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ABSTRACT: Closing resistors can effectively restrict
switching surges due to closing no load transmission lines of
EHV and/or UHV AC power grids. In view of complex
structure and high cost of closing resistors, it is worthy to
research that whether there is the necessity to adopt this
measure or not. By use of software simulation, the applicability
of closing resistors in EHV and UHV AC power grids under
different conditions is researched. Research results show that
for 500 kV AC power grid the closing resistor can usually be
not equipped while the length of transmission line is short than
100 km; whether closing resistor has to be equipped or not
should be determined according to the analysis results based on
concrete conditions while the length of transmission line is
within the range from 100 km to 200 km; the closing resistor
should be adopted in general while the length of transmission
line is within the range from 200 km to 400 km, however, the
way of configuring two or three sets of metal oxide arrester
(MOA) along the transmission line to substitute for closing
resistors could be adopted; the closing resistors should be still
equipped to restrict switching surge while the length of
transmission line is within the range from 400 km to 600 km.
As for 1000 kV AC power grid, it is hardly to restrict the
switching surge due to closing no-load line to the specified
value given by the code even though the length of transmission
line is 100 km when closing resistors are not adopted. Thus, in
general closing resistors should be configured in 1000 kV
transmission lines, and it is better to adopt closing resistors with

low resistance values for longer transmission lines and that with
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high resistance values for shorter transmission line.
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Fig.1 A model to simulate switching surge due to
closing no-load line
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Tab.1 Typical characteristic parameters of
MOA adopted in 500 kV AC system

e g TURImA RN F ol
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e e GV DAY DAY
444 324 597 907 1106
1.3 %KESH

FLE H AT 500 kV 522 H BT F 5 2 1A 55 Fil
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Fxb R H LR ST RS, R e
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THEI A A2 T 2R BT 36 25, 4 R INAR 2 FIg 3
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Tab. 2 Influences of different types of conductors on
switching surge due to closing no-load line

S8 Az /mm BERAMEQkm™) i HE/pu
LGJ-400/35 26.82 0.073 89 1.908
LGJ-400/50 27.63 0.072 32 1.902
LGJ-500/35 30.00 0.058 12 1.909
LGJ-500/45 30.00 0.059 12 1.909
LGJ-630/45 33.60 0.046 33 1.910
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Tab. 3 Influences of different types of towers on
switching surge due to closing no-load line

R W/ FHAR AR XN | I L/
ks m ACFAIFE/m  FEEAFE/m pu
Wik ZM1 36.0 7.50 9.00 1.908
ks ZM2 39.0 8.00 9.30 1.905
Mik¥E ZM3 42.0 8.75 11.25 1.903
M ZB1 42.0 11.00 0.00 1.905
WA ZB2 48.0 11.60 0.00 1.904
M ZB3 48.0 12.00 0.00 1.902
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Tab. 4 Influences of equivalent positive-sequence
impedance of 500 kV power grid on switching surge
due to closing no-load line

RGN H/Q 3 5 10 15 20 25
i Hi % /pu 1.774 1.757 1.776 1.762  1.766  1.752
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ATET S AL, TR A7 A A TR D S L LA H
SR 73 ¥4I P BELAE T84 K, i e A DXt r B (R 5
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BREEHE, R SCH SR AT AR Y 10 Q YRR,
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RPN 2 B AR I R B — e I RIE R . BT
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HLRIREE %, TULK N 100 km ) 500 kV 258K
B, BETE UM FE X A s ki s IR, 45
W 5 Fis.

F5 KEX 100 km 59 500 kV HEAMEL A
ATLIERE
Tab.5 Switching surge due to closing no-load shunt
reactor-equipped 500 kV line with length of 100 km

FMEFE /% 0 20 40 60 80 100
EE/pu 1908 1.906 1905 1.903 1902  1.902
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Fig.2 Measured voltage rise caused by distributed
capacitance of a certain 500 kV transmission line
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Fig.3 Amplitudes of switching surges due to closing
transmission lines with different lengths
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Fig. 4 Switching surges due to closing no-load
transmission lines with short length respectively
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Fig. 5 Switching surge due to closing no-load 500 kV
transmission line with length of 400 km and equipped with

closing resistor or multi-sets of MOA
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Fig. 6 The maximum switching surge due to closing
no-load 500 kV transmission line equipped with multi-sets
of MOA and the energy absorbed by MOA
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Tab. 6 Restrictive effects of closing resistors on switching
surges due to closing no-load lines with length of 500 km

