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ABSTRACT

A Study on the Design and Analysis of the Grounding
System of a Wind Power Plant

Moon, Hae - Yeol

Advisor: Prof. Choi, Youn - Ok, Ph. D.

Department of Electrical Technology Convergence Engineering,
Graduate School of Industrial Technology and Entrepreneurship,

Chosun University

Wind power generation facilities are renewable energy resources with
great potential for power generation, but they are installed in mountainous
areas, coastal areas, and offshore areas, and their structures are very high,
so they are easy to be exposed to lightning and surges. In addition, since a
number of generators are integrated to supply power to the existing power
system, if an accident occurs, it can act as a risk factor in life, power
quality, economy, etc. due to earth fault current and fault current.

The grounding system of wind power generation facilities has been
proposed as a minimum protection measure, such as protection of human
life, rapid discharge of lightning and fault current, and rapid operation of
cut-off devices. The grounding method of a wind turbine can be installed
as an individual grounding system of the generator and an equipotential
grounding system of the entire wind farm by the soil resistivity that varies
depending on the type of grounding, humidity, and temperature change.

In this paper, we will discuss the individual grounding system of wind
turbines installed in the mountainous area and the equipotential grounding

system of the entire wind farm.
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Measure the earth resistance at the installation site of the wind turbine,
and use the CDEGS simulation program to determine the structure of the
soil, soil resistivity, grounding resistance, maximum ground potential rise
voltage(GPR), maximum allowable touch voltage(Eiuen), maximum allowable
step voltage(Ege,), maximum expected touch voltage(E,), maximum expected
step voltage(E;) were compared and analyzed.

The grounding resistance(Rg) of the individual grounding system of the
wind turbine was higher than the reference value, and the maximum ground
potential rise voltage(GPR) was also very large, which was confirmed as an
inappropriate method. However, it was confirmed that the grounding
resistance(Rg) and the maximum ground potential rise voltage(GPR) of the
equipotential grounding system were lower than the reference values. It is
judged that the grounding resistance is reduced and the potential hardness
1s eased as the grounding system'’s equipotential configuration increases the
installation length of the grounding conductor, thereby securing safe touch
voltage and step voltage.

The equipotential grounding system of a wind farm is considered to be an
effective grounding method because it has several advantages such as
reducing the effect of potential interference and potential difference by
reducing the potential gradient when an fault current flows in, and reducing
ground resistance.

Through this paper, since the grounding system of a wind farm is an
important system to protect power facilities and people, it is necessary to
accurately grasp the characteristics of the earthing, consider the
environmental impact, grounding method, and the type of grounding

electrode, and reflect it in the grounding design.
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g 12 AR @ 519 2y
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H A E-(Driven Rod)
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3. Aa)d AT

Ad A= BELY T/, 7F, A8, T 4, AE4 2xwst S
#AIglel 7HE BEAolH dAHHow e HAAYTE FAMFE WITH
AAAN "ot} & HAA %Y F5FS i FaE F717F d&d HZA%5 U
o dafjd 3 #Este] deA FHE&As At eSS JAE
T Egom FAsHA drh g B R ARkl Batdes EgFAte] o Ha
A o] AHAOR FuHo AVAYS #HAATAL AN EYGor W)
Al AT g WEe ZdoA SR A & dEx s
T A dudas 9E] J4% A9AseR A% AradE B dS5s B
s38ta, JAw AAe FHE A% "t 1Yy BRIy 55 S AlTEHE
A7 BorE AlFHIZE vt o] Aok deid HAE vdd 4F
o] 2 M B (Straight Rod)¥ L& % (L-shaped Rod)9] 271+ ez FEIH 1
H 149} Zo] vEbd Ao th[8]~[10]

M= G

s 5 & BOX

7% 4 944 U-Bolt
2374 (Breather hole)
Exothermic g
100(mm®) 54
A HA%-(Rod)

Lynconite backfill
Calsolyte &3

474 (Weep hole)

