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Measurement Error Analysis of Ground Resistance Using the Fall-of-Potential
Method According to the Locations of Auxiliary Probes
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Abstract - This paper presents numerical analysis of measurement errors of ground electrode using the fall-of-potential
method. In order to analyze ground resistance error according to the positions of auxiliary probes, firstly, national and
international standards were researched. Secondly, numerical ground resistance error of hemispheric electrode was
analyzed according to the locations of auxiliary probes and the angle between probes. Then, error-reduced positions of
auxiliary probes were shown according to the distance to auxiliary current probe versus ground electrode size. Finally,
error compensation method was presented. The results presented in this paper provide useful information regarding
ground resistance error of alternative positions of auxiliary probes in case that the auxiliary probes could not be located
at the proper position in such cases as there are buildings, roadblock or underground metallic pipe at that position.
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Fig. 2 Zero measurement error locations of auxiliary potential
probe versus auxiliary current probe according to the
angle between auxiliary probes
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Al

H

woy2e 28] A$ y3E 25 A$, y4E 5l A S
y5E 100121 A4, y6& 500191 A5 vERTh

¥ 4l HERH wpep o], MR zd=e] Holrh dF
HzAZe Zdolol 0618¥9 A HAF A, exrt

Atk 538 HAAT] FRe i AFHEAS A4
gl a7t oWl Ae4E A4uFrhd e AUt §438]
7takglov, nt

120
- LA I S S—
/"’— ¥
.-// y2
i el b | ya
yd
¥S
¥8 |

B

¥h
¥ ]
120 140 160 180

80 100
Degree(']
(@) E=d™37F Zt=7F 0~180% ¢ B

(@ In case the angle between probes is 0~180 degrees



' ¥l V’_-'.
50 | y2 :
y4 = Y.
V5 }
40 F
¥6
F ¥
3
&=
= ¥4
10 ¥5
¥
T 20 30 1] 5 G 70 £} %

Degres{']
(b) Ex=M32F Zt=JF 0~0% (@el 45 =)
(b) In case the angle between probes is 0~90
degrees(magnified image of (a))

el 4

= Vi )"1_ I
25 y2 |
v3
y4 |
¥s | : 1 ?
= ¥6 . v 3
£ ot PP
= 1
s
10 yd,
5
4 ¥
V6
L — i 15 26 25 30 3% ia ol

Degree(’]

(0 ExM=7t Zt=7F 0~45% ¢ d=(b)el &LF =toH)
(c) In case the angle between probes is 0~45
degrees(magnified image of (b))
a8 4 Exd=E 24E
I
Fig. 4 Ground resistance error according to the angle between

auxiliary probes : 61.8% position

Hatol| e FXINEL| 2%} : 61.8%2

HA A el Zgkel vls] oF 20[%] AA Ao HALH, a
7 100 A HAAFe] kel sl oF 10[%] AA A
o HAT) wkA, o] A dAH WA 7 vhgkA sk,
FollEol & A4S BRERAFD AxE HidsE Ao] vl

BRAIN 4EE 90~180% 71 S

o $le =3elgtd HAAFS x5 88~10[%] o=
5 &3h= 73—% HAAF qFEe g ﬁwi&ﬁ%«] o]
X =

o
2
o
i
N
o

3.3 2AEA : 100% 9 A

2% 5ol vebd ukel o] JA M S A AN R 217t
Aol Aet FAAFANA AFREAIAA A7t 22
749, BERATN 4wz (20E~180%)d wE e AEH S
o3 A10NAH B = 12 AT, FNAZT FR U

=1, 2, 25,5 10, 50

ro

AFRzAF oA o =
o2 WA EA Aie FPstgom 1 ARE 1Y 6

o et

HelZstiol ofs MAIN3

Hstol| we

1)

Rt

00k
s

1z

Trans. KIEE. Vol. 59P, No. 2, JUN., 2010

"ty

urrent Probe

! B=pP,/c, =1

% 5 deEx=x3Fo0l ©
XAl 2t stof wE x|

Fig. 5 Arrangement of auxiliary probes according to the
angle in case that distance to auxiliary potential
probe is located at 100% of auxiliary current probe