and 600 km respectively pu
£ 17 HLBH/Q
LR /km =
100 200 300
500 2227 1.762 1.841 1.842
600 2410 1.782 1.966 1.967

gr b, A T F e g i 6 R o dr, KR
100 km LR 17 500 kV 28 i H7H & 10 B BE 48 it & mT
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Tab.7 Characteristic parameters of MOA adopted in
1 000 V AC power transmission project in China
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Fig. 7 Distributions of switching surges due to closing
no-load 1 000 kV transmission lines with length of 100 km
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Fig. 8 Distributions of switching surges due to closing
no-load 1 000 kV transmission lines with length of 300 km
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Fig. 9 Switching surges due to closing no-load UHV AC
transmission line with different lengths under different
closing resistors
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Fig. 10 Minimum switching surges due to closing no-load
line under appropriate values of closing resistors
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Fig. 11 Appropriate values of closing resistor under
different lengths of transmission lines
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Fig. 12 Schematic diagram of closing resistor
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Fig. 13 Switching in/off of closing resistor
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Fig. 14 Determination of appropriate values of closing
resistors for transmission lines with different lengths

s BB AR OB U U MROSHISH BB
AN BRRE UpONRE (). B, i
NN

UI(/IAX = 2Usteady - Uinc = 2UE - UC (2)
:_EQEP: Usteady = UE 5 Uinc = UC °

FITEL, ZRBRH Uc ik, PR v s .
K 14 o, B R, 78 4 i) F FEAR R A 2614 T
R ER s 1A F I e A B e

HIE] 14 FTRA, 0 TR RE, 2o fa Bl 4 i
BELA RN B A xR R, o I B R BE A
SN o P DAAFAE — > I A A 1) HEL B FELA a8
XA R A R AR BRI, Bl
Hh ] A R 2 B ) N R b 2 MR H o R 2
A2 S AR L F) B T EL BEL PELAE ﬁﬂﬁ&%%ﬁf
5 13 1) F BEL P AR, SR X B 1) ¢
X A T HL BEL PELE 4 v

MEBEE AT, EREH MR EEN, 2
B, A nd f o™, A R BH TR E
AN BN, T ] e B PR R A e i E PELAE
I TR I, AL, KZR R IR RE, TRl
ERMAEE, HiHhfE R aE. RIETSE, AR
T R BEL BT LR K R K Fe VF IR RE RN R 8 T .

*8 AWBHERAXRLITFRIEES
Tab.8 Maximum allowed energy absorbed by
different closing resistors

A 1) B BHFEAE/OQ 200 300 400 500 600 700
BRAURER/MI 1048 699 524 419 350 300

3 Hip

DXFFAELE 100 km BLR ) 500 kV 2Z 2k
BUOHA T 24T R KEEAE 100~200 km A Y
500 kV 2Lk i vl 5 HUH A R HBH, B IEX R K ik

17 B ARG e R TR IOE S g s TR TR

200~400 km 1] 500 kV L, — MR A
HIBE, A RENEIR 2R AT B 2~3 dLBEE #8177k K
BRAWHIE, (AEEELERPNHEANZ; UK
FELE 400~600 km B , 475 5% FH 4 1) B, BEL K R 1) 5 2%
SN ao

BT, FE 500kV &g THE s, K
FE4 100 km PA R B HOREZ , ASTHE 500 kV
L2 % DUV 5 ) L BEL AU A 58 LA S B

2) X 1000 kV L HRS, HIfZKER
100 km FJE 2%, 72 G Tl HLBE A 15 L
o AN RE G R FE R, HOR A 2 4k

A'?‘:'l

o PR A1)



Fi35E B 1Y B

HoOAR 25

IR AL s, [RIk, R 286 RCRECA 1 FE BH
PRSI X T AU LS, K 2 4k 45 A RE
TR F PR L R, MO AR A R, BT
PL, 7E 1000kV ZRAGH, — MR HCA 7] HLFH .

3) X T 1000kV M ARG, BAL S B R
I BEAE 16 i) FELRHL, 17 2050 i 45 i R P v FELAEL 1)
G HRH, XA R T A s i Uk

B35 3R

(1] JAW. mERARM]. oM. WK i, 2007.

2] ¥R, @ EEmMM]. dbat. T ES R, 2005.

[3] Fakheri AJ, Bhatt N B, Ware B J, et al. Analysis and control of
transient over-voltages on UHV transmission systems[J]. IEEE PAS,
1983, 102(10): 3315-3328.