[ e A3)d 28 (Electrolytic roots)

a9 14, deid AAdE
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=89 (Breather hole)
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AAA 299 AA

otol A A 952 7FA-AE KS C IEC 61936-1 747 IEEE std. 80 4
Sol o3 HAEAI HEFOoF du H =FoAe] FTHUHAAHEHLS
229[kV] 54 HAA 2~ Ao 85+

4 AlFol AAHER WA A
Aoz HAAA 2252 1dsre o [8][11]
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AAN 2" AA) 8%

% 132 IEEE-std.80-2000 HA|Al2="l AAe] 25%& YEld Zo=
“IEEE Guide for Safety in AC Substation Grounding”o| 4= W H 49 Mesh
HAell o3k HA A28 AAE HESG Adas el o A
Aol QI7Fe = Hf HEAY 2 BEAGS JAAEAY Az set[6][8][11]

AF A= -
A 1
A, P
!
=A &#71 oA 2
I1z(=81,),t., d
Hg-HE/
HZAQ 7|EA At
Etouchso or 70 @A 3
E step 50 or 70
7] Al A 4
D, n,Les Lr, A
[ L
—
= =) = & 81— A4k
_—
FooLor L Al 5
—— 1
A A o A H 7 oA 6
D, n, Ley Ly Ic. tf
¥

NO

AE/ NG AL

Ey , By Ky Ko w8
K, Ku, Kx

A 9
YES ]
E.<Eiepsoro kA 10
NO

YES l
[TTaaaAa | ez
19l 16. IEEE std. 80-2000 A Al2=®l M A9] 5%
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=
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C. #dl 38 HAZAG & EZFAA9 At

HEAGE)S Age] Wt w Apo](Uuk d
7 ol HEAGEIS Aol FAH J7Ish £ol HHE A £
of AEWI] AT olth AR o3} BEE ARE =
WA AF] mheb gebd s 82 ol f5lofok FrhlBIRINL]

1. dA el ¢ g A A 7 (Ip)

Dalziels] @0l 8] 0.03~30[secl et Aol AF7 52w JAAES
QoA = AAHNEAF Lz H@sh 2rh6l8IL]

Iy = [A] (4)

A7IA, ts: AAZTAAZE [sec]

K: QA8 AlFoll o3 A4 (50[kgl:0.116, 70[kg]:0.157)

2. A9 714 F[Rep)
Ao A7 AL E3p & Apo], E3p FE Ao, Wyt @ Abolo] HFF I

A2 A 1000[Q]e = gkt [6][8][11]

i
z
rlr
1
9
to,
FH
o{N

2 E=3 AHA
TAaAT(Ce)e= A6)F 2 a9 174 xS a7

th[6]1[8]111]

K = 5)
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0.09(1—2)

(6)

S

P

2h, +0.09

Cszl_

1714, Cs:

p: B tAAELE [Q «m]

: 2000~ 3000)

D=

[Q em] (Xp&9] 1A

=
=

5}

o AA+A

No
22|

ps

03

02 028

024

3

0.04 006 008 01 o2 823 0.16 0

0@

Thickness of Surface Material, h; (meters)

e

Hr

¢+
4

A
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4. Ao 51§ H=4

Aol

A= 18 18L&

[e)
49 Ewuenso 2

S
o
2
S
a
rlo
1>

?ﬂ]- (Etouch)

BEAge Adwst

Etouch50

Etouch?O

o171 A,

Etouch7o *
Rp:
Rr:

Ip:
Cs:
o5
ts -

Collection @ chosun

1

1

EtouChSO :

AT o] 50[Kgld <A<
AT o] T0[Kgld <142
A A7IA 7 [Q]

g 3 A Abel o] A [Q]

= o
= o

_27_

= (1000+1.5C4 X pg ) —7=

= (1000+1.5C4 X pg )

DFAFI 499 W AFAS A £3 G Alolo] A Hy
74828 deha A 88 4
8)3 2o} [68]11]

/— Terminal H

;] Ry = Body Resistance

\—— Terminal F

0.116

(M)
Vis

0.157

(8)