100% AHzloll =

CEESEE
b %

a9 69l yl1e gAAGe] FRBFIAT A

ol 4712 (Cy), a:£1ﬂ1ﬂﬂ:@%

7, 2r)el

Wk AFEEdse

2 ehiv, y2i= 2010 39,

91 A%, y5E 10M91 4%, y6& 5000el A5 vhekdeh,
a9 6ol Ve mbsh gol, AAAFIA ArEATF

Aol Adst FAATFAN AFREAZAA] AL 2

y3= 259 4, y4= 54

& A%, REAF A48Tt 00 e E SATE e
7] wie] k= Aeo] whEA e, a7 09 A= B
AT ZTE7) 289555%E%1 A f-olH, 289558 E Vo R
w7t BasAY SRS E AL SUbstd e, 24 Ev)
DA E Fghel vl FA Aol A Ve, Z4ET}
ST el Hla FAAGe] A UERET 53
AT R gqg dFREdS 017:‘7%34 a7t Ao
A HE&FE ZdrFrtd wE oxrt F43 Frhskged,
o2 o7t F55 4=Wstd nE gi}tﬁ_i}ﬂ E9E
th a7k 5% A$ REAFTH 4=UF 180% d w HA AT
o] Zgkel mla&l <F 15[%] A F4o HJor, art 102
A9 HRAAFG o] kel ws] <F 8[%] DA FHo] AL
ek, o] A9 BEAFNH 45E e 28955% #j X7}
7}%} vk shn, Aol & o BEASL 45E F

5 0 0 &0 0 120 140 160 180
Degree{’]

(@) Ex™=2+ Zt=7F 20~180E ¢ A=

(@ In case the angle between probes is 20~ 180 degrees

225



HM7|&s =g X 59PA 235 20104 6¥

Error analysis according to degres between suxiliary probes

et
< v - i s
. ¥z ¥l t ¥
g |—x| _ -5 N
Ta ; B
¥ . S
10 . ot i oY
- ] ¥5.
z 5 o o
@ 2 y6
o ~
5
.mi
20 = 3 E3 0 s 50 E 5
Degres(’]

(b) Ex=XM37t Zt=7} 20~60% 2 Z(2aZ(a) =H)
(b) In case the angle between probes is 20~60
degrees(magnified image of (a))

Erred analysis according 1o degree between awdiary piobes

&0; \”I
¥2
- - ¥3
| v |
¥e |
1 i
| T R S i s S ¥2...
Em .......................... ¥a._.,
20r—
T
10 "
¥6
ﬂ_ 1 1 1 1 P S— L L S
T B0 80 100 110 120 130 io
Degres’]

(0 Exd=72H 2271 62~142% 2l A (O (a) =H)
(c) In case the angle between probes is 62~ 142
degrees(magnified image of (b))
a8 6 ExMIZE ZtEHstl wE XM Ee 2kt : 100%
o 2%
Fig. 6 Ground resistance error according to the angle between
auxiliary probes : 100% position

©AE o 100%] o2 F§sHe A AAATE Rl
de ARREdGel oldAdE Az 5ul o o|As
= o] ulgAeln, REAGL ARE 0~180% % B
Gkl gl mAelehd, oAkE o 6~8[%] ol 383
A% 0 A 100 o4 olFshi o] mhgra s,

34 2XAE4 : 161.8% A

a7 78 AYduzAT 9N AR
1618%e 1A% 495 vehich wxd

C180E)e] WE SRS
2 mgsn, gAATe e e ARHEAIe o
Ae) o - 22; ~ 1.2 25 5 10, 5002 WA HA A4

2 sasgor o A%E g sl ey
29 89l y1e A7 2 kAR o - St 1)

)l 755 uehiy, y2i= 2uQl A, y3 2599 % vd=

Y62 50912 75 LiERc

226

o4 ] .. Potential Prabe

HExMIFo| MREE=MF2 161.8% HElol <
2z X
Fig. 7 Arrangement of auxiliary probes according to the angle

in case that distance to auxiliary potential probe is
located at 161.8% of auxiliary current probe

a9 8ol WEbd mhe} Zo], AfrzHFe] delrp dFn

=9 4ol 16189 A A A9, A7t 4
o S
L =
Fag
e i } i 6
° - T R 7 R T
Degiee]’]
(@) Ex=M37F Z4t=7}F 0~180% ¢ A=
(@) In case the angle between probes is 0~180 degrees
= Ermor analysis according to degres batween audlary probes
| [ %
30/ | :i |
al| ]
_y3
. .
®
2
15
_ya |
10/ |
¥5 |
i ¥6
° T TR I R R
Deareel"]
LE=MI7 Zt=71 0~90% ¢ Hd=(agl(a) &ol)
(b) In case the angle between probes is 0~90
degrees(magnified image of (a))
a8 8 ExMI7t st wE MX|MEe| 2%t 161.8%

o x|
Fig. 8 Ground resistance error according to the angle between
auxiliary probes : 161.8% position



