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Abstract: In order to avoid on-site excavation during the fault diagnosis of the substation grounding grid, a method
of grounding grid fault diagnosis based on magnetic field distribution characteristics is proposed. This method can distin-
guish the types of grounding grid faults and achieve accurate positioning of fracture and corrosion areas. This method com-
bined with Manhattan distance theory and physical methods such as increasing the amplitude and frequency of excitation
current, it can quantify and amplify the grounding grid conductor faults characteristics. The calculations show that the fault
type and area can be judged by studying the distribution of the fault grounding grid surface magnetic field and analyzing the
distribution characteristics of the fracture points and radiation points; the fault characteristics can be quantified by using the
corrosion and fracture characteristic values, and the fault characteristics can be amplified by increasing the amplitude and
frequency of the excitation current. These methods can improve the accuracy and efficiency of diagnosis. The research re-
sults provide a theoretical reference for the fault diagnosis of the substation grounding grid.
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TEAE M A M A EEERANE 7 (0) R .

P L7 (o) TR, Bt Al H SR A 38 3G R, M A M
BT RS 24 100 Hz<f<3000 Hz i M, Fif
FEL AL A0 38 1 T B0 (RL R PR K, >3000 Hz Ji JL 1

AR S, 24 f>4000 Hz J& M 385 5 iF— 25 0 2% 1 fa fa
IR RSy N 1] 3 S S S A 2 e LS
AR /N AVAE 1000 Hz<<f<<3000 Hz i WA 140, {H 4%
PRI AT M 3G “BERE ™. 4 f>4000 Hz J& M /175
LWINL Y ET =Y

ARG P A 1 PR« e A R e AR PR AL
IO, LA B 22 AR TP T R R T, DR 3R R R
LA PR P AL LA R 2 | SIS AR AR AR NG |
1 T FR B/ N B AR S A Fl A 5 2, Rk L
I3 8 e P YA 2 S 1 B A P O 2 K, B4l B
BERMHEK . F3 8, AT B Fl AT AT R T AR R, A
SR N LI ) R AR AR . SRR R 1 R
AR A5 b 0 T B RS R O R ) 5 AR RS
PRI DR A =2 TR A 22 B /)N, L P A 238 A v 12 2 B
VNN 1DV SN]SR Rl e ey B G
T A R AR LA, TS 23 I F AT Fry 1
NI SN N A A = I R (U I I N7 N
4000 Hz Ji5 , M A1 M AR HTEa TR E

25 AT L T R 238 1Y) AR B 2 5 | A A
O by 25 1 3 1) A2 A , 2 T 2 R AR A MR M TR

JIN AR SO b I R ) 43 BT DA AR E AR T
TSEITAR B0 M MR S5 RRUE” 25 A H L iR
(BRI 2028 W% S 25 bR e IR U2 ISR % &
A 5 B4 5w D) X0 RS B IR JE R, (H S B
A5 5 ok 8 3 o U] A Ay R HEBR FLA 5 5 09 T4 g
e —E R EAR I A v . 255 8 MR MR
T84t L S A RS A BT VA A AR A R A L R
A DL S HE 3% b X 0 DX 3 PRy At H AR 1 TG 3
Xof s B P A DR 2 T S AR S T S
A% HL 100 Hz~2000 Hz 2 [8] ] 2 T2k .

4 XIEIIE

SRy B TR AR SC T B 1l X a2 W T D R T Y
LA FE R AR s R A T T B . 7 et 2 b IR T
LR 100 mx100 m, 3 1 2% B 4 0.8 m, T 14 A4 & &
60 mmx6 mm Y 5% 5 i 2 , L FH 20 1.78%107 Q -m, AH
X 5% 0k 636. 3 3k B A7 I e K S T P g
AT ZE 54 R K RUZ 254« 1 )2+ HEJE B 2 m HL B R H
92.5 Q-m, 2R FHRK 250 Q-m. 42 LA GN
K 8(a)Fi7s .

A 20 (5) IR AT A5 bR 2 £ 5 B R A 8 IR (A
35K 78.625 Qom 1212.5 Q-m. 1 07 H AR BUSE U
12 Hb I 114) s e R 7 53 A, SR 5 6 HR G s AL T NI (L 10A
A2 2000 Hz (1) 55480 HL U , 1 FH ok 00 w3 1] )
R REIRE  REH AG R Y A5 R N 4% B AR
A8 VL R LI 51 W 555 2 5 DU AN ] 8 () Pr 7 . [
8(b) 4 H T FE L 121 A NN A5 b 3 10 3 e 8 G i o
BRADLEL 5 5 B 0 {1 2 22 R 246 X . AR S 6 1 4t
O SHE A7 AN [ 55 o 1 50, (A AR 135 B, (5 5
DA AH 22 88 52 0.003 mT T 52 AR A 1E 8 RS 7
BT REATE SRR, T o6 et —25 W

P &1 8 (b) W] 1, 1 2 0 7 ) 1 A S AU %) SO0
S5 N 17.18.45~52 .74 .85 .96.,107 . 118, Ff 43 4ii 1)
X3k =2 A =42 (0,40) %(10,40), (-30,20) 2 (-20,
20)F1(20,-20) & (20,-10) , INE 8(c) FiR .

R BT = A XA 2 IR B 43 ) 15 =
20 my=40 m Ml x=20 m = Z WML | X = I 28 3 3%
WS A AR AN AT X L . R T R AR T A 4R
e I 2SSO U A S R I e (BB 5 A 10 m, X H 4
K 9 s .