ﬁ

94 HEAS V]
4§ WAL [V]



5. FAdh

Ahgol A F)

Ao AARFZA 17 198 BEAG
& BEALY Bugud

[e)
e

béﬂ % E]—- é':l'é' ﬁ ?ﬂ]- (Estep)

WA A9 ela) W w Apold] Aee
Md=sl 571822 yeun H 9

21(9), Esieproe 21(10) 2+ 2 [6][8][11]

/—— Terminal F,

' [
! |
| | =
I Vm |
' [
: Z, : Rg =Body Resistance
' |
a1 | !
' |
|

\-— Terminal F,

EstepSO =

EsLep?O =

o] 7] A,

Estepro *
Rp:
Rp:

Ip:
Cs:
oe:
t.:
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EsteDSO :

Vp, = Step voltage Zp, =2R;

% 19, HEAGe] VP 2 SR

0.116

Vis

(R +2R;) Iz = (1000+6Cg X pg ) —— 9)

0.157

Vis

&8 EIEAY [V]

(Rp+2R;) Iy = (1000 +6 Cy X pg) ——=

[V] (10)

A gl 50[KglQl 1Al = T
A5o] 70[Kgl]l A9 i
AA el H7A [Q]

b 3} A Abol o] A [Q]

518 HEHSt [V]
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2
)
2
o o
dlo
s
N
N,
i

H
= 1~5[Q] o]st7F & ¥t
H AN 2SS R
Aibol Zhsstt., WA
A=l thal Sverake] A A3 Ry A (11)3% 71:_}3}[6][8][11]

Rt
o
(]
[\)
ol
!
\)
o
B,
o
o
o
2
=
i
=
Z
@
192}
=

1, 1
R, = ol g+ 20A[ — ] Ql (11)
v 1+hy 5
A
AN, p: AATE [Q +m] A: AAAZ) EAWA ]

A AR FIpE ANELAT 2N (%2), "FH Z=2a9 55 Sl A
st JAASF s2= H A Grid A7 = 2112)9F 2 eh[6]18]111]

I, = CpxS;xIy [A] (12)

A7NA, Iy el Ao A AR (A
C,: AESZAS (1.0~15)

Set AgAFe EFASF (02~0.4)
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E. X 4d 9835 (GPR)Y HAE

A A =o] wiAde gixHe| nddF 5 X dF7F F9=HE ZAA =8
I x| Aol o] A9 Ao 9%k o X A Y445 (GPR: Grounding Potential Rise)<
Hol A= Grid AdFTe) ek A AT (Rl ¢JaliA 21(13)3 2},

% X\j"l ?:I(Etouch) '/] "’1'7:”7]' ]":ﬂ ‘A 4(1):11’ ZE!‘E'E_ %jé]
AS Iy Fol6]8]11]
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F. A o AFAdH EFA4 At

Ao g BEAY B A g REAL ANS T ADAGS v}
s A 58 BEAGH Ar) H8 BEAGD vwste] HAMA b

= dd & = dn6lsi]

ASHE) 2 BEZHME,) AL

Mesh HAAFE FHRsh 4 mAe Atolo] A7t e P4 A
S5 os Aul o4 AEHANE) % Ao A% REAGEIS 4% g
4(14), 4(15)sk 2 h[6I8I11]

1. Ad 4 d=

=
=
==
K3

pK, K1
E, = —2 1% [v] (14)
Lt
PR K,
E, = ——C [V] (15)
& LS
A7IA, Eo: Hol ol JEFASG [V K A9A = wsted gt R A
B A4 o3 wEAe [V K. 85099 949 3445
p: HAIATE [Q *ml] L A4y ZA=A 4ol [m]
Ic: HAdl A= Grid A7 [A] Ko B3] HAY A4
Ls: BEHete] HAEA 4ol [m]

2. Ay ow AEAGEI D 318 B5 A Eun) 9 L
Ho g HFAGE)S A 518 HFHH Euen) BT ool 3t
_|7 Et < Etouch ‘/] “1:]' ]E é —E"]'qu]: -E:’j'E}'[G][8][11]

