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A Novel Distance Protection Algorithm for High Resistance Grounding Faults Based on
Parameter Identification
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(Academy of Electric Engineering, Xi’an Jiaotong University, Xi’an 710049, Shaanxi Province, China)

ABSTRACT: In this paper, a novel distance protection
algorithm for improving properties of relay in high resistance
to ground fault was presented. This algorithm deduces a linear
differential equation with three unknown quantities. The core
idea of this algorithm is to regard the system after fault point as
an inductance and the equation is inferred from accurate fault
equation. Theoretical analysis and simulation results prove it
applicable to short and mid-range transmission lines, also the
bearing ability to high resistance fault and high accuracy of this
algorithm, especially in the end of protection domain, which
prevent the overreach happening. This algorithm is hoped to
resolve the effect of fault resistance to distance protection and

be a new and fast distance protection.
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Tab.1 Distance simulation results

R R i HL B AL B /km
km Q TR B Y RO TR ARSIk
10 9.3 10.1 10.1
20 10.1 10.3 10.3
10
50 10.6 10.7 123
100 10.7 11.2 19.7
10 17.8 19.8 20.0
20 19.4 19.7 20.1
20
50 19.6 19.4 20.8
100 19.4 19.1 25.1
10 26.4 29.1 29.8
20 28.2 284 29.5
30
50 269 26.6 28.3
100 25.0 247 43.4
10 34.8 36.8 39.1
20 34.7 34.0 38.4
40
50 28.8 27.9 46.7
100 22.8 219 70.6
10 30.1 28.1 51.0
20 14.4 12.1 50.3
50
50 -15.9 -18.9 493
100 —40.9 —452 49.0

KH 110kV RESEHAT U7 B Far i 2l K
J% 1=50km; B SHCN 11=0.105Qkm, L=
1.258 mH/km, C;=0.009 2 uF/km, ro=0.315CQ/km,
Lo=3.774 mH/km, Cy=0.003 1 pF/km; m N R G Lo =
11.6mH, L,;=30.8mH; n il &% L,=23.1mH,
Ly=61.6mH. KAEHFA 10kHz, a4k

A Matlab.

T AR B AR R A R R8s sy J7
FRVERUAR SV EA IS AR IS 25 A0 Y, 8 B 2
1Rk 100 Hz, B J5 10 ms 2008 34 ool 7

R 1 AR ARG TR 2 AR FIfd i
G35 AT MR e A AR DR e % 1 B B, VSRR Y
COBCHER, Sk R R IR LU D s Al R AR A
PR B AR BTN, A e o Y R B RS O, ot
SRR P AR K RR 22, 7 B 2 R TR

BT 2 BRI v BH A Hb B 3 OR A S iR
B K AR AR DR S B R i I, T AREE T4 R
ANSZ I L RE RE A s M WA ST Bl R 4 A iy
W, B R, TR AR IR, R
PSRN AR R AT LR i PR, Bl I
PRI, ASCHEE A —E T E R, HA
REMA OR A 1) IE A B 1

Kl 4.5 3R H T 110kV RGEA 500kV R4
3T SO (1) v B b B S ORI I O
VEHBEAE ) o PR e XN 2R 6 42 K11 90%. 500 kV
R KEN [=80km, AMALBSHN r=
0.021 Q/km, L;=0.898 mH/km, C,=0.0129 pF/km,

100+

80

601
40t
20} ‘
0
80 1

Rp/Q

0 20 40 60 00
LI%
(a) EHM(5=20°)
100}
80}
G 60t
=

40t
0

0 20 40 60 80 100

LI%
(b) ZHM(5=-20°)
RRARE R N E; DARNRKRETAHE, T

4 10KV REem 53K B A s E4F i
Fig. 4 Operating characteristic of bearing earth-resistance
in 110 kV system



REINIRSE: TS HOR0N 1 e PR R 8 R Sk 177

5531 30
300}
200}
©]
=
100+ ‘ ‘ |
0 . |
0 20 40 60 80 100
L%
(a) EHM(5=20°)
300}
200}
G
~
i ‘ ‘ ‘ | |
0 Il
0 20 40 60 80 100

