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Fig. 1  The schematic diagram of FBG strain sensor

used in hoop strain measurement
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Fig. 4 Relationship of relative strain change and pres-

sure of sensor L,
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Fig.5 The reflection of sensors L, and L, to the situa-

tion of leakage point 1 full leakage
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Fig. 6 The reflection of each sensors to the situation of

leakage point 1 full leakage
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Fig. 7 The reflection of FBG strain sensors to branch

pipeline leak

PECER MR R A Z 00 Zs 5 Ly % 838 A 4k
TRERE M4 Z 5 Ly B2 B0, X
T O T2 B 0 TS 9 A AU AE S 2 A% 4 - T HL 23 A
SCERAR R T2 b LI By EAAE B ) B UL R .
AL O 7 A ) 7 R A A AR 2 7 A R



824 ® oW X5 & W 94535 %
PRI T 45 0 R 40 | it e D00 X D ik A 2 AT
11, 4 & P

BTSN Zs A% 183 TN A5 1 N 28 {5 5 3
TECR MR AR P By WA T LR Ly A5 IR 1) 33X b B 1 D0 52 787 36 24 1) 0z A2 1Y) J7 ¥ RE % B
XA Z, AN xR Ly o TR ] o G 000 ) 3tk O A ) R B A S, SE BN AR I A
A A B A AL T AT A B R R, 2, e B ECRDLIEAT SR A RO I

SRR AE Tt R G P O s g o B b s i 02 ol T T
SHITIF M W A s, S SR B E A .

3.3 ARMHEEEHEN

EIE B P, 2 T A S R R ) Ok
T 2 A [R] P B P ot SR B AN [ A9 T AT, AR i o
PR A WS B0 B IE ARG e f1 0 470 kPa,
I I Y A b T R Sl A T R R AU R il R A T
DL TR M SRS AT IF 5006 Fa g 10 s, 4k 2k
FIIFE) 90 % .

IR P 2] 5000 FTIF I Ly i 17 78
W/ T Ly A AR B4 IO U AL A 8 BT
BKIEN N Ly AR B L T 1T T LU Lo AR AR 7
TR T U BT 0T R Y i BR A AGR E
?ﬁrﬁJT‘iﬁ?,Efﬁml‘jL?ﬁ”ﬁ‘]miﬁﬁ\]ﬁﬁrﬁiﬁxﬂﬂid
1] T 957 £ A 2 P 0 S R A NS 8 O L X 2 (A
ﬁ@/ﬁ?’ii*ﬁﬂj%ﬁﬂ:,Tﬁfﬁﬁ;‘ﬂﬂﬁﬂj}i%@%‘%
ﬂui%ﬁmiﬁ%ﬁf“”’“ﬁﬁﬁ“{h‘/ﬁﬁB’J‘iﬂﬂi%ﬂ%ﬁlﬁ
PR R S AR AR B0 o 8 2 R O R A E 5 1 kS A I
Eﬁﬁﬁfilﬁﬂﬁk,ﬁmﬁﬁﬁtt@ 8 HE 5 A LFE
L IR BENS 5| A Bl 1 Ui 0 A O PR 1) A B
FHH B A Ak - T i U R RE S | A A AR ek . ]
LER yﬁLTW%ﬁU%%T?m%%,EJETULL%@
T IV A A1 DL B S 2 R A a2 TG

& 8

B 2R ) A el B

Fig. 8 The reflection of FBG strain sensors to situation

ARl

of regulating pump

2) a5 8 DG R A S R P B
ETE/NEN v Ry s WA = DS O -

3) ke 23 7 A O I BT TR N e
/\ﬁﬁ%% - HL 37 2% I U ) 32 4 4R B 1 B AR

TR . DRI fe T ME S5 A A O 28 DGl
’}t%@%ﬁﬁbﬂgﬁﬁﬂ‘ﬁ%Wﬁlﬁiéﬁflﬁﬁb(&%nflﬁ{fﬁ-ﬁ
HEAT W

4) A5 MU T A Y A T N AR AR A FOR
) o BRI 0 W] DA 3k 22 A [R) B ORI 2 A6 A
IO A% A5 b 1 0 B ) 2 ] 9 A 2 Vit U

5) I FHOGEF 6 M A2 1 JR s X B4R A48 18 gk AT
M2 — TR A g e W v R E M R AP Y

G LR RE R T AT LY T e bR TR . H
Hif Jo 22300 1E A T b 4 TR AR ST i o7 1 U

R AR

2 % X ik

(1] Ei, skokost. EEIE. [ YAl <08 18 T I A6
PR AR IVRIT]. Wik, 2001, 20CD): 1-

Xia Haibo, Zhang Laibin, Wang Zhaohui. Develop-
ment actualities of pipeline leak-detection technologies

abroad [J]. Oil & Gas Storage and
Transportation, 2001, 20(1): 1-5. (in Chinese)

at home and

[2] Zhou Yan, Jin Shiju, Zeng Zhoumo, et al. Study on
the distributed optical fiber sensing technology for
pipeline safety detection and location [ J]. Journal of
Optoelectronics Laser, 2008, 7. 922-924.

