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Abstract: A breakdown voltage and breakdown electric field of the transformer insulating oil of liquid dielectric were studied
in uniform electric field and non-uniform electric field and the transformer insulating oil was observed by the process reached
breakdown. Insulation performance evaluation of the liquid dielectric was evaluated at the electrode spacing of 2.5 mm under
the conditions of domestic and international standards (KS C IEC 60156), so a comparative review was conducted at the electrode
spacing of 2.5 mm. When the electrode spacing is 2.5 mm, the average breakdown voltage is 38.5 kV for sphere-sphere electrodes,
26.6 kV for plate-plate electrodes, 22.9 kV for needle-needle electrodes, and 24.3 kV for sphere-needle electrodes. 23.7 kV for
the sphere-plate electrode, and 20.7 kV for the needle-plate electrode. From these results, it can be seen that the average value
of the breakdown voltage at the electrode spacing of 2.5 mm, in ascending order, is sphere-sphere, plate-plate, sphere-needle,
sphere-plate, needle-needle and needle-plate. It was found that the breakdown voltage of the unequal field was lower than that
of the equal field.
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Fig. 4. Shape of electrodes: (a) sphere electrode, (b) flat electrode,
and (c) needle electrode.
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Fig. 5. The average value and standard deviation of the breakdown
voltage in sphere-sphere electrode.
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Fig. 6. The average value and standard deviation of the breakdown
electric field in sphere-sphere electrode.
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Fig. 7. The average value and standard deviation of the breakdown
voltage in plane-plane electrode.
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Fig. 8. The average value and standard deviation of the breakdown
electric field in plane-plane electrode.
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Fig. 9. The average value and standard deviation of the breakdown
voltage in needle-needle electrode.

L Temperature of Oil : 24.0[°C]
€
§ )
=,
o
2 —t
10 .
g y
g i
L
s st
o
o
4
(]
o
@ g 1 L 1 1 1 1
00 05 10 15 20 25 30

Electrode distance [mm]

Fig. 10. The average value and standard deviation of the breakdown
electric field in needle-needle electrode.



284

o, eigol £er Aelni Y A% 23

20 WaE LERLA] 9S4 99l A3
o] 1.0 mmollA 3.0 mma Ao Te} Hein] A

HAZE 11.1 kVo|A] 22.7 kVE EolA|= 218 &
ojon], A= 7170] 1.0 mmY o EAnty] &t

WA= 3.1 kV, 1.5 mmYd o= 2.1 kV, 2.0 mm<%Y

2.1kV, 25 mm¥Y =22 kV, 3.0 mm<% o= 1.9 kV
ojltt.

A-A HMZo|A A= 7FAL 1.0 mm, 1.5 mm, 2.0
mm, 2.5 mm, 3.0 mm=2 245} AATty] A S 2H2t
63| &4t P72 e At 22 107} 2ok &
2 7170] 1.0 mmd w) Aeintu] Ao R 1.1
kV/mm, 1.5 mm<% Tj= 11.6 kV/mm, 2.0 mm¢% =
9.0 kV/mm, 2.5 mm% Tj= 9.2 kV/mm, 3.0 mm<% T
+ 7.6 kV/mmo]lon, AR 2% = AAny Al
A% 23.0C2 BAE 20| Wabrt Uehx] 29kge
oF 2 9loirh A= 7H70] 1.0 mm o Eeinkz) KA
E—K.—Eﬁ}h 3.1 kV/mm, 1.5 mm%¥ = 1. 4 kV/mm,
2.0 mm¥Y M= 1.1 kV/mm, 2.5 mm¥d = 0.9
kV/mm, 3.0 mm<% o= 0.6 kV/mmo|gjon, dHa}
1 A HHAS A= HHo] 1.5 mmY mf 11.6
KV/mme 7V &7 Ued 82 & 4 A9t

el lg Aol 2 Bk el A2ks
CIEC 60156) 27102 A= 714 2.5 mmof|A] HI7tE| 12
A7 diZofl A= 44 2.5 mmOﬂH Hlo AEstach &
2 27 2.5 mmol A A3 Fejol ©h2 Pty Ao
PR UEhd Ak 0 119 2ok A 14 2.5

mme o) A ML) YL -7 AT 385

-

=

kV, T =0 A 26.6 kV, -3 A0l A 22.9kV, £
-J MFof|A 24.3kV, 11~ ”dr JOﬂH 23.7 kV, Al-m &

el Al e B IGE 8 SAde

AR, Al-moleh g

= AAV PS AANG Fent A
(o]

A= FEjol ohE AAnty] A
LERd Avbe O3 129 P} A= A
2.5 mm<% o AAoty] FAQ] FH 2 -+ AT oA
15.4 kV/mm, TH-T+ A 2oj| A 10.7 kKV/mm, & -% "=
o4 9.2 kV/mm, #+-& A=0l1A 9.7 kV/mm, - &

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 3, pp. 280-285, May 2023: Cho et al.