3. ﬁr’H dﬂ}?)]_ E—%ﬁ?ﬂL(Es)ﬂ 6‘%% E%ﬁ%(Es‘[ep)‘q H]E
Hof ol BREANE)S A 38 BFAN(Egep) HT ZFofof ot
éy Es < Estep 'o/] %ﬁ]g E’_]:‘_l 0]‘0:10]: ?J_'E]'[ES][S][ll]
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G. HAAE2HEA Y =4 & &5

Ho o HEFASHE)T A oY BEAFE)S ANAZE A HE& H
ZHAG Eouen) @ AN 818 BEAYG(Egey) AMARG A HAW JAEAA F
Aol A &t AN &7dE ZAE < Eouan , Bs < Egep)ol #5317
sl HALe] Grid (v4 2 =AUMG 24E, JAE & FUrete] HAA=Fe
Adolg FUAZIAY A HA, dald gA, g JA o HaAs HES
of JA AAE FASY we Ao HAFAE Frret & HFHY
(Eiuen) R 318 BEHN Egep) THE AE ST}

TN 875 E JAA =Y Ve 2ol wEsteE 49 HA
171, #2429 5 F7H4<
A, e ol FAAASES FIHEA sk

|
5 HAAATS Hasta AAE g5 dt[6]8][11]

o5

of
>
N
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o

e

S

[e)

=

=

AE
=

o

=

=N
[¢)

CRlE=l

Faz A A =6 9
it 2] CDEGS(Current Distribution, Electromagnetic

2% SES
Grounding & Soil structure analysis) RESAP %

3L

= wEk 42[MW]

AL #HFH
interference,

)A
Ho

A
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=6.284R [2m] =

=2rAR , p

sk, p

FaL, whek, o =208 2

S

earth

3=

A=

=i
=

o}
N
X

!

o

IH o E
THE=E o°

d

&

294 Wenner 4

A E 1lml, 2[ml, 4[m], 8[ml, 12[m], 16[m] © =

(b) 2m 3+A: 231 [Q]

(a) Im %+A: 331 [Q]

(c) 4m 7+A: 114 [Q]
() 16m 7+2: 12,9 [Q]

(e) 12m 7+2: 173 [Q]

719 oA

v 7] 1
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co | [
(a) Im 74 490 [Q] (b) 2m ZtZA: 251 [Q] (c) 4m 3t

un_m0em

==rsesrEm———— |

706 [2]

£ e e - : |
(d) 8m ztA: 235 [Q] (e) 12m 7+4: 12.8 [Q] (f) 16m 7+7: 842 [Q]

oy 23 FEEAY] 28719 A AEg 54

(a) Im +4: 509 [gz]

o

.

T

¥ B 20ieens

(d) 8m 7+4: 46.1 [Q] (e) 12m 3+A: 299 [Q] (f) 16m +4: 23 [Q]

O 24, FHEAT] 3571 dAAY FA
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(@ 8Sm 7174: 769 [2] (e 12m 714: 35 [9] (D 16m 72: 215 [Q]

a9 25 FEHAAY] 45719 dAAYg SA

ok

(a) Im +4: 275 [Q]

Hn_amnosos

() 2m 77 161 [Q]

— e il

(d) 8m 2}7—1 29 [Q] (e) 12m 7—3.- 239 [Q] (f) 16m +4: 22.7 [Q]

a9 26 TV 55719 dWAAYE FA
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=254 Al FE AR B
717873 €l e
= Wenner 47 =
=2 2| CA 6470 / Chauvin Arnoux
AL PAATFE(Q *m) =2 x 1 x ZAA(m) x AZFZHQ)
HAMRA) | 2 Am] | 549 ASQ] | A gAAFE[Q «m]
16 12.9 1,296.192
12 17.3 1,303.728
157 ) 38.8 1,949.312
4 114 2,863.68
9 231 2.901.36
1 331 2,078.68
16 8.42 846.0416
12 128 964.608
257 ) 235 1,180.64
4 706 1,773.472
951 3,152.56
1 490 3,077.2
16 23 2.311.04
12 29.9 2,253.264
357] 4 8 46.1 2,316.064
2 7]4) 4 160 40192
9 304 3,818.24
1 509 3,196.52
16 215 8.641.28
12 35 26376
. 8 76.9 3,863.456
45.7] 4 204 738528
548 6,332.83
1 1220 76616
16 2.7 11,404.48
12 239 1,301.104
_ 3 29 1.456.96
5571 4 67 1,683.04
2 161 202216
1 775 1727
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B. XA} E &4

