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A Study on the Development of Diagnosing System of Defects on
Surface of Inner Oveday Welding of Long Pipes using Liquid
Penetrant Test

Tae-Jung Lho

School of Mechatronics Engineering, Tongmyong University
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Abstract A system for diagnosing surface defects of long and large pipe inner overlay welds, 1m in diameter and
6m in length, was developed using a Liquid Penetrant Test (PT). First, CATIA was used to model all major units
and PT machines in 3-dimensions. They were used for structural strength analysis and strain analysis, and to check
the motion interference phenomenon of each unit to produce two-dimensional production drawings. Structural strength
analysis and deformation analysis using the ANSYS results in a maximum equivalent stress of 44.901 MPa, which
is less than the yield tensile strength of SS400 (200 MPa), a material of the PT Machine. An examination of the
performance of the developed equipment revealed a maximum travel speed of 7.2 m/min., maximum rotational speed
of 9 rpm, repeatable position accuracy of 1.2 mm, and inspection speed of 1.65 m*min. The results of the automatic
PT-inspection system developed to check for surface defects, such as cracks, porosity, and undercut, were in
accordance with the method of ASME SEC. V&VIL In addition, the results of corrosion testing of the overlay weld
layer in accordance with the ferric chloride fitting test by the method of ASME G48-11 indicated that the weight
loss was 0.3 g/m’, and met the specifications. Furthermore, the chemical composition of the overlay welds was
analyzed according to the method described in ASTM A375-14, and all components met the specifications.

Keywords : Automatic PT inspection system, Deformation analysis, Diagnosing surface defects, Liquid Penetrant
Test(PT), Overlay welding, Structural strength analysis, 3D modeling
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Table 1. Main specifications of PT machine to be
developed

item Specification

D: 8~42“(200A~1,000A)
L: 1,300~6,000 mm
Weight: Max. 10,000 kgp

pipe workpiece

turning unit Max. 7 rpm

carriage moving unit Max. 7 m/min.

up-down unit Max. 150 mm(stroke)

SHATE

Fig. 1. 3D modeling of the base unit
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Fig. 4. 3D modeling of the PT machine
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Table 2. Physical properties of SS400

Density(kg/m’) 7,860

Young's Modulus (GPa) 200

Poisson's ratio 0.23

Tensile Yield Strength(MPa) 200

Tensile Ultimate Strength(MPa) 470
3 Fig. 59 o] vie] i3 @ w71Rel ol

o] gk WAlE B oW, nodes?)
I 7544270 0]tk

T 132,93070

o)1 elements?]

Fig. 5. Mesh generation of the carriage unit

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2016-10-12 2 526

Fig. 6. Equivalent stress analysis on carriage unit
under 10,000 kgr
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Fig. 7. Deformation analysis of carriage unit under
10,000 kg
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Fig. 8. Mesh generation of the PT machine
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Fig. 9. Equivalent stress analysis on PT machine under

10,000 ker
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Fig. 10. Deformation analysis of PT machine under

10,000 kg
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Fig. 11. Appearance of the CCD camera used
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Fig. 12. Appearance of the developed PT inspection
system
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Table 3. Results of performance test for the developed

PT machine
items unit targets results
moving speed m/min 7+0.5 72
rotating speed rpm 7+0.5 max. 9
repeatability accuracy mm +1 1.2
inspection speed m’/min 1.5 1.65
ASME SEC.V&VI®] BR[7]9] whel $4-84352
9, 713, APA 5ol BUAT F7E 45 S8t
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(b)

(a)
Fig. 13. Specimen of before(a) and after(b) PT inspection
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Photo. 1. The PT inspection report for the developed PT

system
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Fig. 14. Result of the pitting test
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Table 4. Chemical Properties of STS316L

Prop. | C Si Mn P S Ni Cr | Mo | Cu
030 | 1.0 11.0 | 18.0 | 2.0
spec. | 0.03 ~ ~ 0.03 | 0.03 ~ ~ ~ 0.75
0.65 | 2.5 14.0 | 20.0 | 3.0
#0018 | 037 | 2.00 | 0.024 | 0.003 | 12.26 | 1853 | 2.25 | 0.12
#2 10019 0.38 | 1.99 | 0.023 | 0.003 | 12.11 | 18.64 | 2.30 | 0.12
4, 42
PTE o8¢ 24ula dolmdl S 8759 ¥
WA kAl Aol T 29 2ok ofls)
Zrt.
(1) CATIAE AHE31H 3 2 PT machine A
A& 3D KEFEA0H, ol FRAE A 2
WY el AR wg 4 Ul w4 b
HqadE AAst 22k AREH PSR A

