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Grounding resistance measurement method of large
grounding grids with short current wire

LIU Yu-gen' , YU Xiao-dong' , SONG Zi-nan* , SU Yu-ping' , Tian Jin-hu'
(1. State Key Laboratory of Power Transmission Equipment & System Security and New
Technology , Chongqing University, Chongqing 400030, P. R. China;
2. Anshun Power of Guizhou Grid Corporation, Guizhou Anshun 561000,P. R. China)

Abstract: The 0.618 method for grounding resistance measurement has long wire lead defect. By
calculating and analyzing the ground-potential of a large number of grounding grids which are different in
shape, area and rod-arrangement style using computer numerical method, it presents that the grounding
grids can be equivalent to disc shape grounding electrodes. A new method of grounding resistance
measurement is presented that taking the current-electrode wire as long as the longer side length of
grounding grids and voltage-electrode wire as 0. 509 times long as the current-electrode wire. The
measurement accuracy of this method is testified by experiment in field. The proposed method has much
shorter wire than 0. 618 method, it is suited to grounding resistance measurement of large grounding grids.

Key words: grounding grid; grounding resistance; measurements; numerical method

FIAG TR R ORFH 0. 618 it & 4% Hy 3 12 P R 52 A i 0 S L 3 AR S s ARG XK 2 B
PO Y He st L BEL O TR SR R B R A CE T IR R — R G YRR IS s 1) A 2 R A 5 2) )
PRI 2 A~5 A R X LRI BER 7 . ki G2 SRR L D BT R TR A AR R

W AS B #1:2009-06-28
AeR B EHEARBELE DT H (59677016)
A F A XIEAR (1963-) , B T R KA RN B2, FENE o KRG H R S 2 RWF5T . (Tel) 023-65103183 5

(E-mail) cd_yugen_liu@ yahoo. com. cn,

http://gks.cqu.edu.cn



% 114

XV AR, gE AR A A R A AR M R AR H b PR GG ok

P 1A 7 0 Sy PRI 5 3) SR 4 A i L 4R
S A DAy ) L A AR P R T A | R SR R A5 HL L
Wi (3t PR TR RO BIF P e N 5 R o A
i R TR b IR 2 M WL BEL Y 7 3 B A SR S A
FIBLSE 3

1 B3 W W4 A HLAE RS AR

1.1 # BN F A e LB

0. 618 3 iy JL Atk J2& 45 42 Hb Do 45 4% ok 2 BR B2 1
Ao T 722 FL ity 1 422 b I R 22 02 A 2% AT L TR
WA TR S R AR 45 7 o FAT 76 1 00 2 H ) 5
ol B LR 22 TR A A U B R R B T 8 M N A RE S
RN ERIE AR . PRI, BIF 5 4 P R A ) R
2z 1t 00 422 by P, BEL 1% 5 1%, T Sl 0 AT 9 L R 1
73 A R o S 57T 1Y) 4 b D) S A 4 A
1.2 RE 3R 6 b5 5 A LA

AR A5 22 P, > g i B 8 SR — 5 B 42
N BN EN N S T e A N TTR PN 2 N D W R N
B REREAG K, F R X LA
[FTE R B AN Tl A 8 7 2 i) 42 b 90 st T v Ao i A7 3 58
BT A A A . T SE PRz L R AR K 2 7
B BCE I ARLT I e BT L AXOR TE J7 T 432 3 9 A Oy
T2 e Hb D) A TR 5% o 42 b P9 i T P 47 >R PRl DG R
STF R W S O B R T O R R R TR
22 1 I S A4 43 B 1) JELREL S BB T B 0 Ml ) AT B — A
RN VAR
1.2.1 BB &E L5 & AR

WIE L MM E LR 50 m X 50 m, + 48 i Bl R
250 Q + m, A B RN 10 kAL A2 H X 34
Gk K AR R 0. 01 mL HLE Ny
0.6 m, M AN 8 REAR 0,04 m K 2 m (1Y
B« 345 43 A 70 R 3 2% . 43 )R S B R v
D0 B4 TUA 22 1t ) 0 456 35 H 45 AR 0043 ) R 5 <55 X
10,10X 10 =i B0 F 45 ] BF 5 8 45 [\) R A 2 A
PR 5 J0 T A 12 ) (Y M A AL AT
mak 1R .