715 wkel wpEsiA R JAHF] iR die HFRx
A=e] olAA wb HoW HEFE ALFrtd wE 2
A7 FA3 Frhstgled, HE o7 F4E 4R
mE eAMEst ZoEY. art 59 A4S mEAdIz 7
=7 90=~180% o w FAAFe] kel wlsf oF 11~
12[%] AA ZHol wqow, azk 10 A5 HA Ao 3
grell mla) oF 5~6[%] AA FAo] HAUTE wekA, o] ¢

61819617 - 21
Folol e A% wEAFZ 4uE Axstets Lol v

ZEE 90~180% 7FF E55tel ¢
= zdolehy AT QA of 6[6] olul B
A% AAAT R U ARuRAT o|AANE

E

waATe] 29 20090 $17 %
FOE~180E)] W2 eARAE g3 A0ANA B =

2 mgsan, gAAZe e ta ARuzdIe] o7
Ae) a - 22; ~ 1.2 25 5 10, 5002 WA HA A

Folm, REHS3
KN

| HAA Gl Agkel vl oF 5[%] HA FH el
on, azt 100 49 HAAZ o] ol sl oF 3[%] 4
1 =t ubgbA, o] ¢

| vtEAet, R2AS3E Z42E 90~180% 7HF
A

P
o

[r

2

|

] e B ST L B =
o o oy o m
o U 2L
[e]

e N

ox

o

)

R

)

4

lo,

=

ta

2

=

= q

2

i

f

N

)

Qoo
X oo EQ
ol
o

i)

33 9 HAE=MIFo| MREETFS 200% Helol 2
XAl ZtE ¥ stof| w2 M S R

Fig. 9 Arrangement of auxiliary probes according to the angle
in case that distance to auxiliary potential probe is
located at 200% of auxiliary current probe

r

lZstHoll olg MAIME FYA ExrFo| fIxHat e A

Trans. KIEE. Vol. 59P, No. 2, JUN., 2010

Error analysis according to degree between auxiliary probes

i i I - QO I
'/_/,.—-—"
501 . |
J..-/ 5
40, 2 :
¥5
z :
g% ; =i
" ”____,__..--—-""-"—
— - ot JE
Ll ya
U :
vh
y6 .
% 0 0 60 80 100 120 40 o =N
Degreel’]

(@) Ex™ =72+ Zt=7F 0~180 ¢ 49

(@ In case the angle between probes is 0~180 degrees

Error analysis according to degree between auxiliary probes

30/ |
yl.
‘ [+
ol — 73
20 .“-II — -— Yd
- - ¥5
? y6
Sis
m 1
- .-H“
5. ¥5
y6
% 10 20 5 ! | | gle

Begeel
bE=MF2E 2Zt=7F 0~90x ¢ Z<(a2(a) =)
(b) In case the angle between probes is 0~90
degrees(magnified image of (a))

a3 10 2ExM37F ZEdstel| w2 MXIMEe| 2K 200%
of 2%

Fig. 10 Ground resistance error according to the angle between
auxiliary probes : 200% position

3.6 LAEHY : 300% <=
) 116l ekl wieh o]
w929l 300% A%
SH0E~180%)e mE L&A
2 s, gAATE ol
Ag a = 22; =1, 2 25 5 10, 502.&

< T80 2 235 329 129 YeE AT

Iy 129 yl12 7] 2 zZE vEHAR o =

_{H

fr
BN
e}
1
Lo

:
N
-~

2

oL

&
o,
o
BN
2
N
N
N oy BT

=
S
P2y fo

tlo
1o
ol

4

%

&=

AR A )

