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Purpose: In this paper, we propose a design technique for the safety characterization Safety ground,
grounding in the construction of the photovoltaic power generation complex which can be
useful and useful as an alternative power energy source in our society. In other words, we )
will introduce the application of safety grounding for each application, which can improve generation,

and optimize the reliability of the internal grid from the cell module to the electric room Characterization
in the photovoltaic power generation complex.

Method: We analyze the earth resistivity of the soil in the solar power plant and use the
computer program (CDEGS) to analyze the contact voltage and stratospheric voltage causing the
electric shock, and propose the calculation and calculation method of the safety ground. In
addition, we will discuss the importance of semi-permanent ground electrode selection in
consideration of soil environment.

Results: We could obtain the maximum and minimum value of ground resistivity for each
of the three areas of the data measured by the Wenner 4 - electrode method. The measured
data was substituted into the basic equation and calculated with a MATLAB computer
program. That is, it can be determined that the thickness of the minimum resistance value
is the most favorable soil environment for installing the ground electrode.

Conclusion: Through this study, we propose a grounding system design method that can
suppress the potential rise on the ground surface in the inner grid of solar power plant
according to each case. However, the development of smart devices capable of
accumulating big data and a monitoring system capable of real-time monitoring of seismic
changes in earth resistances and grounding systems should be further studied.
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Table 1. Ground Resistivity Measurement Depth

Probe Spacing(m) Measured Soil Depth(m)
1 1
2 2
4 4
8 8
16 16
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Fig. 1. Earth Resistance connection diagram Fig. 2 Earth Resistance Measurement Principles
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Fig. 3. Ground Resistance Measuring Equipment
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8m Measured Value (3.74Q) 16m Measured Value (3.25% | )
Fig. 4. Ground Resistance Measuring Value of CASE1

(FA4LA : 2017.10.31.)

8m Measured Value (10.8Q) 16m Measured Value (8.7Q )
Fig. 5. Ground Resistance Measuring Value of CASE2
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Table 2. MATLAB Simulation Model for Earth Resistivity Measurement

14, No.2, pp.130 - 140

16m Measured Value (1.982 | )

Fig. 6. Ground Resistance Measuring Value of CASE3

e AY v 200m WA A3 Case® A =
S MATLAB 230l 2] p=6.28qR (5)E HE3tq A& Bx

DAY 24

Casel Case2 Case3
Probe
Spacing Measured Resistivity Measured Resistivity Measured Resistivity
(m) Value Factor Value Factor Value Factor
(£2) (8-m) (£2) (82-m) (£2) (82-m)
1 167 1 1048.7 1 4721 297 | 211 138.8 |
2 62.1 779.9 294 370 15.6 195.9
4 10.6 266.2 24.0 604 10.5 263.7 1
8 3.74 187.8 | 10.8 542 4.66 234.1
16 325 326.5 870 6531 198 198.9
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3. CDEGS HZX| & Al=2lo|M

3.1 ®x| &7 58=

Fig. 7. Grounding design flow chart

3.2 CDEGS A|=3l0|M Zut

A 18AEe =Ho 7 Ao Table 2.9 2AHZLOE Fig7.9] AAAA A2} (Grounding design flow chart) o] e}
CDEGS &< &85l B AFE 2MFCEAF, 3lAF) &2 B4 2052 EX3e s 7 23 FAE 4=
3Fd Table 3.3 o] AxZo] HAZUpper layer) 3t Z0] Hthg(Ground floor) &2 YERAT)

Table 3. Earth resistivity simulation model

Strata analysis Earth resistivity
Division
Layer Earth resistivity(®2-m) Thickness(m)

Upper layer 12312 | 0.94
CASE1

Ground floor 2,000.1 1 )

Upper layer 244.8 | 0.97
CASE2

Ground floor 667.6 1 o

Upper layer 1102 | 0.57
CASE3

Ground floor 2302 1 ©

A= #HA A Upper layer) 8] FAE AAAZTE AAs7)d 71 feEist B9 349S & 4 9t Table 4+
Table 2 & CASE 2.9 Hlo]E]2 CDEGS Z2a#0 2 ki AR AA S A& AA Aza ot}
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Table 4. CASE2 CDEGS GROUND DESIGN SPECIFICATION

DATE OF RUN (Start)= DAY 03 / Month 11 / Year 2017 di 2 24
STARTING  TIME= 13:49:39:36 A At