& 9 AT, y=20 m F1 x=20 m P 5 WL £6 |- 4 b
FEWE 7 I 5 SE RS TSR L, SRR K
TR E B FBAR , ELD% R BRI A R85 K . y=40 m WL ZE | 1)
b 0 b ) B S5 T S (A AH A T RIS, (ELRAAIG A i
JEE RN RS B AR X /N . AR R SCRIA 21, n R 412
W y=20 m Fl x=20 m P 5% W8I0 £ 5oF 17 (14) 2% b 4 7 76 By
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LIRS, y=40 m WL Z 6T N7 F) S M A7 8 Tl . el
TG B AL SR 10 m, T RS TR
114 AT 8 R P IS S 2 B R AU (LT 32 S BGH g Bt

(e) 2t I R T 1X Jok

P8 e [ AR TR R H e s 7

%18 B / mT

T35 BE / mT

137 5 £ / mT

-50 -40 -30 -20 -10 O
X 71/ m

10 20 30 40 50

(a) y=20 m LR REY 75 A
0.06 R
0.05 R
0.04 R
0037 —— LV MR A 1
002} —— SRR IR O FE R M 1
001 P

-50 -40 -30 -20-10 0 10 20 30 40 50
X AR/ m

(b)  y=40 m WD Hh K37 53 A
0.06 m————F—F—F——7—7——T 7T
0.05
0.04
0.03

0.02

— DIEITE R R A
—— BRI R MR R A

0.01 =——
-50 -40 -30 -20

(e)
&9

RN HER 2T .
3~ 5 FR 43 MW 2k =20 m Fll x=20 m i [

-10 0 10 20 30 40 50
y H I /m

=20 m WL 26 Hh R 0E 3750 A

=L b AR 37 92 N A5 L3 A 45 20

DX 3k 7 AR AE . M 0 T B4 SR DL KU I 28 y=40 m i
i DX 3l JO Do R AR A M 5
%3 BFEUSEE(nT)
L
0.1 0.2 0.4 0.6 0.8 1
J# (m)
Md'( mT) | 0.00875 | 0.00907 | 0.00936 | 0.00959 | 0.00987 | 0.01013
4 BFBUSEE(nT)
]ij’rﬁd
0.1 0.2 0.4 0.6 0.8 1
JE (m)
Md’(mT) 0.01002 | 0.01024 | 0.01046 | 0.01059 | 0.01072 | 0.0111
HAEIIZ TN EE R 0T 15, y=20 m Al x=20 m I 2L
2R - R X e ) T SR M43 518 0.00948 mT Fl
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R5 EHFEEMT)

JEMBRE | 13 3/8 12 5/8 3/4 7/8
M(mT) | 0.0037 | 0.0059 | 0.0082 | 0.0157 | 0.0212 | 0.0352

0.01033 mT, 53¢ 3 I 4 X6} FE AT HEN 35 AT 244 B 1
390 0.4 m~0.6 m F10.2 m~0.4 m. 7 y=40 m M2k
il 5 X ) S R AE (B R 0.0121 mT, 52 5% B AT HE0
X I R JE AR R AR S AR 1 1/2~5/8 Z ]

HRAE b A 12 W 245 L 4 30 X 4 Rz A7 B 1 42 b T
2, K y=20 m M ZE_-AFFE20.53 m (W15 ;2=20 m
NI 2% b A7 7E 24 0.26 m 1 W72 5 y=40 m ML 28 T A7 1E
242 m KA ol X, T AR AR AR 2 O IR
—2 AT U SEBRIE OS2 W ARG IR AR
SCIZW AR . (BRI AR iR e A A R T
422 PN 14 I R 1 AR 2 A T O L i A7 A, 508
T DX 3 11 A 39 PR PR35 A7 A [R) R A 1T BB AN K. IR 24
A I T R s 2 b D A0 B 1) it T A7 A R K 8 T A B
B AT A () A ST A SR T B . B A T i R b I
Jite T 1 7 5 i )2 A st U i A AR A ke R A
EE

KT RS AEAR SO VR A S A B N AN TR
49 725 B AT B 37 000 R I T, 52 % LA A R A
AR SCAE B TC 3R 2 A AR H 3 AT IR I o, PN AR
SCLRASCHR 20 ] r s 37 0 o 504 S 225 3647 6 LA B
SCHR[20]FP 7 =8 m Fl x=16 m W A4™ XI55 (14 1 37 548 35 48
TEH IR G034 BT AN B R BEALG, A0 20 4 I AT e A
FEJBS PR R . AR5 SCHR T 28 T S HCR A SC Lk oy
IR TR ARAS I DX S T R TR 2 2 A i oy BN
F 6 T 7, I EA AT 3 A0 TR AR 43 1)
7 0.036924 mT H10.0114723 mT, % B 6 FIE 7 — %
FRY 8 b BE S 43 9 24 S 1/4 R /N T 15, X 5 SC#Ek
(20 ] /T $2 (4t fg B 7 0 2 s e AR — 3

F6 EMASHEME (mT)
JEEREE | 15 1/4 1/3 12 3/4 7/8
M{(mT) 0.0236 | 0.0368 | 0.0501 | 0.0726 | 0.0866 | 0.1122

R7T EIHEHEE(T)

JERhAERE | 1/5 1/4 1/3 12 3/4 7/8
M(mT) | 0.0123 | 0.0268 | 0.0396 | 0.0521 | 0.0723 | 0.9887
5 #ig
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