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Method of Structure Estimation and Fault Diagnosis of Substations’ Grounding Grids

LIU Yang, CUI Xiang, ZHAO Zhi-bin
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, Hebei Province, China)

ABSTRACT: In order to estimate grounding grids’ structure of

substation, search the fault position and diagnosis the fault state,

a sine wave current was injected directly into grounding grid
by two existing ground lead wires. At the same time, the
distributions of the surface magnetic induction intensities were
measured. Then the structure of grounding grids was concluded
and the faults position was deduced. The fault states of mesh
conductor becoming thin or broken could be diagnosed based
on the distribution characteristics and changing laws. The
experimental results show that the method is simple and
effective, and it can be used in engineering practice.

KEY WORDS: substation; grounding grids; measuring
magnetic field; structure estimation; fault diagnosis

T A T HEWTAR B R (R G, SRR TS AL R B
RZ, AU BLAT (KN 51 AR B N IR S4B I
R o 0 R T I PEE 1K) 3 AT, A T L B 1 (K 5 4
AR B LK IS 88 35 (1 9 A R HE AT AR LG IR, 342 ) Gk o
Az, SRS ORI AR AR B EEIR A . SEIR T TUSE KR
WY, P rik e AR, AT TR
KGR Arbul; HR; RLINE SRR BRI
0 3=

AR Rl R O it SRR R B e T
MR A S, BERT LU SIS IS ER], 2
FR G0 2 T o R A T I W DA Tt
LU, IR DR BRAR FL s (R 22 42ia AT, DRt A AR
NVYSE-T LN & 7Sk 5 I L i)'
VAT 22 Ak BE — T2 BUAH S A P R T T EE AL

EemB: “+—h” BXHBECHENYERTA
(2006BAA02A20); L HL Jy oK 21 - A4 35 H (200912008) .

Key Project of the National Eleventh-Five Year Research Program of
China (2006BAA02A20); Project Scientific Funds for Doctors of North
China Electric Power University (200912008).

FIVF 22 238 10 ey 5, 70 32 M 000 8 - 3 e
ROy, EANEBERE, JHR T KRS AR, IF
R T BV S e e A T R, AT T
FISehruE, fErpE . EDESEME S, Tk
ALV T RL, B B GEATAEBR K, EI4R
P TS 214 J b 5T 4% AL ) SR 5 i R o 2 2 i
et R SRR R AN HE AL, S R I (B
HIPERERRAR, I,

T TS G SR B A O DT SR B R 2
S 22 e R AN EE TR A Sk
TR A 2% FRAG, ARORTT fik A% T ) L SELf )
BEAT T, A 03 g 0 e M I e 2 T F) v o7
FEVEATHE MO0 i Y, th oA 0 o ) e K T
(IR 5 AT AT W2, Horh, i 2 7
VEALE SRR TR B (8. IR L IR T
VARG R G2, A Ah, AR RHE R A A
LS M Y BE A TS TN, A I 2 3 1 e ) ) 4
2 5 I M 9 2 o 45 ) 5 ) AR A 7R B R 25 10
o AN SCHER I I BRI 7 2, W ST e H Y
BT (LT, S5 M M S 2 b ) (1 7 5B
GERIR TR, 0 B b I S Al bR A 0 A
1 EKEIE
11 fFEIE

S 0T e 0 45 ) 5 e B I T 2 S I
i o0 PR PR AR 1 e M 3 N AR 1 A
LR, T RN S, ) R N B P
T ZR UKD 2% b 100 5 % 2 B L A M TR
(ORI TR, ARG, MR T S B 8 ) 230 A A
TR ARE A 5 b X 10 5 060 OO s S AR FRD AR 6

Sy T U D A T e e D 4 g % e 8 T £ D v
FUSEE, HEATRORLOTECUE5T . A8 v b 42 i o0 P 137