1. CDEGS Z2 3L 83 x| #3E 4

SA4E WAAGE V2R B AT, dHAARE, HAAY, AddY
s TAst ey A, S =ol7] fld 2 Z2ae SESite]

CDEGS(Current Distribution, Electromagnetic interference, Grounding & Soil
structure analysis) RESAP R &5 ©|&3] A AFEL FAA =D A ] o]
gakith. CDEGSE 2H5tel 4, 54174 5o d4el M5 uE #4xz
a9 T stuEA dAe] 545 defstal 2849 HAAAA"ES AA &

=2

o FA A5 A3 T 5 Ak B AT B FRTE 4

RESAP
B

]
= Al
OPT|ONS
UNITS METRIC
RUN-[DENTIF [CATION
PRINTOUT DETAILED

MEASUREMENT S APPARENT-RES
METHOD WENNER

RESULTS, 1
RESULTS, 1
RESULTS, 8
RESULTS, 4
RESULTS, 2
RESULTS, 1

(a) A5 &A% (b) DATA 49344

a9 27, A% BTz 9 A7 DATA 9234
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METRIGLOGARITHMC XAND Y

LEGEND

®  Measured Data
——=e  Computed Results Curve
—=  Soil Model

10°_

v :

L 10°]

£

& i

e a

o ]

= 4

=

_*% i

4

= i

o

®

Q

2 10° L H
10? 10" 10° 10°
Inter-Electrode Spacing (meters)

1Y 28, EEar

10°

Measurement Method..: Wenner
RMS error...........: 13.88%
Layer Resistivity Thickness
Number (Ohm-m) (Meters)
Air Infinite Infinite
2 2511.262 6.196121
3 864.9069 infinite
RESAP <1 2] >

A7) 13719 Azl e hAAGTEL AT

METRIC/LOGARITHMIC X AND Y
10°_

[

8 10°_]

£ ]

= i

< a

o i

= 4

=

i) -

8

1

E i

g

2 107 LA -
10? 10" 10° 10°
Inter-Electrode Spacing (meters)

a9 29, T
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A7) 25719 A FFZo WE WA AIGEI A
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LEGEND

®  Measured Data
——=e  Computed Results Curve
—=  Soil Model

10°

Measurement Method..: Wenner
RMS error...........: 6.565%
Layer Resistivity Thickness
Number (Ohm-m) (Meters)
Air Infinite Infinite
2 3300.383 2.386497
3 859.0335 infinite
RESAP <Z22)] >

=
S

=
T

7

7



METRIG/LOGARITHMC XAND Y

LEGEND

10°_
n = Measured Data
——=  Computed Results Curve
- ——=&  Soil Model
Measurement Method..: Wenner
T RMS €rror...........: 19.28%
| Layer Resistivity Thickness
Number (Ohm-m) (Meters)
| . Air Infinite Infinite
- 2 3570.175 1.092678
’@ ﬁ 3 2237.908 infinite
é 3
<
e} .
=2
= i
=
7]
n
(0]
[v4
=
c
o
@©
Qo
< 10°
10? 107 10° 10" 10| RESAP<8=J] > ‘
Inter-Electrode Spacing (meters)

