J, LI X R, et al.. Effects of different "rigid-flexible" structures of carbon fibers surface on the
interfacial microstructure and mechanical properties of carbon fiber/epoxy resin composites [J]. Journal of Colloid and
Interface Science, 2021, 583: 13-23.

GUO F L, HUANG P, L1 Y Q, ef al.. Multiscale modeling of mechanical behaviors of carbon fiber reinforced epoxy
composites subjected to hygrothermal aging[J]. Composite Structures, 2021, 256: 113098.

FHA. HRERZHRFH M. b5t ER7 Tl R, 2002.

LI K J. New Sensor Technical Manual[M]. Beijing: National Defense Industry Press, 2002. (in Chinese)

GARCIA 1, ZUBIA J, DURANA G, et al.. Optical fiber sensors for aircraft structural health monitoring [J]. Sensors,
2015, 15(7): 15494-15519.

XIONG L, JIANG G ZH, GUO Y X, et al.. Investigation of the temperature compensation of FBGs encapsulated with
different methods and subjected to different temperature change rates[J]. Journal of Lightwave Technology, 2019,
37(3):917-926.

WA, A, 25, F —FHEDELRI A TR L], b RS, 2011, 24(2): 47-50.

LU J SH, GUO SH SH, WANG CH, et al.. A new optical fiber pressure sensor for oil well application[J]. Shandong
Science, 2011, 24(2): 47-50. (in Chinese)

(EAEME

T B, 2017 4 Tk b 2 e 4R 15 2 +, H, WA AR IW, 2005 4 T bR
KPR 200, FENFOLL L
B, WO I TAFSE . E-mail: yuys@
jlu.edu.cn

H BEJR R (1994—), B, Il ZR W 3e AL, 7 TFaFZF974—), B, HEMEREAN,

o T, B MR AE R S T
o BEBEELOTIL, RO
&5 M A 5T . E-mail: 2280825310@

qq.com




