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The paper deals with the features of detection of discontinuities in welded pipelines,
interacting with low-frequency guided waves of the longitudinal and torsional modes
during their propagation in the form of a circular wave over the pipe cross-section. Ex-
tended welded pipelines are characterized by presence of various discontinuities in them,
associated with the change of the material density and/or cross-section of pipe walls on
their joint line and/or along the pipe length. Such discontinuities are reflectors of ultra-
sonic guided waves, which propagate along the pipe through its cross-section.

All the reflectors in a pipeline can be divided into two types: symmetrical and
asymmetrical. Symmetrical reflectors include welds, flanges, supports, branch-pipes, etc.,
the location of which on the pipeline is known from the technical documentation. Echo-
signals from symmetrical reflectors are important markers to determine the location of
asymmetrical reflectors. Asymmetrical reflectors include defective pipe sections, which
are mostly due to damage in the pipe wall cross-section because of corrosion and erosion
wear of the pipe wall, and are located along the path of the guided wave propagation.
Corrosion damage of the pipe wall is oriented both along the pipe circumference, and
along the pipe longitudinal axis. It can be located on the pipe inner and outer surfaces.

When studying the processes of interaction of guided wave elastic oscillations with
pipeline discontinuities, it is necessary to take into account the parameters of its medium
as an infinite waveguide. Such parameters of the pipeline as an acoustic system include
specific acoustic impedance z, and mechanical impedance Z [1].

Specific acoustic impedance z, is an important parameter of the system with dis-
tributed constants and is the wave resistance of its medium, which is equal to z, = pC,

where p is the medium density, C is the sound velocity in this medium. This value is
given per a unit of cross-sectional area in the path of elastic wave propagation. In the
absence sound velocity dispersion, wave resistance is independent on wave shape, is a
constant and characterizes the medium. As a guided wave propagates in the pipeline with-
out attenuation, z, is of an active nature. The meaning of the active nature of wave resis-
tance consists in that at propagation of oscillation energy from the acoustic array trans-
ducers in each pipeline cross-section its medium absorbs the energy at the expense of
further transmission of the same energy to the following pipeline section having the same
resistance. Wave resistance is an important parameter of the pipeline medium, as it charac-
terizes the reflecting properties of the medium and determines the conditions of sound re-
flection and passage on the boundary of the two media. If the wave resistances of the media
are equal, the wave passes the boundary without reflection.

Mechanical index Z is the second in importance parameter of the medium of an
extended pipeline, which is related to the wave resistance by the following dependence:
Z = 8z,, where § is the pipe cross-sectional area. In the pipe zones without defects the
tested pipeline has finite mechanical impedance. Change of mechanical impedance is
associated both with the change of the pipe cross-sectional area as a result of its corrosion
damage and erosion wear, and with the change of wave resistance of the welded joint
media and its cross-sectional area because of the presence of various discontinuities.



Mechanical impedance, essentially, shows the degree of resistance of pipeline me-
dium to propagation of guided ultrasonic waves, which is what leads to appearance of
reflected signals from discontinuities in the pipeline.

Mechanism of detection of discontinuities in welded pipelines is based on the prin-
ciple of interaction of the falling and reflected ultrasonic wave, allowing for the change of
the pipe cross-section as a result of the presence of various defects in the pipeline. Princi-
ple of reflection and passage of guided waves on the boundary of the change of pipe sec-
tion is given in the Figure, which shows the general case of transition of one waveguide of
section S to another waveguide of section S,. When considering the guided wave in pipe-
line section with the pipe cross-sectional area S; the incident ultrasonic wave of amplitude
A meets with another pipeline in its path, the cross-sectional area of which is equal to .S,.
Here, the incident wave is converted into the reflected wave, amplitude B of which de-
pends on the degree of change of the pipe cross-section, and passing wave with amplitude
A», which propagates further along the pipe section.
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If the reflected wave forms in the section of change of the pipe cross-sectional area,
for instance, as a result of corrosion of the pipe wall, then mechanical index of the dam-
aged and undamaged pipe sections will depend only on the degree of the change of the
pipe cross-sectional area, as the wave resistances of these sections will be equal.

Then, the coefficients of reflection R and passage W for a guided wave of a longi-
tudinal mode will be equal to:

R:S2_Sl. W= 25, .
S +S, S +S,

On the boundary of the change of the pipe cross-section as a result of its corrosion
damage the amplitudes of the reflected B and passing 4, waves will be given by the
following expressions:

. S, -8 28
A =Ry =2—L4; 4, =W4=—T2-4
S +5, S +S,



The paper shows that only a small part of the sound wave energy is reflected back
from the defect, while a considerable part of the sound wave energy passes further along
the pipe section. So, even for relationships of pipe cross-section S, = S; /2 only one
ninth of the sound energy is reflected back.

Despite the fact that only an insignificant part of the sound wave energy is reflected
from the defects, the amplitude of the reflected echo-signal is a parameter which is at the
basis of the mechanism of detection of such defects as corrosion damage and erosion wear
of the pipe wall. The height of the reflected echo-signals, essentially, corresponds to the
degree of the change of the pipe cross-sectional area under the action of the defects, i.e.
depends on the defect size. Correspondence of the reflected signal amplitude to the degree
of the change of the pipe cross-sectional area because of the defect action is a fundamen-
tal technological feature of examination of the technical condition of extended pipelines
by low-frequency ultrasonic guided waves.

References:
1. Ultrasound. Small encyclopedia. Ed.-in-chief I.P. Galyamin. — M.: “Sovetskaya encyclo-
pedia”, 1979. — 400 p.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