[4] VFERER, JAE. R e RS R G RRAE s SRR AL ].
J1EBE, 2009, 30(9): 28-30.

Ji Rongrong, Zhou Hao. Study on switching over-voltage and its
restrictions in UHVAC System[J]. Electric Power Construction,
2009, 30(9): 28-30(in Chinese).

[51 i NRFURIE R ) ArE. 500 kv HLR I HL s SR A 0
5 RABR I AT BORSRAES]. dba: AR U B R
WL B T, 1984.

[6] e NEFRIE ATl brdfe . 32U i < B A i i s ORAP A 48 2
FLA[S]. ARG P NIRICAIE e ) TALHE, 1997,

7] KR A E AARAE. 1000 KV K5 AR v TR o s J 4%
Feer[S]. dbat: A NRIERE E B A F, 2007

[8] Lgeate A C. Elimination of closing resistors on EHV circuit
breakers[J]. IEEE Trans on Power Delivery, 1988, 3(1): 223-231.

[9] 35, 3R i He i bt 3R ik v RN A 50 2 O L [T]. e
EEOAR, 1999, 25(1): 29-32.

Gu Dingxie. Overvoltage and insulation coordination on ultra high
voltage power transmission system in China[J]. High Voltage
Engineering, 1999, 25(1): 29-32(in Chinese).

[10] Riberiro J R. An application of metal oxide surge arresters in the

elimination of need for closing resistors in EHV breakers[J]. IEEE

Trans on Power Delivery, 1989, 4(1): 282-291.

Eriksson A. Optimized line switching surge control using circuit

breakers without closing resistors[C]//CIGRE 1990. Paris, France:

CIGRE, 1990.

AETT. 500 kV WTEE SO & e HUBE I P ST ], R,

1997, 21(12): 9-11.

Zhou Zhifang. Research on eliminating closing resistor for 500 kV

(1]

[12]

circuit breakers[J]. Power System Technology, 1997, 21(12): 9-11(in
Chinese).

K. 500 kv HE 025 % W i 4 OV & 1) Fit BEL) AT AT PRI T[]+
RIFEA, 1995, 19(11): 30-34.

Du Shuchun. The feasibility of eliminating closing resistors for 500 kV
circuit breakers[J]. Power System Technology, 1995, 19(11): 30-34(in
Chinese).

o [E B 3R FERE . 1000 KV A5 e FE AU 1) 5 0[] 22 2 o
HEBEHTFEE—MDIR]. AL5: PEE IR TR, 2009.
Lings R, Chartier V, Maruvada P S. Overview of transmission lines
above 700 kV . Inaugural[C]/IEEE PES 2005 Conference and
Exposition in Africa. Durban, South Africa: IEEE, 2005: 33-43.

Huang Daochun, Ruan Jiangjun, Yu Shifeng. Overview of the recent

[13]

[14]

[15]

[16]
developments of ultra high voltage AC transmission in China
[C)//Power and Energy Society General Meeting. Conversion and
Delivery of Electrical Energy in the 21st Century, 2008: 1-9.

N RO [ bt . AZURTE IH) 6 ) S e 2 28 (ST b st
X P BOR W R, 2000.

G A w5 A AR o TR R
LRERAYMS]. Jbat: R EHE SRR, 2005.
HRZE, K38, gt s S i 5.
2007, 33(10): 11-15.

Xia Chengjun, Zhang Yao. Model and simulation of statistical

[17]

[18] 500 kV #iH

[19] T HERAR,

line-energizing over-voltage[J]. High Voltage Engineering, 2007,
33(10): 1-15(in Chinese).

R e R A 2 B U T 5 R O o LR LT FE ], R BAR
2007, 31(1): 121-123.

Chen Jun. Simulation study on the overvoltage of long distance EHV

[20]

transmission lines induced by capacitance influences[J]. Power System
Technology, 2007, 31(1): 121-123(in Chinese).

EFENIZ. 1 000 kV AL i A R BOR BT 78 55 R T[T MR,
2005, 29(19): T1-T6.

HARIE. R RS RS BER M. LA o ALy B RRAE, 2008.

[21]

[22]

W HHA: 2010-06-23,

UETOME

TFERAE(1985), J, WiLATTA, WFHIIRS
R FT, B-mail: dashijrr@ zju.edu.cn.

(%t HRA)





<<
  /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