a9 30, T 3579 AST

Zol W2 dAALES A FF

METRIC/LOGARITHMC X AND Y e
10°_
n ®  Measured Data
——=e  Computed Results Curve
_ —— Soil Model
Measurement Method..: Wenner
7 RMS error...........: 7.199%
a Layer Resistivity Thickness
Number (Ohm-m) (Meters)
CAir  Infinite Infinite
7 2 8055.044 4.323041
m 3 1727.670 infinite
—
2
£
o
= 4
=
2
7]
Q
o
k=
o
®
o
< 10°
LN ) e ) S L B
102 10° 10° 10° 10?[ RESAP<4=)] > ‘
Inter-Electrode Spacing (meters)

a9 3L SEEAr] 45718 AFAxdd whE oA ATER A
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METRIG/LOGARITHMC XAND Y LEGEND
10°_

n ®=  Measured Data
——=e  Computed Results Curve
- —=®  Soil Model
Measurement Method..: Wenner
7 RMS €rror...........: 13.64%
i Layer Resistivity Thickness
Number (Ohm-m) (Meters)
| Air Infinite Infinite
2 1580.221 0.6301564
w 3 2827.326 0.2166934
@ 4 1729.601 infinite
g
<
o
=
=z i
=
@
77}
0]
m L]
=
c
o
(0]
Q.
< 10
L e ) S R e | B
102 10" 10° 10" 107 RESAP<5=2J] > ‘
Inter-Electrode Spacing (meters)

a9 32, FEEAY] 53] ATz wE A ALGER ASF
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A 7] 7] A & A A &E(Q * m) A & F7[m]
A = 2511.262 6.196121
137]
3 A = 864.9069 o
oA F 3300.383 2.386497
23 7] -
3 A = 859.0335 o
3357 @ A A = 3570.175 1.092678
714 3 2 = 9237908 oo
A A F 8055.044 4.323041
4371 -
sk A F 1727.670 co
A A = 1580.221 0.6301564
537 T A = 2827.326 0.2166934
3 =7 = 1729.601 o
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C. Nd HAANH

G5 7e] MEHAA ~EE 9 333 o] U dAE T3 CDEGS ¢
DATAE AHgstdeh. F8add71e] JAA =¥ 35 2
AR AXsa B FERAL THAEES AAsta ok 7F FEd
FOUNDATION 4 9 ¥3}7] =15 g3 MESH HA g AAHAL
27lm] x 27[m], Zol= oF 35[mlZ 44 3t o™ IEEE-std 80 iAol 2|3l
AR HAEA H7] ol Bz A Estth AX AT abekA o] b
g 5
7bate] Adwstel o)d HA Ao WalE HAask sk 229kV] A7) AL
35 7] Al fIAskH MESH HA% AXHA-2 20[m] x 10lm], zo]=
0.75[m], 2.4[M] & H*& 36[EAlE % &3ttt

e

lis=

T

(b) 714

a9 33 A HAAEES] FHTAY] A qudA =
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1. 718 HA Al ~=d"e] DATA

¥ 72 N HAA 2" AAYYE DATAE YeEbY HAA A Simulation
Datas Az sttt onajd A o3 HX

217 P o@ 14 ALAR, ALAF B
g2 w9 Sn RHAEALE 05lsec], FAAG A4 5Q] o5z A&
g e [6101]~ [13]

¥ 7. 18 ZAA "] AAYHE DATA

7 E a8
A &4 IEEE Std. 80 - 2000
A FANGATAL - FE, FEHA AAIFA Y
st g Al - Wl AA 7] DS-2601 H A A A
A AL A Qe ml] % 7]"¥ CDEGS Simulation ¥4]3t[Q ¢ m]
A EH A THs] 0.5[sec]
1AA = 237 7.329[KA]
AGH7F E7E& 20[%]
H A2 TN A A 22
24 T84 [0 sl T20m
714 200[m?]
HA T =A 2 o][m] 2 7] 684[ml, 714 332[m]
W2 7] Aad HAE 3.6Iml(H 3 30lml),
= /A= 4 % (MESH)
A714: 24[m] & HAE, A H(MESH)
HA & A 2 7]: @80 x 36[lml, A714d: 918 x 2.4[ml]
QA& T%F 7] A[EA] A 714 36[EA]
a7 ZAAZ 5[Q] o]s}
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2. 8 BAN R 2
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