A1 50 mX50m XM AR A EF X T oy

s/m UV Unin/V AU/N g%
0 23 636. 35 19 491. 43 4 144.92 21.30
10 12 526. 68 12 264. 29 262.39 2.10
20 9 406. 34 9 324.57 81.77 0. 88
30 7 560. 96 7 525. 39 35.57 0.47

1281
231
s/m Up/V Upin/V AU/N /%
40 6 328.81 6 308. 35 20. 46 0.32
50 5 446.03 5421. 64 24. 39 0. 25
60 4 779.57 4 768.08 11.49 0.24
70 4 259.79 4 251. 34 8. 45 0. 20
80 3 842.88 3 836. 48 6. 40 0.17
90 3 500. 90 3 495.93 4.97 0.14
100 3 215.23 3 211.29 3. 94 0.12
110 2 972.95 2 969.77 3.18 0.11
120 2 764. 83 2 762.23 2. 60 0.09
130 2 584.09 2 581.93 2.16 0.08
140 2 425. 64 2 423.83 1. 81 0.07
150 2 285.58 2 284.04 1.54 0.07

1 b, s R M ) A1 H A T SAL I B 4 b 1Y)
NGO IR U Ui 0B R IRTE s — 2
25 b, I b, T PR 7 R ) S RAEL S B /MEL . L 22
AU=U e = Ui s AL 22 A 3 9= AU/Upin s A
& 1] DA 1w AU ] A T SO | B OE T B
2 b D) 7 R A M ) 3 % AT 1) 67 b TET R A7 25 )
BE L T A BE B Bz W 3 2% 29 8006 Ml X i1 K (&Y
40 m) LG 45 SR A 22 BN F 106, ot 2 i, ik
ISF 08 L7 4 A R LA BL A O 5 4 b ) A D7 28
Ko WA [ T AR A 2 b I SR R TR AR 1) 43 A 7 3k AT
DIAS AL 45 36 o BP JC 38 22 b X 1) 7K OF- 42 b 5 1k
I 2 2 b W A0 e A A BB OE O TR Hb i 2%
80 Vo422 Hh [ 1 4 LA S5 o A (7] A B 75 2R 42 i ) 1)
T FE A 25 © /T 1%, B 3 T H 57 43 A T LS R
DSESE: 2 AL KR v
1.2.2 KFHAERWb&E 5% AE

WK M AL 100 m X 50 m, & 1
JiR s AR Z 805 E IR [) o BCH 3t 9 300 25 v Dy A
B JE A VA T M X ) e 1R R T
M BT ) 2 g3 Bl ST A . RS R DT
TV 432 1, I A ] §94) 53 Ar J7 125 R AR M 5 P A 2 7 5T 5
MRS T A 22 Al SEE B MO R, WA 2
B .

M 2 AT LUE . & 7 42 b X 5 R0 IE 5 R
22 1t O R BL 1) P ASE 0 A R A o T A ) TG AR T
DI RAE I 4508 .

http://gks.cqu.edu.cn



1282

TR X ¥

a1

F 2
B1 k5 BHmamesiiitise

20
15
10
5
0 1

20 40 60 80 100
20
15
10
5
0

B2 s@lb5m28nhs %4

n/%

s/m

(a)J7ii1

n/%

20 40 60 80 100

s/m

(b)J5 T2

1.3 B AR &M

WHT TR FERE B i b i % — e BE B Z )5 AT
VA 228 W%z 1, T 42 b S A A 8 XA AN ) 45 b T HRL A7
R i 22 5 o TR O A DA 3 TR — e SR %) 4 e O oK Sy
i JH 25 A5 b AR B A
1.3.1 EF BB MER LT

T8 b R K S T D7 I 422 b I b TED HEL 7 1) T SEL RN LG
B R WAE T3 T 42 b ) b TG R AL 43 A 5 DL K
T AR 1 (R 8 4 b AR 118 P S 3 A e AR AL 4
TFETE AR 50 mX 50 m.5 X5 F K-35 5 1R % (]
FRA A IR D7 B He 3 k9, 242 20 51 S 25 m GE T B
4 1 1 — 2 ) 1 35. 5 m CIE J7 T 332 b I % £
R —21) 1 5] 4% Bz M AR A BR 2 M AR ) b AT R
LN 3 TR .