===========< G ROUNDIN G (SYSTEM INFORMATION SUMMARY ) >===========

Run ID o SEEA s701.0

System of  Units: Metric : Metric AAES B

Earth  Potential Calculations : None SHMEXAIAES] XA H A
Mutual  Resistance Calculations : NO Bt X2t 4SME Hate otg
Type of Electrodes Considered : Main Electrode ONLY F XES(otLS X AIAH)
Soil Type  Selected: Multi-Layer Horizontal : Multi-Layer Horizontal NEREE E2XNELE  &£H e
SPLITS/FCDIST  Scaling Factor :1.0000 ANAEO DIE A=

MULTI-LAYER  EARTH CHARACTERISTICS USED BY PROGRAM LR HetEel G NSES

LAYER TYPE REFLECTION RESISTIVITY THICKNESS

No. COEFFICIENT  (ohm-meter) (METERS)

1 Air 0.00000 0.100000E+11 Infinite Uo1E Mees

2 Soil -1.00000 244.772 0.975986 HTIE MNEE

3 Soil 0463436 667.597 Infinite SHAIE MEE
CONFIGURATION  OF MAIN ELECTRODE
Original  Electrical Current Flowing In Electrode....: 1000.0 amperes BXE=0Il 1000A8FE 28
Current  Scaling Factor (SPLITS/FCDIST/specified).: 1.0000 IO JIE H=
Adjusted  Electrical Current Flowing In Electrode... : 1000.0 amperes 30 Fs= 87
Number of  Conductors in Electrode...........cc....s 10 H3 T =
Resistance of  Electrode System..............c........ 4.8057 ohms HotE HXME
SUBDIVISION

E THE BS=22 MEstoiM 2029 gt
Grand Total of Conductors After Subdivision...... 28 (M&)S2 Aol A &8tgtol EXIAIAECS HI
ME0ICt.

Total Current  Flowing In Main Electrode.....: 1000.0 amperes =EXNEI0 R 872 S
Total Buried Length of Main Electrode............... 240.00 meters =HXE=39 & 20l

EARTH  POTENTIAL COMPUTATIONS

H2AAEN 1,000 amperes)t KM &I
(based on two representative points) AIAEQ|
M0l Xl M0 “0" MMM 4926.5 volts

A or
QE =2

Main  Electrode Potential Rise (GPR)..... 4926.5 volts

il
o

oo
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CASE13} CASE2E Ej % 2dau) A7 Uy a8zl tidk by x] AAlolt), F 299 A7) <kd HA AA
£ 2E3sh7] Ysl CASEL Al IEEE Std 80—2000 / KS C IEC 62305 71¥2.2 AA st CASE2 Al#l+ IEEE
Std 80—2000 / KS C IEC 61936—-17]1% 0.2 1kVE Z¥ste= A 28 b HA| AAE ABtth. CASE2
AbgEle] A 71 AA A HEAYT REAQL] FHe Table 5.9 o] 48 = Utk 0|44 ojHd r|Fo 7 A =
Ao wet Ae B2 a7 YA F AMEe vuE S & & ASlTh

Table 5.= CASE™E A7 71&< 2P88lsto] 27 HAAG 5[Q]e 7IEo.2 A Attt 1,000[A]9] o] A7
E A= S 7 AR A T2 meh A E o] Kol st At of W 2t CASEE thA| 9 sdte
73t (Potential rise) Z, o]’&x gl & At)a E<ko] @70 Fddsr fle AAATY A AAo] HAAN == (HAA

o

Dl FoF 2292 ¢ 5 Uk

>

Table 5. Potential rise and safety voltage simulation model 1

Division CASFE1 CASE2 CASE3
Standard Code IEEE Std. 80-2000 IEEE Std 80-2000 IEEE Std. 80-2000
/ KS C IEC 62305 / KS C IEC 61936-1 / KS C IEC 62305

Surface Electric Room Electric Room Yard

Radial electrolyte Ground Rod | Radial electrolyte Ground Rod

Ground TYPE

Boring 15m x 4 sets Boring 30m x 4 sets 4 sets

Ground Rod +

+ +
Ground Design Bear coper(70sq) + ](33;;);123 I::(C;OS 9 gé;):rcli 1;0((;05 )
Bonding P P E
Location Under Building
Input current 1,000 [A]
Classification rate(8) | 1.0
Rn 5[9] |
Re 4.4914 [Q] 4.8057 [R] 4.6094 [RQ]
Potential rise 44914 [V] 4926.5 [V] 4609.4 [V]