2ol = ARE-3FSITE

(2) ANSYSE AHg3to 3254l
o] sFo] A&
MPa A&} AL
SS4002] o
QFHsita

machined] &<l
LAl 200 MPa ¥t} Zom g
s, E5 Ao W32 0.15 mm
o] AASH

}71 flste] F2E9
m/min., Ft3]3%

2 mm, AR

(3)
%= 9 rpm,

1.65 m*/min.



PTE °]&%t HolZ i $4-835F EHZ JHA g Jido] e a4+

5S Egolsl9lony, o] BE AAL dEL s = [7] ASME Standards. From: https://www.asme.org/products/
wA2 BEse. codes-standards/
(4) ASME SEC.V&VIE] WhHile] mhe} 2487420 [8] ASTM Standards. From: https://www.astm.org
o4, 7%, JAdA 59 xHAs 55 g9lst
7] Si3ke] AR PT 4SRN =TS ALE 3ol
PTAAE AAE A7), muze Age uay = H B(Tacdung Lho) (822

o}o})
7l et 19841 290 ; 32kl A s

(5) PHHOR SEPRE WP 915te] ASTM (@eeap
G48-119] W o & S 87 =0] HAA S 24 * 198613 29 : KAIST AAbeshat
(FAh

Alg A3} weight loss 0.3 g/m' S 2 WSS
™, 3 ASTM A751-142] Whol wie} §4]
A5 s Es 24 4¥ BE Aol 114

nE sk

©1992d 29 : KAIST AU7AF
St} (-t

* 1986\ 29¥ ~ 19999 2¥ : A4
FEY 7IAATAFAATY)

¢ 1999 39 ~ AA : TR MFIERY~F 8} ug

tlo o}:o

<oy ol

References Mechatronics, Robotics, 7|7 #l|o] - 2}53}

[1] S. W. Jeong, W. J. Chung, J. S. Jung, J. H. Jang, J. H.
Bea, “Automated equipment for welding pipe can also
nurture inner super-large”, Proc. of The Korean Society
Mechanical Engineers Spring Conference, pp.733-734,
2013.

[2] J. H. Lee, T. J. Lho, “A study on design and structural
strength analysis of positioner in robot overlay welding
system of ball for ball-valve”, Journal of the Korea
Academia-Industrial cooperation Society, Vol.16, No.3
pp.1639-1644, 2015.

DOI: https://dx.doi.org/10.5762/KAIS.2015.16.3.1639

[3] J. S. Jang, S. H. Hwang, T. J. Lho, “A Study on
Implementation of Robot Overlay Welding System
Based on OLP for Ball of Ball Valves”, Journal of the
Korea Academia-Industrial cooperation Society, Vol.17,
No.12 pp.446-452, 2016.

DOI: https://dx.doi.org/10.5762/KAIS.2016.17.12.446

[4] T. J. Lho, B. J. Koo, “Development of automatic
inspection system of defects on inner surface of
pneumatic cylinder-tubes by electronic endoscope”,
Journal of the Korea Academia-Industrial cooperation
Society, Vol.15, No.6, pp.3376-3382, 2014.

DOI: https://dx.doi.org/10.5762/KAIS.2014.15.6.3376

[5] T. J. Yoon, M. C. Kang, B. H. Jung, C. Y. Kang, “Effect
of Welding Condition and Tool Shape on Defect
Formation of Extruded AA6005 with Non-uniform
Thickness using Load-Controlled Friction Stir Welding
Technique”, Journal of the Korean Society of
Manufacturing  Process — Engineers, Vol.12, No.6,
pp.45-51, 2013.

DOI: https://dx.doi.org/10.14775/ksmpe.2013.12.6.045

[6] B. W. Lee, J. S. Lee, H. S. Park, “The Effect of Heat
Input on Grooving Corrosion Behavior in the Welds of
Electric Resistance Welding Steel Pipe”, J. of the
Korean Society for Power System Engineering, Vol.11,
No.3, pp.41-46, 2007.

127




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


