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Abstract: The increasing global demand for renewable energy has accelerated the deployment of offshore wind farms, thereby
highlighting the need for advanced development and performance assessment techniques for dynamic submarine cables used in
floating offshore wind systems. These cables are continuously subjected to combined thermal, electrical, and mechanical stresses,
with mechanical loading playing a particularly dominant role. As a result, dynamic submarine cables exhibit degradation
behaviors that differ significantly from those of conventional fixed submarine cables. This paper presents the design and
implementation of a comprehensive evaluation system capable of applying combined thermal, electrical, and mechanical stresses
to dynamic submarine cables. The system was validated using a 66 kV wet type submarine cable through commissioning tests
and insulation performance measurements. Electrical stress of 72 kV, thermal stress exceeding 95°C, and mechanical stress
corresponding to a bending radius of 20 times the cable diameter over 20 cycles were applied to verify system reliability. The
subsequent insulation assessments quantitatively confirmed performance variations induced by the combined stresses. The
results demonstrate that the proposed platform is the first system capable of simultaneously applying thermal, electrical, and
mechanical stresses to dynamic submarine cables, and its operational performance has been successfully validated. This platform
enables realistic reliability evaluation of dynamic cables used in floating offshore wind farms and is expected to improve the
overall operational reliability of offshore wind power systems.

Keywords: Dynamic submarine cable, Floating offshore wind, Multi stress testing, Cable reliability assessment, Insulation
performance
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Fig. 1. Concept of floating and fixed-bottom offshore wind farm.
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Fig. 2. Example of cross-section of dynamic cable.

Table 1. Comparison of floating vs. fixed offshore wind farms.

Category Fixed Floating
Structural Turbines fixed Turbines floating
Water depth <50m >50m
Wind speed 7-9 m/s 9-12 m/s
Cable Single armour Double armour
Combined thermal,
Thermal and . .
Stress electrical, and dynamic

electrical stresses R
mechanical stresses
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Fig. 3. Design concept of multi-stress characteristic test platform for
applying combined stresses.
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Fig. 4. Multi-stress characteristic test platform for dynamic submarine
cables.
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Table 2. The test conditions for evaluating the performance of multi-
stress test platform.

Category Test conditions

20 cycles (one cycle =24 h (8 h heating
+ 16 h cooling))
Maintain maximum conductor temperature > 95 °C
for at least 2 h during the heating stage

Thermal stress

Electrical stress applied simultaneously during the
20-day thermal load-cycle period
Test voltage: 72 kV

Electrical stress

Bending curvature: 0.294 rad/m
Horizontal (tension) force = 20 kN
Based on a 24 h:

40 bending cycles applied for 2 h

Mechanical
stress

Table 3. Measurement conditions for evaluating the insulation
integrity after multi-stress testing.

Category Test conditions
Insulation Applied 1 kV
resistance Recorded the value after 1 minute
Applied 36 kV
Tand ppiie

Recorded the value after 1 minute

Applied an initial voltage of 90 kV and

maintained for 5 minutes
AC breakdown

test Increased voltage in 18 kV increments,
es

maintained for 5 minutes, and repeated the
step-up procedure until breakdown

A%, Tan 62 545190 [10,11].
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Fig. 5. Raw data of thermal stress applied by the multi-stress
characteristic test platform over 20 cycles.
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Fig. 6. Raw data of electrical stress applied by the multi-stress
characteristic test platform over 20 cycles.
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Fig. 7. Raw data of mechanical stress applied by the multi-stress
characteristic test platform over 1 cycle.
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Table 4. Evaluation of insulation performance.

Category Evaluation
Insulation Greater than 3 TQ,
resistance within acceptable performance
Less than 0.001,
Tand L
within acceptable performance
Breakdown occurred at 468 kV,
AC breakdown W "

The electric field was 24.8 kV/mm, within

test
acceptable performance

o 0.071 %

3' 95kV
. 24mA

59, 99z
22.8°C

493, 4nh
89. 959°

=AY I U AR TS st sl HAS 3
2 [EC 60243 ¥ CIGRE TB 72204 @ fstAY B ¥
R R Wt 55 250 YRS stk 1
o 82 Alol2 A % W7E AL Uehol & 4x
Y7L AS et

43 SBABHAY BUE N

B 72 o) A A2 cholua R Al 2o -
A7 IAA B3 2B A SAO] A7FE 4 9l B
SYNY SAEL LY ol 71 EY U AEY
2718 B ZE PAT 4 G UA] B84 s
3 @79 BY AEA 5202 FUHA AFL 2 9
Che HolA] 323 7|48 1A Qujgicl.

