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Long-term Aging Performances and Life Evaluation of 220 kV XLPE Insulation Materials
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(1. Electric Power Research Institute, China Southern Power Grid, Guangzhou 510663, China;
2. Shenzhen Power Supply Bureau, Shenzhen 518000, China)

Abstract: The long-term aging performance of cross-linked polyethylene (XLPE) insulation material for high-voltage
power cables will determine the operating reliability and working life of cables. This work aims to evaluate the long-term
working reliability of the domestic 220 kV XLPE insulation material. An imported 220 kV XLPE cable insulation materi-
al was taken as a reference, and the electrical and thermal aging characteristics of domesticaly trial-produced 220 kV
cable material were comparatively studied. For the two 220 kV AC cable insulation materials, the long-term ther-
mal-oxidative aging tests were carried out, and the mechanical properties, infrared spectroscopy and differential scanning
calorimetry (DSC) were used to characterize the thermal-oxidative aging behavior of the materials. Then the constant
stress electrical aging tests were carried out using sheet samples. According to the aging life theoretical model, the ther-
mal-oxidative aging and electrical aging lives of the two 220 kV XLPE insulating materials were evaluated. The
thermal-oxidative aging test results show that the oxidation rate of domestic trial-produced material is slower, however, its
crystallization and mechanical property are relatively inferior. If when the mechanical property is dropped to 30% of the
initial value is set as the insulation failure criterion, the thermal-oxidative aging life of imported and domestic materials
are 32.85 years and 29.14 years, respectively. The thermal-oxidative aging resistance of domestic trial-produced material
is slightly inferior to that of imported material. The constant stress long-term electrical aging test results show that the n
indexes of electrical aging life for imported material and domestic trial-produced material are 16.84 and 17.03, respec-
tively. The electrical aging resistance of the domestic trial-produced material is relatively better. The long-term aging
performances of domestic 220 kV cable insulation material have reached the level close to that of imported materials.
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Table 1 Experimental conditions for thermal-oxidative aging
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Fig.9 Linear fitting results of the relationship between reten-

tion of elongation at break and In¢
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Table 2  Fitted equation and fitting quality of the relationship

between retention rate of elongation at break and aging time
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Table 3 Insulation life when the elongation at break retention

rate drops to 50%
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Fig.10 Fitting results of the relationship between thermal-

oxidative aging temperature and aging life of XLPE samples
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Table 4 Thermal-oxidative aging life models of XLPE insu-

lating materials

EILRE WE iR DR
7= Int,y, = 22167 1366 0.987
R R Int,,, = 862;'85 -14.32 0.947
7t 7
N

oI
Al : 5
H# g =

PN ]
11 S BRFE RS R A3

Fig.11 Amount of removed inferior samples



f= o 0h, (HERR], B &, 4. 220 kV XLPE 24 R HAZ AP e K 5 a4y 4909
25f 3417 AR 1.80f a R
_ D2 1@ il 78] — R R 22
7 5 1.76F
208 ,, 174}
afé 15 29 3.0 3.1 3.2 33 3.4 35 36 3.7 3.8 3.9
S I 7 IgL
hos (@) B>
©oop 1.80F o BAK
I L — 1 AR LGl 2
5_ 5 1.76f
_ ‘ 1.74F
? \ \ 1'72_. TR U N N R RS U U B |
- = = = = 1 29 3.0 3.1 32 33 3.4 35 36 3.7 3.8 3.9
= = =S = 2 = IgL
T2 0§ 0§ § 2 ®
= £ £ & =z 13 XLPE kBEAC A 3 B 15 SR I L 4
5 3% X 18] Fig.13  Fitting results of the relationship between electric field

K12 ASFEIE AN a) B R e 4

Fig.12 Amount of failed samples in different aging time periods

P, (HILAE BSR4 i AN 5 dr TN AR SR R
HEMEHIY, B2 RR RO FR.
L=CE™ 9)
K L ONIRFERRLET ], E N HIERE; CF n
T 5 SLIS IR RS DL R B A A R I
HL 37 5 R RN OC R I, W%
JE i AL P sl 2 P 2t N ALK, R o 2 B
(M2 TERE AL bR b, X A . X R(9)%%
SN E O E, an(10) TR .