114 S R <E 1 R R = SO 4

30 4%

IIEE T 7 O E B s . AR SN FH R 41
FER P b X FE Mk B 23 BT A, P2 W I R
EAT S TR IS o I R S T S R H B 3
W, DAFEHE T4 F A AR A T R K, mT BAS
IR Beb B R . bR HAT S AT R UK
B AT, HoA R CE RIS R ER, L 1
JIT 7 B2 ARSI g 451, KSR L 1] 43 04 11
WEH S4A, MR SAK 100m. B 12mm,
R 10m A — AN R B TR 10 B,
Bt SAAHBAZE A 1.78x 107 Qm, HXHESHE R
200, IR 0.8 ms W LKk 2 2,
B 1)Z)E5m, FEEHBHZEN 80Qm, 2 2 HIE
L FEL % 24 200 Q-m.

ML L R B(50,0) kb E N IE 5% 9% FLIAL, FLIAL
FREERh 10A, N 380Hz, M AL A(50,100)AbHl:
. VLA R LR W x=40m Al y=60m
PR 7] PR R Jo I 58 JEE 73 R B R 23 A ki, o1
AR 2 BT o B 2 AT DL H By 1 20 A1 A

100

A

T

50

y/m

B
0 50 100
x/m
Bl #EtmEITEER
Fig. 1 Asimulation calculation model of grounding grids

0.3
L 02
=
ﬁ“uuuuuou U
0.0
0 20 40 60 80 100
x/m
(@) y=60m 4b
0.5
'_ —
2 03
= N ,dﬁJ\\
0.1
0 20 40 60 80 100
y/m
(b) x=40m &
B2 ByHINT

Fig. 2 Distributions of By,

FEART HL ALY N5 e )t ) b 2 TR 2030 X 3
By IMEH R T EH T AB BE SR HL Iy ) () MO 2R THT
By IR oA, FF T R ARAR G A4 b 2R 1 H IR
—ANEAE; CPATT AB BUSAR R TT I 1 AR
i, By MRS, IEHIENL R, AELERA
B S B T (R 1 Do

Sh T TSR i R A g T A Bl B 2 T £ )
W, T BT e b T4 S 7 0 W 2 s e R B
U | R R TG I AR A AR RVRFAIE . AR SCAER
WIURMER R 1) B 1 i D(50,50) 5 ki C(50,60)
Z A SR EAR R 4l ) 6mm; 2) |8 1 71 DC
BESRE AR 3mm; 3D & 1 S P(50,56) 4k
HEL—A Tmm BN 3 Rl B A 5 3 i kA
TSI By v x =50 m Ak ()47 FLoH 845 R 3 o

: 12mm

0.25 wssif m%ﬁﬁ
(A 6 M /
s

iE! \
o 0.15 0

R

0.05 l\%ﬁr*

30 40 50 60 70 80
y/m

B3 HERIRE AR

Fig. 3 Comparisons of the By distributions

11 3 1) UA H, et S B AR AR 41 )
VSRR IV 1 2 TR PR RS N DI B2 By B9 W) A 1 %,
TEARSCATFLAAER, 290 50T, $H ) AR fi
HIL— MR, B 3 E B IR, BT %
LRI A R, BB A B s
HLJR AR AR e, 1% O I 3 T AT X R K
IR AR S o DRI, AT DA 38 e o 22 s 4
SIS IAR TS g A PAT TGRS 1] A3 T
TN 0 73 b I Y R R AR Bk, BT AT AR i AL
PN (- AR AR B o
1.2 W ESHHERTBYFIRR T

FEF b I P 2R R I, R M) Tt 34 1 i J I
JERIN &, AR TE BT R AR R T ) RS
WA AP I — R AR R AR ALE R, HE BT L1 B bt 1 ) &5
Koo R N RIS, 0 x ATy g )
2 o i 3 TSR 5 EE R, RIS T B
WAL AL B AR, AR 20 AT L ) DA S L 4
Hu AT TG AR LR AR R A ), 0 T 2 e e A )
G HEWTH R AACD IR 1) J I B 0 R 7 2%