MNIEL 3 BT L, 7E B M I 300 2% DL 5 0F T T8 4 1l
I e H o7 il 2 5 DA EC K R AR 1 T 8 b A 1) H
7 1 2 2 30 0 B e PR 0 B S AL > B R 0 2
2y 80 Yo 3t ) 1 4 I3 4 2 Wl 420 LA S R & O HE
ML AR RE 100, B8 IFE J7 1 4 b ) i e FRLL T L)
RENFEFEMZS . Ktk aT DO IE 5 T8 32 1 1) 55 3%
S DA A S A A (B A 42 b b DA T A 4 A 1Y
A2 Ok A8 0T 58 IE T TR 422 b I 1 L A6
1.3.2 KFHBERMFELELR

FTHETE AR 100 m X 50 m,10 X 20 AR 7K -4 Hb

SR S5 ) A A 5 R M R I 1B R 5 1) 1
57716 2 BT AL SRS SRR O 50 mo (B A 4
AR £ 3t v R AT LA AR 4 BT

* IR 25 He % (2 4235.5 m)

25 IEJ7 T 82 M (HTBX50 m x 50 m)
I B2 AR (F 4225 m)

20 ERBEHIAR (4225 m)

R HIAR (F4235.5 m)

0 5 10 15 20 25 30 35 40

KI5 T8 s WAL 53 A (O7 il 1)
A 7 T b X WL 2 535 (U 172)

150 58 i AR LS 43

1 1 1 1 1 1 1 1 1 ]
10 20 30 40 50 60 70 80 90 100
s/m

B4 KyWEEmmhE &R gL

AT 4 T K 7 T 452 4 90 S 7 1y 1 R 1) 2
(g e {57l 2 5 DL 1 A 1 TR 4 M R 1 o
197 2 W Ay AT (DL I o 25 B 725 1 8K L 9% ) i ok
I o AFL TE 5 45 4 19 R I B A 7 4 e I i
% 806433 IR K 0 K IR B0 42D 1O 3t o v iz 2 33
R BE5E 42 20 W, TR I T LA H K 7 T 2 i 9 62 2y
DA 334 B A 1 B 4492 A L 250 % 0 i 4%
FHEATIE M BT
2 MEELABABEALE

AR A AT 46 10 652 IR 45k 43 A 1%
P A M B T KB G A T C it
Dip Do 43 311 25 7% FiL, T W% 1 FRL 97 40 B 125 492 19 31 %

FOE T+ Dec 278 BB P55 IR0 AR A BE B - D [
AR . B R BN B AT R AN S R .

http://gks.cqu.edu.cn



%114 XAk, AN E I AN ERA BN W B LYk 1283
0.08 1 1
Dec VR
0.06 | 2
, Dep Dyc
o N ©
G P Cc
0.02 +
S HExarmnEhiB
0r 3 4 - —
L1 4 b 1 S B L R, Nt
-0.02 . !
Ro - ‘&7 (1) 0 05 1o
4r @

K o eI B AR SR IRIEL 5 o P A 9 3¢ M HL B
{H R 54 3t 19 5 e b vl BELAEL 19 22 5310 A

R e L b
R R ZTC(DPC D¢ rsm D(}P+r)°
(2)
S A L S e, BELE Ao =X (2) S T |
R—R, =0, 3)

FT I IE (9 43 BT AT SR A 8 2 b I 1 1 2 800
P R Z 5 12 3 R R R A LR A
T EL AR I 199 58 2% 3t A% P9 PR ASZ A AR B el KR 2
b O S5 5 190 95 He A o Sy R I S5 A% T A A L B
e D00 P A A Tt I S 8000 B I K i
K ULt 7 o 4 47 O A 5| 4R O B 3 I
#1K DBl :Dee =D,

% Dep/Doc=a ¥ Doc =2r fRAK () . F

1 —l—i%in ! r
200 —a)r  2r r 2ar +r

DA &S . 0=0. 509, H, Y4558
ML 5 6K JE K K D i, o iR 51 £k
KB R 0. 509D, B ] i 5 £5 2 B OS2 Y 55 b
FH.1H .

