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Study on Abrasion Resistance of Mooring Ropes
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Abstract— The laboratory inspection and analysis of several types of ropes such as edge tensile test, D/d tensile test and abrasion
test were carried out in order to investigate the abrasion degradation by external damage and to obtain the fundamental data for
measurement against the abrasion. PET ropes were socketed and evaluated under tensile testing. A yam-on-yarn abrasion test machine
has been developed to study the damage and failure associated with rubbing between fiber surfaces. The abrasion test method
consists of sliding a length of interwrapped yarn against itself in a reciprocating fashion, either dry or immersed in liquid. It has also
been adapted to measure yarn-on-yarn friction. The influence of spin finish on yarn friction and abrasion was investigated
extensively. This study indicates that finish has a major effect not only on yarn performance but also on rope performance under

the marine environment.
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Fig. 1. The yarn-on-yarn abrasion test apparatus used.
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Fig. 2. SEM images of marine rope of surface.
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Fig. 8. SEM images of marine rope fiber of section.
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Fig. 4. SEM images of marine rope fiber after abrasion.

Fig. 5. Relationship between tension and abrasion
resistance: (a) dry and (b) wet.
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Fig. 6. Tensile strength of PET according to the denier.
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Table 1. Results of tensile test

Initial Breaking Breaking

modulus force tenacity Elor(léa)n on
(ef) (gf) (gf/den)
1000d 156.1 6868 6.868 8.59
2000d 348.8 12581 6.290 7.60
3000d 157.7 19436 6.478 8.75
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Fig. 8. Change of wet abrasion strength according to
the tension and denier applied.
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Fig. 9. Change of abrasion strength according to the
tension applied (60rpm).
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Fig. 13. Change of abrasion strength according to the
cyclic speed (Wet).
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Fig. 10. Change of dry abrasion strength according to
the cyclic speed.
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Fig. 12. Change of abrasion strength according to the
tension applied (78rpm).
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A7 PR ARG Sl A & <

o2 S AHolA= &€& 500 gf, 800 gf,
1200 515 WA ol AT ohaoLe
Fig. 122 78 rpm= A3} 315 Z interwraps

£ 3,4, 52 g2 AYsto] Yot ygdS S35}

Textile Coloration and Finishing, Vol. 22, No. 4



1378 | 0|12 - 0|&& - 2SS

Atk ol= dx AHet vt 2 Y pm, F
2 wrapsoll A s1g0] AW5E Vutmago] ol
A3, Y 35, &Y rpmoj| A interwraps=7} U]
R B GFE FE AT 4 5 AT

Fig. 13= rpm&| ®¥3lo] we} ¥3lsl= Wntz
HEeo otolr :LEH I 2 1200 gf, interwraps>
= 352 1A% $ pm 30, 65, 782 W} 7P
Qge aghzolch

n}x]2t S 2 Fig. 14+ interwraps A P22 500
of, 800 gf, 1200 gf ©] 3}%9] 78 rpmE LA 3]
247} interwraps B 2t Ae Tz A
Aol e A2 AL 2= itk interwraps
S7h Z7beel wet ynkmgte] AoiE AL
I 4 9la, mY4Th b o] JFE v

A

2
A o & Stk

d

¥ I*N

filo -l>

froe

/|
=

23X AHgHE P
2 B9 mtm AU
o] Wutm Ao ofd
stek Aol A %
RS UL

ol Ee

T
[

ETAHY] Wuhe 41
45T, ZRNSE
& BIAEA ol
A

oﬂ. ﬂllO
09‘&

T 7] & .‘li Atz Eoh gy o7t St
ool et Ak A] Zhsi A= @2 2, 3ujo]X]
9 nRZ == AR W7 HBAA AR
7h ol 2= Aolg dd A== uE 24E
Btk &4 W49l 815, rpm 18] 31 interwraps
ol w2t WotR 5ol ulX= FIFo) Tel &
ofH Yttt FY mpm, FY wrapsol| A st50] AHZA
T8 Yot /Ago] Zopx|aL, FY 35, FY mpm
o A interwrapss=7} WmtRA o] & FFE F=
AL o 2 9loih vt EA5E £ inter-
wraps3=of| A rpmZ WutE Aol 2A FFS T4
o AL & 4+ Yk

o @7 WHe Uuhge] Tk 71 2H A
Yoz AA ses 2x, 4ug 222 gy

7o) M % Wag dAgolth. x| 2xo] A8
St e 1029 BANEAE ol A4
g0l e Am 4R ohis A3
AL Austel Yrtm g S7HA71E A7 4
e Baste, AdHlele 29 Bt 4

= A B7HE s AR 712 d4E

_4

(¢

o

BI=FGUIIZSISIA] A 227 Al 42

3Pt do = J|&
Mol diFst 7lee] 25 o A=Ak
S =2 AtrEHTh

7.

A9 SUA & a7
B

J. F. Flory, J.W.S. Hearle, and M. Goksoy,
“Abrasion Resistance of Polymeric Fibres In
Marine Conditions”, JWS Hearle 2nd Interna-
tional Conference on Polymers in a Marine
Environment, pp.197-204, 1989.

A. T. Ractliffe and M. R. Parsey, Man-Made
Fibre Ropes for Marine Use, OQffshore Technology
Conference, May, 6-9(1985).

P. Dove, The Development and Testing of
Polyester Moorings for Ultradeep Drilling Opera-
tions, Offshore Technology Conference, May,
1-4(2000).

D. Petruska, J. Geyer, R. Macon, M. Craig,
A. Ran, and N. Schulz,
for the Mad Dog Spardesign Issues and Other

Polyester Mooring

Considerations, Ocean Engineering, 32, 767-782
(2005).

. Y. Shuto, Y. Tokunaga, T. Mriya, T. Kagoyama,

S. Hara, and K. Yamakawa, Abrasion Degradation
of Wire Rope and Synthetic Fiber Rope, Oceans,
4, 1918-1922(2005).

I. M. L. Ridge, Tension—torsion Fatigue Be-
haviour of Wire Ropes in Offshore Moorings,
Ocean Engineering, 36, 650-660(2009).

T. M. Schmidt, C. Bianchini, M. M. C. Forte,
S. C. Amico, A. Voronoff, and R. C. F. Gon-
calves, Socketing of Polyester Fibre Ropes
with Epoxy Resins for Deep-water Mooring
Applications, Polymer Testing, 25, 1044-1051
(2006).

N. E. Casey and S. J. Banfield, Full-scale
Fiber Deepwater Mooring Ropes: Advancing
the Knowledge of Spliced Systems, Offshore
Technology Conference, OTC 14243, May, 6-9
(2002).



s 2O Lot o 28 A3 1379 |

10. J. W. S. Hearle and M. Miraftab, The Flex
Fatigue of Polyamide and Polyester Fibres. Part
1: The Influence of Temperature and Humidity,
J. Materials Sci., 26, 2816-2867(1991).

9. J. W. S. Hearle, M. R. Parsey, M. S. Over-
ington, and S. J. Banfield, “Modelling the
Long Term Fatigue Performance of Fibre Ropes”,
Proc. Third Int. Isope Conf., pp.377-383, 1993.

Textile Coloration and Finishing, Vol. 22, No. 4




<<
  /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 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