5 24 1

RIVESE A St b o) 45 4 W B B 2 W 1 115

SIS, 1 RN S R DR
Wis 20 BLRLRIEA s 0 S 2% A b i i B — A
AR s 3) 21U x A1y J7 [ag e s 2
SRS, JFids LR I B AR bR, AN JT 1)
Wi 2~3 A 4 WRIENELEGE, bR
JE 5t 2 WA A FRD A7 T A B S T HH e 1Y (R 26 4 2271
H 2 R S5 R ]
1.3 DRt SRR AL E ARSI PRI A
MR 1.1 AP AT AR IEERSOUR, P
AT T RS 1] 1 AR T By IO AR 22, — ik
AN RAR TR k% o 243 ) 5440 Jej 8 L ™
A M R T R R T N 5 A 4R
XA Bk HERVE R AN, etk 3
PRBRBEIRAS AN, 8 T IEH I A7 AT AR, Xl
AWM T HE . skEEZW b B O il
BRIP4 R 51 RL, B RE N — g AR
MIIESZ B, MR R GERERE S ML, M
BRI R RS E SR REEE; 2) B3
AT AR 5 PR DN R AR G I /N, e A
M T PR SN 9 TR A S N N R B AR s 3)
T AR PRI A, ST o] 5 T N
JERREAR TP AHFAL s 4D R S5 R BT 0, AR
T SR P 88 FEEAT T W S SRAR M LA AR A,
AN T X 2 A e o AR PR A R

2 LRSI

FEARAR ) K2 A X AR S et |, ik
PR 151 SR A 300 Hz (1) 1 549% Fit, b
KPR K RN 100m. 775 N B /NI
WERG MM ESE, WERELEE, G55k
HEHAREMEZA T, TP, DORiE AR
HSE RS, ALK 4 FoRAARRZR, 55 0(0,0)
HHIREN SE A SR, 05 Q(18,24) A Lyt il
Hoale BT b, BENLIERE 2 AN E, Wil 4

A

24 39

20
E
>

10

0 © >
0 10 18 25
x/m

B4 RENSEILIRR
Fig. 4 Coordinate series built by injecting point

W x =10, 25m [ A B 2k, DA y =10, 20 m [l
HALEL, RTINS/, 75 W SR T3 T R
TR B8 FEE PRI A A AR, IR VR 5
IR L R = NS 4 ¥l M S0 A VA DS
EAFOT AR, T DA St B B e XA 3 f, 0 4
B 6 .

-

E5 #WiaNERE
Fig. 5 Measuring method of magnetic field

15
iL—x=10m
1.0 i
I
= i
Z oo
o l' 1 h =25m
05 I H
' AU PR
! Vg [
SRS AR AN
v 1
0.0 ——j\/& LA
-10 0 10 20 30 40
y/m
() W x=10, 25 m Pi4cER, HBRI y 7 v R 88 7+t 4 A 155 L
1.6
12 y=10
ETZ 0.8 y=20m
[a1] , i
Y viviviy
A":.,,.:‘ \f Agj ;
0.0 - i
-10 0 10 20 30 40

x/m
(b) #ry=10, 20m P42k, Hh LT x J7 ) FA S I 5 B 42 43 A 155 D

E6 mMAHNELER

Fig. 6 Measuring results of magnetic fields

Hil&l 6(a)r] LLHENT, K4 1y=0, 6, 12, 18, 24,
30m HIALE AL, AAAERY S BT AT k.
6(b) I LKW, P4, 7 x=0,6, 12, 18,24, 30m
b, FELEVS KPR B S0k DRUE, el 4 A
FraF, BLEUR O(0,0) 4546 £, 70934 th s /K-
HURE 7 1) (1) AR AL E, IR 7))
TR F L W 2516 P o P17 (o) Ay e 9 SEZ o i 15 6
25 TR TIATE T L R 2 . 09 45 Ay 5 52 o i 8 T V00
A3, UEB T AT I S5 4 R IR IR



116 OE B AL

T ¥ Rk

%30 %

30

24 Q

18
£
>

12

0 6 12 18 24 30
x/m

(a) FUKT H A2 b ) 5 A4 1]