=0o]A 9.5 kV/mm, & -H M=o A 8.3 kV/mmo]Act.
OI% 23t 2ot 13 2171 2.6 mmoll 4 A5l HA
HAYES = 2AT R sty 2o, o -7, 7
R 1

45} Temperature of Qil : 23.0~25.0[°C]

40k

S
X~
— 354
L2
o
T 30H
=
o
> 2H 1 _
c / ¥ 7
2 / : é
2 20 ! ]
=2
Gl 154
v
=
o 10H

s5H

0 1 ) 1 1 i 1 1 5

sphere-sphere needle-needle sphere-plate
plate-plate sphere-needle needle-plate

Electrode type

Fig. 11. The average value and standard deviation of the breakdown
voltage according to shape of electrodes in 2.5 mm of electrode gap.

Temperature of Oil : 23.0~25.0[°C]

o
X

c 1 1 1 1 ; |

Breakdown electric field [kV/mm)]

sphere-sphere needle-needle

plate-plate

sphere-plate

sphere-needle needle-plate

Electrode type

Fig. 12. The average value and standard deviation of the breakdown
electric field according to shape of electrodes in 2.5 mm of electrode

gap.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 3, pp. 280-285, May 2023: Cho et al.

2RO 17 A3 22 BS AAL H-T A
= A-4 A3 2L BYS AN A1 54 %
obw] glstel WYY] WARES AHgstol BT Hejet A
I 21748 27} k2] stol WS A 23S A A
1M S48 ulmstgon ey ge AEL At

USRS B e F9 FAKS C G

2.5 mmoj A F7tE il
mOﬂH vl J et 7<1

=343 2.5 mm% T ’SO&HM Rdo] H4o - &
oA 38.5 kV, #-1 AFo|A] 26.6 kV, - A=
of|A 22.9 kV, =% K =Zof|A] 24.3 kV, -3 X =oj

A 23.7 kV, &l -1 Oﬂ A1 20.7 kVo|Att.

mel B Hgel B

ol 2x

X r::
)
JIJ

N

9]

2) A= 14 2.5 mmeY off FAmhy] A=
A 15.4 kV/mm, - A =2of|A] 10.7 kV/mm, A=Al
A=A 9.2 kV/mm, +-& AZof|A 9.7 kV/mm,
-3 AZoA 9.5 kV/mm, F-T FAZo]A 8.3
kV/mmoJgitt. o]5 Axtz Hot = 7FA 2.5 mm

oI ekl Bl 2 e gAe e
ERCR 7o, 33, Al-molets 2
°“¢m“0ﬁ%%%ﬁﬂﬂﬁ%ﬁﬂiqgﬂﬁ
o BAZ Hohe 22 & 2 gt

285

ORCID

Yong-Sung Choi https://orcid.org/0000-0003-2904-2813

REFERENCES

[1] J. L. Jeong and C. S. Huh, Trans. Korean. Inst. Elect. Eng., 66,
1745 (2017). [DOI: https://doi.org/10.5370/KIEE.2017.66.12.
1745]

[2] C.H. Hwang, H. G. Sung, and C. S. Huh, Trans. Korean. Inst.
Elect. Eng., 57,245 (2008). [UCI: G704-000119.2008.57.2.004]

[3] S.B.Kang, W. S. Kim, D. C. Chung, J. M. Joung, and M. H.
Kwak, J. Korean Phys. Soc., 71,986 (2017). [DOI: https://doi.org/
10.3938/jkps.71.986]

[4] J.Y.Jeong, Y. Kim, M. K. Lee, G. H. Han, H. Kim, D. Jin, J.
Kim, E. Choi, H. S. Uhm, and G. Cho, J. Korean Phys. Soc., 61,
557 (2012). [DOI: https://doi.org/10.3938/jkps.61.557]

[5] J.Hao,R.H.Zou,R.J. Liao, L. J. Yang, Q. Liao, and M. Z. Zhu,
J. Electr. Eng. Technol., 13, 1682 (2018). [DOI: https://doi.org/
10.5370/JEET.2018.13.4.1682]

[6] S.H.Kang, H. 1. Chae, J. P. Lee, and K. J. Lim, J. Korean Soc.
Saf., 19, 56 (2004). [UCI: G704-000647.2004.19.1.020]

[71 W. Mo, H. Song, Q. Huang, Y. Chen, and W. Wang, Trans.
Electr. Electron. Mater., 22, 301 (2021). [DOI: https://doi.org/
10.1007/s42341-020-00238-4]

[8] H. Y. Cho, Master thesis, A Study on the Breakdown of the
Transformer Insulating Oil in Nonuniform Electric Field, p. 1-
47, Dongshin University, Naju (2015).




<<
  /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