1
IgE=A4"-—IgL (10)
n

K, A5 n HARKIHEE A0)XS R %
L n] Lgh 2 i 45 R, Rtk o Rt 2k
A APl A AR Fi 8 L) 2% T AT HL

oF i 4 HH P JE P AR R R, B4 B AH B o
IR N AN KRR TR, S SRR TR BG4 (E AR
1E1Z3%58 ~ XLPE \FE IRHIE R iy X B G AS 3 1)
2 i 55— Y R R A B s 4% R (10) A,
HEERME 13 &R S IR,

I 13 T, #EOpi AR, B R R R
435 9-0.0594, —0.0587, RIS, Ui B HLS I
/NI FEAR AR 2 5 i KO . RER MBI v 5
KA HEE n —BUWBUE, 15T 20 05 AR
=R R 5 A 5 50 n B4 16.84. 17.03,
A UL PR R n . B PR R B
ZURRERT, TIEfREEMGmHEER. H
EARRRIFRZE, UM R R AE 8 N 2

and electrical aging life of XLPE samples

RS5O IRE S o INE XU B AR AR A 4 R
Table 5 Fitted equation and fitting quality of the relationship

between electric field and electrical aging life

g e e
O A Ig E =—0.05941g L +1.9551 0.9435
[ = R R IgE =—0.05871g L +1.9384 0.9009

PPEREMIRS 2 1R RS, Pk
P ZIH n Al 53 T [F) h S5 A4 A0 i 255 22 A0 il
RERA ZRN, SENE RGBT RN »
EA s 2T, X E 22 5 5 HORIE T 5 o
JE B FERIE, — 5 TR T At s T2
ZEA o A SCIR A R P RO R S 2 AR R L
PEPEREAEXT B AT, FE25 R8BI L3k PR 2 (K i
A A PR R PR REZ S AN K

3 HHig

1 5220 kV LR HEHHEL, fFEARIREE
AN, PR R At R AN 45 & 1 R 3 A
PR 22, 2 RN G5 il s ke iR AR B AG

2) 5O r A kAR, B kR
Kbl Z AR IR KA 212, AL R AN 5%
AN, BT H RS RES A 2 12055 Sk
W, SEHKSTFESDRERGER, HAEhrae
T2z, AT AR

3) WK R R E HE R E I a2
1EFE, SRR R R EA R 7 T 25T,
F7 VAW S 2 [ B ME I 30% N 4a 2k 2Rk bR,



4910

i LR AR

2023, 49(12)

BE R AR kR SR 2 A e o
32.85 EAN1 29.14 45, [ BHE A AZ AL IERER IR T
BEFURE, (H = A REIA S 30 45 DL _E U TAE & .

4> B AeE 2 DR AR A A n

H 58 17.03. 16.84, EF=iRHIRHE B Z Lk RE
JITHRBAEAL, 2 FHAMHZEA K. 220 kV [H =]
RHE KA TAE AT S b CLgak 230 11 1R 2 531 26 264
BT K.

(1

(2]

B3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

S22 Hk References

Wk 87, BO0H8, BT, 5. mEE XLPE 4aZ0b kK i85
BHARRED] SHER AR, 2020, 46(5): 1577-1585.

CHEN Xin, LT Wenpeng, LI Zhenyu, et al. Prospect on key technology
of the XLPE insulation materials and HVDC cables[J]. High Voltage
Engineering, 2020, 46(5): 1577-1585.

B0, AR, BRNBK, S5 220KV SRR 20 AR LSRR M B
PR AEIT]. o E AL AR AR, 2023, 43(6): 2483-2494.

HOU Shuai, FU Mingli, LI Xiaolin, et al. Comparative study on per-
formances of 220kV XLPE cable insulation materials[J]. Proceedings
of the CSEE, 2023, 43(6): 2483-2494.

kA, R, R, S5 HUEEBEN XLPE 4k R AR
PRI, WS, 2021, 47(8): 2991-3000.

ZHANG Jie, ZHAO Xuetong, BIAN Haoran, et al. Effect of charge
traps on electrical aging of XLPE insulation[J]. High Voltage Engi-
neering, 2021, 47(8): 2991-3000.

DAKIN T W. Electrical insulation deterioration treated as a chemical
rate phenomenon[J]. Transactions of the American Institute of Electri-
cal Engineers, 1948, 67(1): 113-122.

DAKIN T. Electrical insulation deterioration[J]. Electro-Technology,
1960, 66: 123-130.