3 KM R e s R
% &

HIT AT 3] o 1 05 HE 5 3t 0 o m) L4528 Oy [ i 4
Mo AR AL 200 I B 25 R AT B IE . WK T
P 04 B T 5 A A i i JEE AT AR L A 4 i Y
AR . AR 51 R N B M K i D
HL AR 51 264 B8 S 0. 509D, WY IRl 1 7R Jr 1l 1 Al
J7 1) 2 g3 ) T e v B B R DL I K 3
KZIW o A 22 i B 5 R 22 0= (R.—R,)/
R, (R, #4502 B0 h S0 300 1 530 P 4 4 b v BELAE
B EAED D9 P05 A 32 b H BELI R 22 il 2
67 o

=0,

1. D=200 m.Jy [} 2 &5 25 dh £k 5
2. D=100 m,Jy [l 2 P4 158 24 T 48 5
3. D=100 m,Jy[m) 1 ¥ &322 fth £ 5
4.D=200 m.J7 o) 1 P &i 2 M4k .
B 6 KFHmigi s mn iz £ WL

M6 R i R A R K 2 B — R I A
] TR R 2 i o 4l e, BEL 00 45 2 22 1) ) 22 S # BE 4K
AN IFEL DT ) 1R A R 2E P U TS ) 2 ARG
ST TR AT T ) 1 AR S Ty ) 2
AR 22 RS 1006 2 X0 M oK SR AS
RHE AT L2 . Al UL, 0. 509 36 % F K 7 T 35
P [ e T o xRS R SR A s Tl L X
P 6% 22 il A BEAT 1A A B AR I R 25 Rk
ACRE
& =—0.1999¢" + 0. 1617w + 0. 0406, (3
Jrla) 2
& = 0.02560" — 0.0143w — 0. 0149, (6)
PRIk S e b R BELAEL TR A 2 5 0A
R’ =R/ /O +d, D)
AR, R 5T e b ) L 9 4 b L BELAEL s R A )
A I 2 A 3 1) 2 b R BELAE

4 RKIIEE

Shy 56 I T H 1 2 e BRIy ik (0. 509 )
P AR 1 5 S M L e R 2 A Bt R AT 00 A
HrE SR T 0. 618 3k HEAT T I A 6F B 0 4 4
m#E2Pm. £ AFRREMMWE LR (R, 5
B 0,618 3L M1 0,509 BN EE L5 . IFP AL
B 0.509 ¥k 5% 58 0. 618 T4 AH L I 5t iR 25 1R /)N
RCUEH] T 0. 509 25 W 8 A o 5 Pk L [ B 0. 509 3% 4

http://gks.cqu.edu.cn



1284 TR K F ¥R % 32 %
Hb 0. 618 ki Ha a0 A% T e Al 51 4% R b 46 4, il U= (1 I
£ 2 0.509 315 0.618 ike9m &4 R bk
0.618 0.509 ¥
4 A/m’ WE/%
Dge /m Dep /m R, /Q D /rn Dep /rn R, /Q
R 220 KV KATARAS o, 3 226.2X138.2 1038 636 0.36 240 122 0.340  5.56
WIS KT 450X 300 1620 1000 0.18 450 230 0.185  2.78
. L7 BR5eft, ERKE X AR . 25, 32 s M v 3 20 A i — b
5 & &

SR VBR300 308 5 X AN [ 42 3t o0 3l T+
AL TSR AT AT 0] DR e 3t S5 00 BLAR S T
Fe b P R S TR 5% 3 R ] s 3 e 0 [68] 3 45 t
A4 i FEL BEL 67 B 18 o A 2 1 BN R A 5
R M R R B L AR 5 R D 0. 509
A7 HL IR | R B ) 2 v BEL N T 3k e X
A5 P P42 e b L P 0 BRI T3 5 3 T Y
HERR I L [R]HZ 7 VR RO T 0. 618 kil 4 51 2 R 4
JL o AU 6 5 T 3 ] T At T T AR R R A 2k I
RE PR 2 722 L v 3t A 42 o v L 0y 00

BE K
[1] Bedeht, XM, & 55, b (M. K. F R K4 H R
#t,2002.