B 7 EHMLE
Fig. 7 Structure of the grounding grid

3 R W ER P SCE

BEADL B b o8 e B2 12 T ) S 18] 8 s, 7
E(0,0)4b [z b33 N\ 300 Hz 1E543% FLiE, it —
Z1 100 m AR R SR, MR F(0,30)4b 5[], 4
Bl 8 R T/ o TSI N HL ORI B R Y 2 4
SRR B, WIENHR) 20 A. 7E 5L M(18,16)
b, A 3 FPERBEIRASEALL: D B — AW
2) I EAE Lmm 18T Rk DR 3) Wik
AbEERE 1 1 QH.

FEFH ) IE A 3 KGR FEIRASSE 4 PP oL T,
PR R B RESHOAA, AW &N

BB RN it B U B R 4, Wy x=0, 3, 6, 9, 12, 15,

o F
3

24

18

EXE

y/m
<

12

6

\u
" E 6 12 18 24 30
x/m
E8 MREIRFAEEE
Fig. 8 Experiments of simulating faults

18,21, 24,27,30m [ HLL, WEFEE T y 5k
b THT PRI RS N 53 S 7)1, RO SR B A AR o AR
P B, 45 ) b R T R SR N, B T S Ay
A, Wi 9 Frr.

By/uT

B./uT

(b) A P AbS AR

B./uT

By/uT

(d) WrHAbdN 1Q R

B9 HE@EEIHSH
Fig. 9 Distributions of the surface magnetic field



%5 24 1

RIVESE A St b o) 45 4 W B B 2 W 1 117

M 9@) AT WL, LW IER LU, XY y
J7 TR S H b R (1) b T RS N B R Ay e, AN
ARG TN B % % . AWK 9(b). (). (d)
IR T X IAL v A E, B4t sk e S, R4
SV x=18m. y=12~18 m 43 L T B S i k%
AT DL 0 12 A B 1 X ) s SARAE AR Bk . h T
PRz W g L SEPE, 0 S50 Hh 1 4%
AR R RS AR T S0 5, S x=18m &b
b TGS Y 5 B A A AT AT LG, S S B R
X LE i 10 fios .

M 10() ] AE H, ek b IEH ISR,
PiBa RS 85 REEA 3, NMEEHERAE.,
Kl 10(b) F1(d) " y =15 m PFFIT X 38, 742 kg L BT
RORPEE RS, MO IR BRI, LT
h 2, IR A YR AR . ] 10(c) T 45 R
KU, e SR AR A LT, AR

0.4
0.3 / i
. i -
P
50.2_,—'1 Pt \\:,\N Faeng
& I,—\_ - 7../ ¥ "\\_\_\-\ <~
0.1t Sl
, AN
0.0 ;
0 10 20 30
y/m
(a) HEth I IEF T
0.3
[N\
02b— . e
= ' NN~
E. re~ 1 \
o 0.1 ! g/a\ /
SN
o AN J / |\
/ AN I
0.0
0 10 20 30
y/m

0.3

0.2 HF‘\/VJE IJT:P“ .
Se LI
/ \

By/uT
N
\'
Z

/
0.1 SEIgy--

0.0==
0

y/m
(c) WrIAbH 1 mm 4 S 823 bz
0.3 .

i
\/J I"?‘Y‘CCL\
-‘\{-;"V\

[ ; L
/! /
L d D~

10 20 30
y/m
(d) Wriabde N 1QHHE
10 EEEHESERLLR
Fig. 10 Results contrast of experiment and simulation

0.2 pomr

By/uT
< .
5
3\[
=T
—

0.1

0.0CL
0

TR iR P B, R R T 0.1 0T, FRENE
FELEWrOIRS D, R EImAIRA € 25, Kkt
PN Tmm Hl L, AAAERR AR, T
HAMAIN R RE, HSCh 507 H AR RBURTT, #
LT BRI