Azm_l
e

(RO oy
fr
BN

tot
>
X
=)
Y
2
23

SR
N
N

iy oxt

1919l A5 dERdH, y2&= 2wl A9, yv3= 25M
$-, v4E 5uiel A9 yor 10819 A v6-& 50u <)
vebdth 29120 YERH vhel o] H9lm

259 4ol 3ule] Agel £
A7} A AL A$e RxrdIEn 4R 0%
HEAS 457t S7h848E 937t uts)
FS Yo 53 4% mked s R HAA
| st AdFRzAF9 o]AAZ a7} Hod A

o

srgont ZEe] mE o

o oY
—o
N

o N
=
I

o

o |
—o

i

¢

olN re
o
—o
o,

N
N
ol
NI -
© o 2

(

- mlo

227



HM7|&s =g X 59PA 235 20104 6¥

B=P/C =3

33 11 dEx=dF0| MREX=TF2 300% Helol 2
XAl ZtE ¥ sto] w2 M S R
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Measurement error rate of ground resistance in

between

auxiliary probes is 30

degrees according to the variations of a and B

. =4 A& (%]
B=0.618 B=1 B=1.618 B=2 B=3
1 41.32 341 25.53 34.66 43.85
2 20.66 1.70 10.21 17.33 21.93
2.5 16.53 1.36 12.77 13.86 1754
5 8.26 0.68 511 6.93 8.77
10 4.13 0.34 2.55 3.47 4.39
50 0.83 0.07 0.51 0.69 0.88
28 BEAS7 457 602 A adl, 2, 25, 5, 10,
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Table 2 Measurement error rate of ground resistance in
case angle between auxiliary probes is 60
degrees according to the variations of a and £
=4 A-&[%]
3=1.618
4555
18.22
22.77
9.11
4.55
0.91

to H

B=0.618
1 73.70 50
2 36.85 25
29.48 20
5 14.74 10
10 7.37 5

1.47 1

B=1 B=2
46.13
23.07
18.45
9.23
4.61

0.92

B=3
47.77
23.88
19.11

9.55

4.78

0.96
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Table 3 Measurement error rate of ground resistance in
case angle between auxiliary probes is 90
degrees according to the variations of a and £

. =4 L A8([%]
B=0.618 B=1 B=1.618 B=2 B=3
1 88.37 64.44 54.62 52.64 50.86
2 44.18 32.32 21.85 26.32 2543
2.5 35.35 25.86 27.31 21.06 20.34
5 17.67 12.93 10.92 10.53 10.17
10 3.84 6.46 5.46 5.26 5.09
50 1.77 1.29 1.09 1.05 1.02
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Table 4 Measurement error rate of ground resistance in
case angle between auxiliary probes is 120
degrees according to the variations of a and B

. =4 22-&([%]
B=0.618 B=1 B=1.618 B=2 B=3
1 95.55 71.13 59.05 56.10 52.80
47.77 35.57 23.62 28.05 | 26.40
25 38.22 28.45 29.53 2244 | 21.12
5 19.11 14.23 11.81 11.22 10.56
10 9.55 7.11 5.91 5.61 5.28
50 1.91 1.42 1.18 1.12 1.06
E 5 Ex=M3ZE ZtE0F 15020 ER o 2 B w3t
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Table 5 Measurement error rate of ground resistance in case

angle between auxiliary probes is 150 degrees
according to the variations of a and 3
A 2 2H&[%]
® 'B-0618 | p-1 | p-1618 | B2 | B-3
1 98.97 7412 61.17 57.81 53.84
2 49.49 37.06 24.47 2891 26.92
2.5 39.59 29.65 30.58 23.13 21.54
5 19.79 14.82 12.23 11.56 10.77
10 9.90 7.41 6.12 5.78 5.38
50 1.98 1.48 1.22 1.16 1.08
= 6 ExM37t ZtETJ1 180 H o ¥ B #Hsto
we X MEe 58 2Ate
Table 6 Measurement error rate of ground resistance in
case angle between auxiliary probes is 180
degrees according to the variations of a and B
4 2A2(%]
¢ B=0.618 B=1 B=1.618 B=2 B=3
1 100 75 61.80 58.33 54.17
2 50 375 24.72 29.17 27.08
2.5 40 30 30.90 23.33 21.67
5 20 15 12.36 11.67 10.83
10 10 75 6.18 5.83 5.42
50 2 15 1.24 1.17 1.08
5.4 B
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