£3] 294 SIFFELTAY 22 18] chol ity 5

63

Aol o] F 83t Baol waA Sttt ARoIA,
B ERBL US| QA BN WS, H7IH B, v
25 7 A8t ES SAl0 BALE 4 9 A 929 £
A AAEo2 Bl o2 §3) tholun Aol 2o
A7 AE R M AF, AN 2 15 ANe S
CRFR 712 TS IR 4 9k 7S 0fRisty
5.2

2 ATOIHE A HAS BUEYAY BRES 75
6}912&1, o1 B3} 0f 66 kV wet type 0] 2] e 3
52 AFsnh. 22y £ E9E sl cojue A
Aol ol et UA| A1E PHEY P ulshe Ae
ofUn, £ A7} DY Fa Y AW BAL T
4 9l SEflo] L AIASIA] J|uhe SRt Hlojo],
ol o] ZRFL s|¥ros Bk AANQ A1F HAL, H7t
P2 5 AP PUES ARG A7t WA ol

A A AR o2 crolua sal Aol Sol gt B4
Aol1 BESHE BFAE A XY 740 Bagol 5
bt 9lou], 58] QA7 VAR BT BHS FAl0
T g7 A Wk Ee A BEEE|T
(CIGRE. IEC)o] 4 = S35 0 2 t=0| ] 1 9)c}. o] 2}t 4}
oA B ARl U BAFL FF AY P Y

7 7ng 9Jst 7]¥t 7|22 A] £ Q35 Qu| & 72t=

L =23tslE m7of|Afo] @3t Dﬂﬂq

gt AlE dlojele] £X g Sl 2] 2E
Qlg 7o 2 =t

s
=2 T M

2 ATOIAE $4 SIBULA A ALgE e ol
L) SR ol g B4 7)1 BT B e AEROR A
A317] 915l AIA B0 BEEYAY SRES LS
oF E SREL TS

|:I9_. I'E‘

< nlo gor

o ZUZ0 x| 2% 95°C o]4to] g%

72 kV F718 AEBEH A, F3) ¥ 20D ¥ 20 kN Q1A 61
9 ZAlof] 91718t 2 Q2 MAE 9 on, [EC 63026 W
CIGRE TB 8629] QL A}3tS %55 ]—‘— =S s HstgiTt
o SES Al S BB o1 Yol 66 kV wet type S A
Aol 22 tde= 207<7] @ %Tono} A, 9
OFR A 0 2 O x|

~

d

Jz m[o rln

AXSH3 TQ o]A}), Tan



64

§(0.001 o]sh) ™ AC HAm7Fw=(468 kV, 24.8

=
KV/mm) 578 §31 2 H50] e AP
2, BAFo| UK BF AEAZ YRR v}
stu Wk 4 98 YFshAc
olRg AW 71E BY AE A JN AB P 2
TS olAHA oA ANYFD FAY B 815 &
=

ORCID

Ik-Su Kwon https://orcid.org/0000-0001-9540-9148

ZAtel 2

O] =2 20259 JR(ATGEEATER)e] Alde=
d=olu R 71 =871de Alde & ?
(20213000000020, SHAFZ 2 THA] oA MY L& 9
FeHAZIAEA L 87t 7= 7HE).

rol‘

REFERENCES
[1] B. Tounsi, A. Henry, and L. Vanftretti, Proc. IECON 2012 38th
Annual Conference on IEEE Industrial Electronics Society
(IEEE, Montreal, QC, Canada, 2012).
doi: https://doi.org/10.1109/IECON.2012.6388540

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

J. Electr. Electron. Mater., Vol. 39, No. 1, pp. 59-64, January 2026: Lee et al.

Z. Zhang and Z. Liu, Proc. 2024 6th International Conference
on Power and Energy Technology (ICPET) (IEEE, Beijing,
China, 2024).

doi: https://doi.org/10.1109/ICPET62369.2024.10940650
DNV-RP-J301, Subsea Power Cables in Shallow Water
Renewable Energy Applications, DNV, Hovik, Norway (2014).
DNVGL-RP-0360, Subsea Power Cables in Shallow Water,
DNV GL, Hevik, Norway (2016).

S. W. Lee, J. W. Choe, 1. S. Kwon, D. E. Kim, and H. J. Kim, J.
Korean Inst. Electr. Electron. Mater. Eng., 37, 286 (2024).

doi: https://doi.org/10.4313/JKEM.2024.37.3.7

J. K. Seo and H. S. Ryoo, J. Korean Inst. Electr. Electron. Mater.
Eng., 38, 404 (2025).

doi: https://doi.org/10.4313/JKEM.2025.38.4.8

IEC 63026:2019, Submarine Power Cables with Extruded
Insulation and Their Accessories for Rated Voltages from 6 kV
up to 60 kV — Test Methods and Requirements, IEC, Geneva,
Switzerland (2019).

CIGRE, Recommendations for Mechanical Testing of
Submarine Cables, Brochure, CIGRE, Paris, France, (2015).
CIGRE, Recommendations for Mechanical Testing of

Submarine Cables for Dynamic Applications, Brochure, CIGRE,
Paris, France (2022).

IEC 60243-1:2013, Electric Strength of Insulating Materials —
Test Methods — Part 1: Tests at Power Frequencies, IEC, Geneva,
Switzerland (2013).

IEC 62631-1:2011, Dielectric and Resistive Properties of Solid
Insulating Materials — Part 1: General, IEC, Geneva, Switzerland
(2011).




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