R, BIMER, w0 M, S KR4 XLPE Mg i 2 (] H
G HMERED]. SRR, 2022, 48(9): 3533-3541.

ZHANG Wei, HU Xiucui, GAO Chao, et al. Space charge and thermal
characteristics of long-service Crosslinked polyethylene cable insula-
tion[J]. High Voltage Engineering, 2022, 48(9): 3533-3541.

KEMARI Y, MEKHALDI A, TEYSSEDRE G, et al. Correlations
between structural changes and dielectric behavior of thermally aged
XLPE[J]. IEEE Transactions on Dielectrics and Electrical Insulation,
2019, 26(6): 1859-1866.

DAI X Z, HAO J, LIAO R J, et al. Multi-dimensional analysis and
correlation mechanism of thermal degradation characteristics of xlpe
insulation for extra high voltage submarine cable[J]. IEEE Transac-
tions on Dielectrics and Electrical Insulation, 2021, 28(5): 1488-1496.
BB, U, AR, & 10kV KEBER MRS ITIRET
AW EHERAR, 2017, 43(5): 1684-1692.

YANG Ying, YOU Jiao, JIA Zhidong, et al. Evaluation analysis of 10
kV XLPE cable’s operation condition[J]. High Voltage Engineering,
2017, 43(5): 1684-1692.

W, BRAME, %8 B, 45 PE WOMLESH AL A6 S FTRAE ).
£ R S 2R, 2005, 22(1): 48-52.

XIE Kan, CHEN Dongmei, CAI Xia, et al. Study on the practical

(1]

[12]

[13]

[14]

[15]

(16]

characterization of the microstructure of polyethylene by infrared
spectroscopy[J]. China Synthetic Resin and Plastic, 2005, 22(1):
48-52.

O, BN, Bk, & AEIRERE N XLPE R4
PR RS EAT A 0], P E AL TR SR, 2017, 37(22):
6740-67438.

LI Huan, LI Jianying, MA Yongxiang, et al. Effects of thermal aging
on the crystal structures of the XLPE cable insulating material at dif-
ferent temperatures[J]. Proceedings of the CSEE, 2017, 37(22):
6740-67438.

LAMBRI O A, BONIFACICH F G, GARCIA J A, et al. Mechanical
energy losses in commercial crosslinked low-density polyethylene in
the temperature range between 200 and 400 K[J]. Journal of Applied
Polymer Science, 2019, 136(23): 47605.

#OW, £ OM, BET, & a0 TR MBS I EEE
ghRTE REGTERER ], o TR, 2020, 51(1): 117-124.
DONG Peng, WANG Ke, LI Junfang, et al. Chain entanglement con-
trol of UHMWPE sintered products and its effect on properties[J].
ACTA Polymer Sinica, 2020, 51(1): 117-124.

MR, BB, RAGLGINREARM]. 2 i Jeut: FUL L
FRAL, 1994,

LIU Yaonan, QIU Changrong. Electrical insulation test technology[M].
2nd ed. Beijing, China: China Machine Press, 1994.

B, &R, RO, & REOTREGL S RVE R
SO SUERT]. b E L TR SR, 2022, 42(11): 4227-4237.
FAN Linshen, LI Qi, YUAN Hao, et al. Influence and mechanism of
grafting on thermal oxidative aging of polypropylene[J]. Proceedings
of the CSEE, 2022, 42(11): 4227-4237.

WRPRASZL, XIFA%E, MBI, 4. Wk XLPE Hgi4n )5 LA B
). EERERAR, 2016, 42(8): 2388-2393

OUYANG Benhong, LIU Songhua, DENG Xianbo, et al. Optimization
design for insulation thickness of high-voltage XLPE cable[J]. High
Voltage Engineering, 2016, 42(8): 2388-2393.

& IhCEEEE)
1988—, Z, #idL, L
TN SRS R AR ST

E-mail: houshuai@csg.cn

HOU Shuai

Senior engineer

Corresponding author

EHERF

1962—, 55, #it, MABARELXK

WIS FL S 1 22 4B AT B e 7 4 A o A
HHE., WEELHRAL . A% RS L WA
BB SATRLRLFH AR RBE 5T

E-mail: fuml@csg.cn

FU Mingli
Ph.D.

WA E B 2022-09-28  f&[EIH ] 2023-01-13  4wfE  EIRAE




<<
  /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
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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


