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Estimating for Properties of Insulating Degradation for Cellulose paper with Aging
Temperature and Correlation by Statistical Treatment
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Abstract - It was known that oil-filled transformer’'s life depended on insulating paper which was applied to
transformers for insulating of transformer. Therefore when paper was aged, its electrical, mechanical and chemical
characteristics were changed. Especially if operating temperature was high, paper was quickly damaged. As cellulose
paper which was mainly used for solid insulation of transformers was degraded, the cellulose polymer chains broke down
into shorter lengths and gases such as CO, CO: , CHy CoHy and so on were produced from paper. Also by-product
known as furan compounds were producted from paper and it were dissolved within insulating oil. In this paper
accelerating aging cell was aged during 60 hours at 100, 150, 180 and 2007, respectively, so evaluating the chemical
characteristics of cellulose paper by thermal. And it were performed analysis such as tensile strength(TS), dissolved gas
analysis(DGA) and high performance liquid chromatography(HPLC). Also for analyzing of correlation between insulating
degradation characteristics, it was performed linear regression method as statistical treatment.

Key Words : Cellulose, Chemical Characteristics, DGA, HPLC, Correlation, Statistical treatment
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Fig. 3 HPLC spectroscopy for analysis of furan compounds
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) Correlation|Determination
Correlation between - -
coefficient | coefficient
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5. 4 B

94 Wrle] F2 HAEQL FHo aYgZE AAX
Z o839 Ui d ddE s I A9 gy e
A2S =& F Idiy

1. g3l2%7t molel we} dAAY A E7F A
st om 150[C] o] 2=olA FA438 Faste] HAA
FTHSAR] AT = 50[/] olalol =t ol HA
2ol R = 2 COLt COy 7F29} furfural FAE 2] 7
%ol HAsA FUMetATh Eg HAfe d3E 3
A 7t HAEH JA FHSdAAANA F438] wol
=

£ 19 45 Aug 94 27 el 53, CO s

furfural & SYWFE e W, FAASIE 09980 He]

Ael 1ol A7ke GAE BTk A HARAA

& AEAs AEAE Al dASHG o714 CO st
A g4

8 O]-‘ﬁ furfural©l
ﬂ‘?}ﬂ = Fol

(1]

T, B33}, ‘AR 93 Wy o)A
=5, At 2rEsd A52E 12
5-

% ofN

k=)
©
w X

2] 4&=, l”i} 7‘45} “‘COst CO2 7t2& o83
2 Rty AAx e sl #we A7 Ar)st
=1A], 53CH 10%, pp.523-529, 2004.

[B8] Asx, FF2, 239, UHE, e, Mgy 44

72~ A 9 JLO“’J"] HE” | distd 7] ehs] =4
8%, pp.343-349, 2005.

[4] AAE, 342, “CO, CO2 7}29 Furan %9 ¥
—% 3_50_:1- %%EO/\ X%O:]x],] Oi Oi§]_“=‘k]” , m@.ﬁ
&3] =4 58PE 4%, pp.499-504, 2009.

(

[>

(5] g A% FAAS % F35712 &
, 20073 % distA v stE] A e

p758 759 2007.

‘Y8 WY gl os AgE

of 47, WeErIEI=iA 56AT 9%,
pp. 1561 1555, 2007.

[7] =83, “Excel ¥ SPSSE &3 thdzgEs] o] 23}
AA”  ddE AR 2005.

T, %

(6]

droy 2 2 N oy @ odo pl b g0 fob fTL e
9
Y

=
it
1o,

=
Hu
Hu
to
|>
ko
e
Pl
lo
e
o
o

Tof e HASH ¥ SHAN2o ofsh Azt

Trans. KIEE. Vol. 59, No. 5, MAY, 2010

[8] =¥, “765kV WA 7]7] ok A== N 23
W HaA” 1999,

[O] gt 7|t EAE, “HE8 WG| HA7Eed &g
A" pp.139-145 2000.

[10] H3H, “dAFFe % %2 Fufural F&ES &3
VY7 FEHAE”, A7E3 =84, 54CH 123,
pp.546-552, 2005.

[11] J.Unsworth, tc., “Degradation of
insulating paper monitored with high performance
liquid chromatography” , Electrical Insulation, IEEE
Transactions on [see also Dielectrics and Electrical

F
¢

Y

electrical

Insulation, IEEE Transactions onl, Volume: 25,
Issue: 4, p.737-746, 1990.
[12] M.C.lessard, etc., “Determination of Paper

Degradation By-products by Direct injection on an
HPLC Column” , Electrical Insulation and Dielectric
Phenomena, 1995. Annual Report.,, Conference on,
p.230 - 234,. 1995

st Ar)Eeta £
. 2010 B oSt A7) EEr
gh). 1999~2003d (57)7 ZA4¢

>

A FaATY

el 1 042-821-7604
Fax 1 042-821-8895
E-mail : geez0l1@cnu.ac.kr

I o A (& X E)
1997»3 FTHdTgu ArFTusI E9.
gl FPuSdr) &4

(538 AAL. 2007 SEdga 7]
st WA, A4 dFA7)BA
EERIEEEL!
Tel : 02-3219-0563
Fax 1 02-3219-0519
pinkfrog @keca.or.kr

E-mail :

gt s @A E
1974d Fddizgta FAUFIH(AT)E
. 1986 skt A7]F
(Zuh). 19859 59 & l
1989L4 S Url FEH NAuey A4 F

Tel : 042*821*5655
Fax : 042-821-8895

E-mail : sohan@cnu.ac.kr

H 917




<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