Li%
(b) ZHM(5=-20°)
Bl 5 500kV ARG LK EEERR
Fig. 5 Operating characteristic of bearing earth-resistance
in 500 kV system

r0=0.115 Q/km, Ly=2.288 mH/km, Cy=0.005 2 uF/km,

Blrh: L FoR b i fir & Ay i K E o L,
L=p/1x100; &8=0,- 05, RNMMRGEHAFLA,
S K1 8, 5390 m AT n M RGEHAS . i E L
2ek A 5% TSR, PR 0Q
TR, 110kV RGEE G Y 100Q, 500kV
RGEAKK A 300Q. MIELE 6 AN il
BN TR e BE R, B IR B

HP 4. 5 TG H: 78 110kV REGM 500kV &
g8, APl L BAR IR A i, B T2 H0R
93] FRJ et BEL 2 1t it 2 O 37 S0k 8 A AR o 1 i o 9
HIBHAE J) . d11E 4(a). S(a)mT %I, 7Eik HLONEZR s 4
K 80%4L, 110kV REEM LI AL AE J7IA 5] 520,
S00kV REIAH] 113Q, TG B IR

BT Z HOR ) 1) e BH 3 o o 2 AR 47 SV v
PREIRZE EEAHS: D A ZE A NS
TR TE s 20 ANHIBL AT A G IR ZE .
AT B o SR AR 318 G0l 45 0 R A1 HL 25 75 S )

ST HE.
4 g

AR ST e A v B 2 1t g i s A 5 B 2 R 7

TR SV PR RELBE AN, ARt A i AE i e O 47 2%
Sy e, SEH TR EAT 3 AR I ek
Ty 7 R B B R AP S5, B T2 000 R
P B R Sk BB M NI LSRR, A
SCER 5 AT LR A

1) ek B R ity iz i, 00 P 77 R AT LR A
MOV SRR s AR L AR i R R I, I
JIRETH SR ER SRR, RPN IRENE, AMAAE
e i) L

2) HAEGE BRI L, A SCEE
VLN AR TR & R iUk N g A K
L SUN

3) AR RS AR Y o S,
A, TR S K

4) TEHITH S R e A R

AT IR ARG IR A, A%
g8 R LR Tl T L RE VR T, AN
ALIXFRER Bl i1 UL AR Y A &, %
JIEAT A B SR o

S0k

(11 KA. MR R S BORM]. JEst: T
[ By H AR, 2005: 163-165.

Zhu Shengshi. Principle and technology of high-voltage
grid relay protection[M]. Beijing: China Electric Power
Press, 2005: 163-165(in Chinese).

(2] FhZRA, WhEhER, HOEM, AF. WL LR B IR

R T R A 0 A g G 0], BARH T, 2006,
23(4): 15-18.
Sun Rongzhi, Wen Boying, Dong Xinzhou, et al. Analysis
and improvement of algorithm for solving differential
equation in computer distance protection of transmission
line[J]. Modern Electric Power, 2006, 23(4): 15-18(in
Chinese).

[3] Jo&H, Toxpf, AOMERN, . T)lbudk i sspud i
HLBHAE I 20 HT (9] 3 BB B4, 2001, 21(10): 7-10.
Fan Chunju, Yu Huiping, Yu Weiyong, et al. Ability
analysis of zero-sequence reactance relay against transient
resistance[J]. Electric Power Automation Equipment,
2001, 21(10): 7-10(in Chinese).

[4] EI, i, @& 7 hsigh bR & sl
2 B HYEST ). W RS BB, 2008, 32(4):
46-50.

Wang Bin, Dong Xinzhou, Bo Zhiqian. Analysis on the

zero-sequence reactance relay application in ultra-high-



178 S R <E 1 R R = SO 4

%31 3%

voltage AC transmission lines[J]. Automation of Electric
Power Systems, 2008, 32(4): 46-50(in Chinese).

[5] 5=, FoBr, ST e R AR L e Tk

LSS SO VE R P 0T R SO [T]. 8 DHORE 4, 2008,
23(12): 60-64.
Wang Bin, Dong Xinzhou, Bo Zhigian. Analysis and
improvement of zero sequence reactance relay with
application in ultra-high-voltage long AC transmission
lines[J]. Transactions of China Electrotechnical Society,
2008, 23(12): 60-64(in Chinese).

[6] 2K, HWOCH, BICET, AR e A 2 L A
ZEAsEIE]. o AZ &, 2009, 29(8): 8-12.
Li Bin, Chang Wenhua, Zhao Changbing, et al. Earthing
fault reactance relay of EHV transmission line[J]. Electric
Power Automation Equipment, 2009, 29(8): 8-12(in
Chinese).