S W 5 7 L S 1 S o R A O A
5 R AR AR AT, YAk T AT S22 1)
FIATPE . RIS, ] DUAC B S0 45 R £ Je) S B
T/NIBRE EORE, XET: 1) HEREEAGYXT
Wi 25 A — 8 s 2) S0 W ko et v 0] /s
AR wRL, AR RS L B i 2, it
R MER S o H T LA P DR 5 LR PR
RACER I N, R IR 53R JBE 1) AR 7 A 5 Wi A
Ko MANSXHE W 8™ A5

4 g

ARSCRE T AR T AR N S S A (D 6, 2
TAERI P AR FN G DL B 5 B $2 Hh ) 45 A A
2 W4 s 1o 85 s S A B IR S R B PR R AR T
MEDBR . S SO Rk A RAR W], ASCRE s
AT ARG AT TRESERR

S0k

[1] Zhao Zhibin, Cui Xiang, Zhang Bo, et al. Analysis of grounding
systems in multi-layer soil with finite volumes of different resistivities
[J]. Proceedings of the CSEE, 2004, 24(9): 218-223.

[21 &&Ef, SCodd, HFy . RRAR H b I A S K 4
HVF[]. AL CREAR, 2003, 23(12): 89-93.
Lu Zhiwei, Wen Xishan, ShiYanling. Numerical calculation of large
substation grounding grids in industry frequency[J]. Proceedings of
CSEE, 2003, 23(12): 89-93(in Chinese).

[8] 5K, REFH, BGERK. TR s e AR W P e ) B AR S A
FHED]. PEEYLUT SR, 2005, 25(13): 144-148.
Zhang Bo, Cui Xiang, Zhao Zhibin, etal. Numerical analysis of the
grounding grid with two-end grounded cables[J]. Proceedings of the
CSEE, 2005, 25(13): 144-148(in Chinese).

[4] sk, BEFH, BERE. KBRS M A SR A TR ].
[E AL T R4, 2002, 22(9): 59-63.
Zhang Bo, Cui Xiang, Zhao Zhibin, Analysis methods for substation’
grounding systems in frequency domain[J]. Proceedings of the CSEE,
2002, 22(9): 59-63(in Chinese).

[6] KU, AL PSR R B v 7 T L HI[D].
fisE: HAbH RS, 2003.
Zhang Bo. Research on the numerical methods for electromagnetic
fields of substations’ grounding systems in frequency domain and
application[D]. Baoding: North China Electric Power University,
2003(in Chinese).

[6] CIGRE WG 36.04. Guide on electromagnetic compatibility in electric
power plants and substation[R]. Paris: CIGRE, 1997.

[7]1 IEEE Power Engineering Society. |EEE Std 80-2000, IEEE guide for



118

A L

% iR 30 %

8l

[0

[10]

[11]

[12]

[13]

[14]

[15]

[16]

safety in AC substation grounding[S]. USA: IEEE, 2000.

Zeng Rong, He Jinliang, HuJun. The theory and implementation of
corrosion diagnosis for grounding system[C] . |EEE
Applications Conference, Pittsburgh, USA, 2002.

HuJun, Zeng Rong, HelJinliang, etal. Novel method of corrosion

Industry

diagnosis for grounding grid[C]. International Conference on Power
System Technology, Perth, Australia, 2000.

XA, BEKAE, BRoGiR. HHb MRS MO ). A
JEHA, 2004, 30(6): 19-21.

Liu Yugen, Teng Yongxi, Chen Xianlu. A method for corrosion
diagnosis of grounding grid[J]. High Voltage Engineering, 2004,
30(6): 19-21(in Chinese).

TRIEFY. W) REHHMBIEISWII]. W) RS I AR,
2002, 14(10): 48-51.

Zhang Xiaoling. Fault diagnosis of grounding grid of electric power
plants and substations[J]. Proceedings of the EPSA, 2002, 14(10):
48-51(in Chinese).

X, EHEPT, AR SRR RS S R
TRV, HE AL LRESR, 2005, 25(3): 71-77.