L 2] JEEE A0 us  J8 SO 2. TR0 M 1) 3z b v, BEL 000 ek 28 A3 Pl 9
FIBF I [T, & e R $E AR 2004 ,30(6) :67-68.
ZHOU XIA, ZHENG GANG, ZHOU WEN-JUN. The
development of frequency-changing power used in
ground resistance measurement of large-scale grounding
grid[J]. High Voltage Engineering,2004,30(6) :67-68.

(3] ffde B, Wi, w2k BR. H ) R G 3 b BE R W 5t JR [ .
M % .2004,25(6) :1-3.
HE JIN-LIANG, ZENG RONG, GAO YAN-QING.
Progress of study on grounding technology of modern power
system J ]. Electric Power Construction, 2004, 25 (6):
1-3.

(4] WRSCER. AN 95] 4 18 Hb 1) 45 b e L 179 B3 I 22 8 58 43 #r
B R TR 2R R T]. 2001,25(5) :504-508.
PAN WEN-XIA. Effect

grounding grid resistance in non-uniform soils [ J].

analysis on decreasing

Journal of Nanjing University of Science and
Technology,2001,25(5) :504-508.

[ 5] BALDEV T, VICTOR G, ARUN B. Evaluation of
ground resistance of a grounding grid of any shape[ J].
IEEE Transaction on Power Delivery, 1991, 6 (2):
640-647.

[ 6 ] MELIOPOULOS A P, MOHARAM M G. Transient
analysis of grounding systems[]]. IEEE Transactions
on Power Apparatus and System, 1983, 102 (2):
389-399.

it 5 7w (1. B R R %% M. B AR 22 1, 2006,
29(10) :16-19.

CHEN XIAN-LU, WANG CHANG-YUN, LIU YU-
GEN, et al. Simplified method for calculation of current
distribution on grounding electrodes [ ] ]. Journal of
Chongqing University: Natural science edition, 2006,
29(10) :16-19.

[ 8] ZENG R, HE J L, GAO Y Q. Grounding resistance
measurement analysis of grounding system in vertical-
layered soil[ J]. IEEE Transactions on Power Delivery,
2004,19(4) :1553-1559.

[9] CHANG C N, LEE C H. Computation of ground
resistances and assessment of ground grid safety at 161/
23. 9kV indoor-type substation[J]. IEEE Transactions
on Power Delivery,2006,21(3):1250-1260.

[10] ZENG R, HE J L.

grounding

Novel measurement system for

substation [ J |. IEEE
Transactions on Power Delivery,2006, 21(2):719-725.

(117 Fidde 2R3k, gl il 45, 28 B il 42 o) 42 b el B3I B8 55
Wk 525 kU] &oEBEA.2004,3009) :27-29.
HUANG RUI-FENG, LI LIN, ZHANG BO, et al.

Novel method for measuring the grounding resistance of

impedance of

the substation grid with short leads and the system

development [ J]. High Voltage Engineering, 2004,
30(9):27-29.

[12] LUIS A D, VALENTINO T. Simplified calculation of
ground losses in low-and medium-frequency antenna
systems[ ] ]. IEEE Antennas and Propagation Magazine,
2006, 48(6):70-81.

[13] GIUSEPPE P, MARIO L.

step voltages adopting current auxiliary electrodes at

Measurements of touch and

reduced distance [ ] ]. IEEE Transactions on Industry
Applications, 2008, 44(6):1896-1901.

[14] GUEMES ] A, HERNANDO F E. Method for
calculating the ground resistance of grounding grids
using FEM[]J]. IEEE Transactions on Power Delivery,
2004,19(2) :595-600.

C15] #ide, ML, WRouk. A8 Fi ol 2 1l ) oo 0 s 4R LT . 3
L R 5 34(10),2008:2205-2208
XU HUA, LIU LI, CHEN BIN. Discussion on
precision measurement for the
substation [ ] ].
34(10):2205-2208.

I

grounding grid of

High Voltage Engineering, 2008,

(R Z%)

http://gks.cqu.edu.cn