[7] XuZY, JiangSJ, Yang Q X. Ground distance relaying
algorithm for high resistance fault[J]. IET Generation
Transmission and Distribution, 2009, 4(1): 27-35.

(8] KT, WRAEMT. i s iy vEL e e el B v i D AR 1) 2t e 36
BT[] e E L CRR AR, 1992, 12(6): 11-17.
Zhang Zhe, Chen Deshu. False root and its modification
for fault locating on electric power transmission lines[J].
Proceedings of the CSEE, 1992, 12(6): 11-17(in Chinese).

(9] SKHEFE, AR, T iU AR o )

R R4, 2006, 39(8): 928-931.

Zhang Yanxia, Li Zhiguo. Fault location algorithm based

on signal terminal electrical data[J]. Journal of Tianjin

University, 2006, 39(8): 928-931(in Chinese).

BoREh, EHTN, EAW. WEESATEOE R R TS

() B SSHEAR D], RS A B, 2002, 8(6):

34-40.

Ge Yaozhong, Dong Xinzhou, Dong Xingli. Travelling

[10

—

wave-based distance protection with fault location, part
one: theory and technology[J]. Automation of Electric
Power Systems, 2002, 8(6): 34-40(in Chinese).

[11] R, FRZE, BRY:Fo. el e AT ) o > g £
PONERRSI]. AL IR AR, 2003, 30(4): 1-5.
Shu Hongchun, Si Dajun, Chen Xueyun. Study on
distance protection scheme based on traveling wave fault
location[J] . Journal of North China Electric Power
University, 2003, 30(4): 1-5(in Chinese).

[12] B Al BE%. BT ALshEMa i sy i]. &+
L TR 2ER, 1999, 19(5): 67-70.

Duan Yugian, He Jiali. Distance relay protection based on

artificial neural network[J]. Proceedings of the CSEE,

1999, 19(5): 67-70(in Chinese).

[13] BELHG PR, AOKEN. R v M F 4ot 1 DR P A
R EE 2 ORP7[J]. 4RH 3%, 2005, 33(19): 14, 13.
Xue Shimin, He Jiali, Li Yongli. Distance protection based
on Bergeron model for UHV transmission lines[J]. Relay,
2005, 33(19): 1-4, 13(in Chinese).

(14] #1225, SKHE, BETT . i s v R0 G B P i B 2 R 4

AT, RO, 2008, 34(1): 134-137.
Yang Lan, Zhang Yanping, Yang Tingfang. Study of the
adaptive ground distance protection for high voltage
network[J]. High Voltage Engineering, 2008, 34(1):
134-137(in Chinese).

[15] skHerb, T4EPR, RIQES, 45, XUl ki A& NYER
BELRI]. MBI, 2009, 33(18): 209-213.
Zhang Huazhong, Wang Weiqing, Zhu Lingling, et al.
Adaptive  distance  protection of  double-circuit
transmission line[J]. Power System Technology, 2009,
33(18): 209-213(in Chinese).

[16] RI!s, %, Brmmte, 5. 5T R-L BUUSHHHR

R4 v e B ME A SR B SR D] b LR 2,

2004, 24(12): 119-125.

Suonan Jiale, Qi Jun, Chen Fufeng;, et al. An accurate fault

location algorithm for transmission lines based on R-L

model parameter identification[J].

CSEE, 2004, 24(12): 119-125(in Chinese).

REMR, B, BELers. BT LML K

PFRERYI]. B RG A, 2007, 31(23): 57-60.

Suonan Jiale, GulJia, Xue Xiaohui. Distance protection

Proceedings of the

—
—_
~

—

based on frequency-domain compensation algorithm[J].
Automation of Electric Power Systems, 2007, 31(23):
57-60(in Chinese).
(18] A2, HFZ, Jh-f. BHEEM]. 2. PHEs
WK AL, 2006: 80-107.
Yan Zhi’an, Cui Xinyi, Su Shaoping . Electrical
machinery[M]. Xi’an: Xi’an Jiaotong University Press,

2006: 80-107(in Chinese).

YisHE: 2011-03-31,

EEEN:

RMNIRA960), W, WL, #i%, &
AR, WFHH RGN BCE
5BV TAE, relay@mail.xjtu.edu.cn;

—
v"
THEHE(1987), B3, Wit WF5ITR

%T’iﬂﬂﬂ" M RGBS, wxinba@126.com.
(RfERE 7))





<<
  /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