Liu Jian, Wang Jianxin, Wang Sen. An improved algorithm of
corrosion diagnosis for grounding grids & its evaluation[J] .
Proceedings of the CSEE, 2005, 25(3): 71-77(in Chinese).
B, el RIER. B b5 RS TR RRHT
K. mHEEAR, 2005, 31(7): 42-44.

Huang Wenwu, Wen Xishan, Zhu Zhengguo. Development of the
diagnosis software system for the corrosion and the broken point of
the grounding grid[J]. High Voltage Engineering, 2005, 31(7): 42-44
(in Chinese).

XRE, SEEE. W) RGN MR R ek 2 0]. s
JEBA, 2003, 29(6): 47-48, 51.

Liu Qingzhen, Cai Jinding. Fault detection of grounding grid of power
system[J]. High Voltage Engineering, 2003, 29(6): 47-48, 51(in
Chinese).

s, Seodh, Wt Tl o R 2 B S 0]
F A, 2007, 33(4): 83-86.

He Zhigiang, Wen Xishan, Pan Zhuohong. Novel algorithm for fault
diagnosis of grounding grid[J]. High Voltage Engineering, 2007,
33(4): 83-86(in Chinese).

Y, PO, AEe . o b BV TE AR Lt I S ki B
M), s ERAR, 2007, 33(7): 199-202.

Peng Long, Guo Jie, Li Xiaofeng. Application of micro disposal
technology in diagnosing the corrosion of grounding grid[J]. High
\oltage Engineering, 2007, 33(7): 199-202(in Chinese).

[17]

[18]

[19]

[20]

[21]

[22]

Zhang Bo, Zhao Zhibin, Cui Xiang. Diagnosis of breaks in
substation’s grounding grid by using electromagnetic method[J]. IEEE
Trans. on Magnetics, 2002, 38(2): 473-476.

Dawalibi F. Electromagnetic fields generated by overhead and buried
short conductors[J]. |IEEE Trans. on Power Delivery, 1986, 1(4):
112-119.

XUFE, FEHL, BRI, BRI P I N S B (A F sl M I s
Wi [0]. AL LR AR, 2009, 29(4): 97-103.

Liu Yang, Cui Xiang, Zhao Zhibin. Method of corrosion diagnosis of
substations’ grounding grids based on electromagnetic induction
theory[J]. Proceedings of the CSEE, 2009, 29(4): 97-103(in Chinese).
XUFE, FEH. WU R 5 12 AR Rl B M AT ]
AR AR, 2008, 34(7): 1389-1394.

Liu Yang, Cui Xiang. Method for diagnosis the conductor broken
point of grounding grids in substation based on measuring the
magnetic induction intensity[J]. High Voltage Engineering, 2008,
34(7): 1389-1394(in Chinese).

XUVE, FEF, BRSO, DVHTBEHUAL BB A AR Fi sl s P A )
bR B 5V HP]. T E AL TSR, 2008, 28(28):
18-23.

Liu Yang, Cui Xiang, Zhao Zhibin. Design and application of exciting
power for substation grounding grids testing system based on
impedance transformation technology[J]. Proceedings of the CSEE,
2008, 28(28): 18-23(in Chinese).

X, AR, RO, AR P IS A R R G v
SN HN]. B TR, 2009, 24(1): 176-182.

Liu Yang, Cui Xiang, Zhao Zhibin. Design and application of testing
magnetic field system for corrosion diagnosis of substations’
grounding grids[J]. Transactions of China Electrotechnical Society,
2009, 24(1): 176-182(in Chinese).

kS BHA: 2009-12-24.

E&TEN:

XFE(1970—), 3, i, mIEgR, MdidR
B KN AT, hdwlly@163.com;

FEFI(1960—), 55, ##%, WLAESM, MWF
R FLR LN R AR AR . B R
SO HARE . B RR I E AR, x.cui@
ncepu.edu.cn;

BEM978—), T, Wit RIHIR, MFH
WA BIE K ILN WS, 2zb770917@163.com.

(RfE%RE KER)

pUREE