[3] Zhou Yan , Jin Shijiu , Qu Zhigang, et al. Study on

the distributed optical fiber sensing technology for

pipeline leakage protection [ C] // Advanced Laser

Technologies 2005. California, San Diego. US: Inter-

national Society for Optics and Photonics, 2006

634435-634436.

B PR, 25N L E 58, AL AR AR T I O 7 R K A

Msese RG] B AL E 56, 2008, 16(10):

1384-1386.

(4]

Yang Zhenkun. Li Songqing, Wang Yi, et al. Experi-
ment system of real-time leakage detection for nature
gas pipeline[ JJ]. Computer Measurement &. Control,

2008, 16(10): 1384-1386. (in Chinese)



%55 4 58, 5 BT IR 1 O AR I R A T I R e 0 3 825

(5] XURRZS. MR, BRI s, it i 4 18 i w2 e % H LRGBS LT DBl 7 « #O6, 2008, 19(6):

B BR85S 12 5, 2011, 31(4) . 405-408. 758-762.
Liu Zhihong, Cui Weihua, Liang Kunpeng. Theory of Zhan Yage, Wu Hua, Pei Jincheng, et al. Study on
the wave-speed prediction and its application[ J]. Jour- high accuracy quasi distributed fiber grating sensor
nal of Vibration, Measurement &. Diagnosis, 2011, 31 system[]]. Journal of Optoelelctronics * Laser, 2008,
(4): 405-408. (in Chinese) 19(6): 758-762. (in Chinese)

(6] ®her &, JEAHRSE, M40, & TN AEE2E NS E [13] Buerck J, Roth S, Kraemer K, et al. OTDR fiber-opti-
FGR M ELT ] JR3h .k 52 Wr, 2013, 33(S1): cal chemical sensor system for detection and location of
210-213. hydrocarbon leakage[ J]. Journal of Hazardous Materi-
Han Hongfei, Zhou Shaoping, Hao Zhanfeng, et al. als, 2003, 102(1). 13-28.

Study on identification of pipe damage based on strain [14] Li Hongnan, Li Dongsheng. Study and application of
modal difference[]]. Journal of Vibration, Measure- health monitoring by fiber optic sensors in civil engi-
ment & Diagnosis. 2013, 33 (S1):210-213. (in Chi- neering [ C]// ASME 2003 Pressure Vessels and Piping
nese) Conference, [ S. I. J: American Society of Mechanical

(7] 3ff, ok, 3@ ROBRRRAEE G BG5S W Engineers, 2003: 217-224.

Mgy L) R 3h G 52 W, 2012, 32(6): 970-974. (157 FREEG . ok DU f a4 18 f He v 00 s Jt 38 J% 5 B
Liang Wei, Zhang Laibin, Guo Lei. Noise reduction [T]. AwmBLeE, 2001, 30(9) . 28-30.

method for large diameter gas pipeline sonic signal[ J]. Cheng Jiaming, Zhang Hanguo. Leak hunting of oil
Journal of Vibration, Measurement & Diagnosis, pipeline by negative pressure wavel[ ] ]. China Petrole-
2012,32(6):970-974. (in Chinese) um Machinery, 2001, 30(9) . 28-30. (in Chinese)

(8] W . AT5%. 45 H 2 B MG W D' 47 SL A % i R M. L16] F: 5. St 2F A 1 IR R 1 45 44 it B Mg 0 e i1y i
A6 A 2 S Tl s WAt . 2008:11-20. [D]. Ki% . KEMT K, 2008.

(9] 7%, ™=, Leung C K Y. J£F JEHIbE b 4 2 [T ]. (17] {55, 2% . 2R TE, %, 2 FBG N 48 1% J s 75 K30
T2, 2006, 35(1): 96-99. R S g rb iy i LT . 4R 3l K 5 2 e, 2013, 33
Jiang Yi. Yan Yun. Leung C K Y. Optical fiber grat- (2): 277-283.
ing corrosion sensors[J]. ACTA Photonica Hotonica Ren Liang, Jiang Tao, Li Dongsheng, et al. Applica-
Sinica, 2006, 35(1): 96-99. (in Chinese) tion of small fiber bragg grating strain sensors in the

[10] Li Hongnan, Li Dongsheng, Song Gangbing. Recent dam model experiment [ J]. Journal of Vibration,
applications of fiber optic sensors to health monitoring Measurement &. Diagnosis, 2013,33(2): 277-283. (in
in civil engineering[ J]. Engineering Structures, 2004, Chinese)

26(11): 1647-1657.

C11] BEHZL, mibEaE, ALK AL SRl a7 a2 16 1 B2 BB
G N0 I 25 g (g o e W e i L T L) Bk E B R W, E—EEE N AR B 1979 4 7
2007, 35(11):17-20. AL R, EBWTSE T I S5
Huang Yanhong, Gao Xiaorong, Du Luquan. Applica- fide S W G 2T O A AL IR B B T ) 5 R
tion of fiber bragg grating sensors in inspecting bridge AU W R I k. 8RR
defects and monitoring the structure health[]J]. Rail- Q& Ao fide S WA -6 M A% R R ) (b 5T
way Quality Control, 2007, 35(11): 17-20. (in Chi- o P EES T R 2008) FIB
nese) -— E-mail: renlaing@dlut. edu. cn

(12] Zpic. RA. a5, mki R A 2Ot et



