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‘ System configuration for pipeline leakage detection
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CHIrHAA aKyCTHYIECKOTO AATIHKA
IIPU YTEYKE Ta3a U3 TPYOOIIPOBOAQ
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CHeKTp CHUTHAAQ IIPU OTCYTCTBUU YTECUKU
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CIIeKTp aKyCTUYECKOIO CUTHAAA TIPU MTAACHUHT AABACHUS B
TPyOOIIPOBOAE € 6 AO 3 aT™m.
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CHEeKTp aKyCTUYECKOTO CUTHAAA IIPU ITAACHUU
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The location of leaks can be determined to an accuracy of

several meters. For this location sensing application, a novel
configuration of a single-loop Sagnac interferometric acoustic
sensor has been developed and tested [1]. This configuration is
based on asymmetric desensitization of more than a half of the
loop to phase modulation. We present a theoretical
consideration of the performance of the sensor and an
experimental verification test which demonstrates a high
sensitivity of the Sagnac interferometer developed. It is closed
to that of Michelson- or Mach-Zehnder-type interferometric fiber
sensor. We obtained an accuracy of about 2 m in determining
the coordinate of the sound action along the fiber, 1 km in the
length. We have determined the sensitivity and the frequency
response of a fiber coil acting as alocal acoustic sensor in a
fiber distributed sensor configuration.

1. M. I. Belovolov, V.S. Belov, K. A. Zykov-Myzin, A. P. Orlov, A. V.
Gladyshev, M. A. Gorskii, E. M. Dianov. Novel Fiber Optic Acoustic
Sensor Based on Asymmetrically Sensitive Sagnac Interferometer.
— OFS-17, 17th International Conference on Optical Fiber Sensors, 23 -
27 May 2005, Bruges, Belgium, Proceedings of SPIE , 2005, Vol.5855,
pp. 948 — 951.



Cxema 3kcriepuMeHTAABHOU yCTAaHOBKU
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Experimental setup with combined Sagnac-Michelson interferometric sensors.
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KOHCprKLI,I/IH JTOKaAaJIbHOT O
dRKYyCTNMNHeCKOIo agatmT4d4UnMNKa
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A single-loop acoustic sensor design with an asymmetrically sensitive Sagnac interferometer.
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AYX 9yBCTBUTEABHOCTH AATIUKA
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Frequency response of a single-loop Sagnac acoustic sensor measured as a function
of frequency f with a tunable sound generator.
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CHIrHAABI COBMEITIEHHOTO NHTEPd epomMeTpa
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Signal traces of 8 kHz sound at the output of Michelson
interferometer U, (t) (top) and Sagnac interferometer U (t) (bottom).
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YyBCTBITEABHOCTD K 3BYyKOBOMY
AABACHUIO
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Sagnac acoustic sensor output signal U, dependence
versus sound pressure for 20 m desensitized fiber in
asymmetric configuration.
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KoopAnHaTHAA 9yBCTBUTEABHOCTD

U, (2), ref. units

Actual distance z, m
Normalized Sagnac interferometer output versus distance z along the fiber.
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A 1 Km.

To4yHOCTb onpeneneHus KoopauHaTbl BO34eNCTBUA cocTaBuna 2 Mm,
npu ANMHe BOJIOKOHHOMN JIMHUMN



JAKAOUYUCHMUC

1. QKCNepUMEHTaNbHO YCTAaHOBJIEHO, YTO YTEYKM ra3a u3 oTBepcTumn
(amameTp ~ 1 MM) MOryT ObITb 3aperMcTpMpoBaHbI NO U34aBaeMoOMy
aKyCTUYE€CKOMY U3NTyYEeHUIO (3BYKY) C MOMOLLbI OQHOMOAOBbIX

BOJIOKOHHbIX CBeTOBOAOOB, YKpernJieHHbIX BAOOJb TpY6bl.

2. NMpepnoxeHa cxema aKyCTU4YECKOro pacrnpeneneHHOro gat4ymka Ha 6ase
BOJIOKOHHOro nHrtepdepomerpa CaHbsika ¢ HECUMMETPUYHOM
YYBCTBUTENbHOCTbLI. KCNEePUMEHTasrIbHO NOKa3aHo, 4YTo
YYBCTBUTENbHOCTb NOKalibHbIX Y4aCTKOB BOJIOKHA MO OTHOLUEHUIO K
aKyCTU4YeCKOMY BO34EeMUCTBUIO MO abCONTHON BenninHe npubnmxaercs K
YYBCTBUTENIbHOCTU BOJIOKHA B CXeMaX BOJTIOKOHHbIX MHTepcepomeTpoB
MankenbcoHa unm Maxa-Llangepa. lna katywek gauametpom 10 cMm. m
ANTMHOM UCNOJIb3yeMOoro BoJsiokHa 20 M., MakcuManbHas
YyBCTBUTENbLHOCTb AOoCcTUraeTcs Ha yactoTte 8 kl'y, u coctaBnsier 10° Ma
npv onvHe nnevya uHtepcgepomeTpa, paBHOM 1 KMm.
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