- 137 —



Journal of the Society of Disaster Information. Vol.14, No.2, pp.130 - 140

Casel. 4715 &4 813 &4 &4 o 714

A7 TF2(3D) 917 =(SPOT) A9 HE(3D)
g | SOILSURFACE
=
E -
2 .
& % -
% X AXIE [METERS)
o 2 4 6 8 10 12 14 16 18
ance from Origin of Profile (m)Pote
Case2. 54 T4 HFF L &2 o A7)
A T2(3D) 7197 =(SPOT) A9 BZ(3D)
30
28 r -
™ SOILSURFACE 26+
e i 24- -
= 22 fomo
= 20 0,
3 o i
L] >
. O 12-
n 10+ m
~ 8 arss
I i g
%, - i oz
b X ANIE [METERS) S e
0 2 4 & 8 1012 14 16 18 20 22 24 26 28 30
Distance from Origin of Profile (m)
Case3. 45 U454 HYZ A 79 2 F9 A
AATZ(3D) 917 Z(SPOT)
. SOIL SURFACE
B
-
=
@
B iy
1@%
A A {METERS) 01234567860 10M11213141516
e from Origin of Profile (m)Potenti

Fig. 8. Feature Graphs for the Case-specific Ground Design

— 138 —



H.Y. Kim. et al. - Journal of the Society of Disaster Information Vol.14, No.2, pp.130 - 140, 2018

Table 6. Potential rise and safety voltage simulation model 2

CASE2. 3% &5/ Bed 2 a4 i 1714
Cut-off time 0.5sec
Touch Voltage Step Voltage
Safety voltage
standard (1)
2,779.3[V] 811.8[V]
Designed safety voltage| 666.7[V] 129.2[V]

(571) IEEE std. 80 SHaA<t 71&gk .

Toueh Voltages (All - 2D Spot) [ID:Seenariol]

LEGEND

Maximum Value © 666.711
Minimum Value : 125293

< 86671

< 81257

< 55343

< 50429

€ 45014

< 396.00

= 341.86

< 28772

< 23358

< 17043

~T-5 2.5

X AXIS (METERS)

Touch Voltage Magn. (Velts) [Near]

Fig. 9. Touch voltage

Step Voltages (All - 2D Spat) [ID:Scenariol]

125 |
7 25 |
g
> 75 |
175
-17.5
125 |
% 25 |
!
¥ 75 |
175

LEGEND

Maximum Value ©  129.258
Minimum Value:  2.306

< 12926

< 11656

< 10387

< 9a7

7848

< 8578

< 5309

n

< 4039

< 2770

< 15.00

-17.5

XAXIS (METERS)

Step Voltage-Worst Magnitude (Volts)

Fig. 10. Step voltage

- 139 —



o

Journal of the Society of Disaster Information. Vol.14, No.2, pp.130 - 140

4. 4 2

B =2 AR 123 nAEA 5 849 2 ATA Aol o] A Asksta Ara kol f¥el
He 224 SAE 25k A FAA LA AAls 3HARE AV AR cluA Y] EE 8424
TAE 28] A% =¥e Ve o AvE TR 77 APH L o

4.1 CHX| DRXE E¥n 2N

Wenner 4 ASH o2 =43 v|o]H 5 Table 3.914 37§ X¥2] CASEY A ZHA g H2gs 4
T AU o] F FoB BEYY FAE & F Jdu. A4E HoHE VB F4 p=6.28qaR (4ol ti¥st] MATLAB
AFE 22302 ALleATh &, A& Ay FAe AAATS A 7 fEld ES AU AS T 5
At

2 CDEGS ZE2 0|28t Ejgg LA L5 J2I= ok #X| &A|

A A5E 7dro g A Wi T8 59 bd HA AA VlEs ARt diAEH W e FA, EXY
A Bxe JAZ, HA Az="e] @A, idEE JAE, vl WA F 7 A9 CASEYE HAA =" (HAHF) HAE
ARkttt Zk CASE A EFe] o] ThefstEE Aadol Aot HAHEA #4445 A3t on, A 1/7A3 5H
HolHE 72 ARE FAHFo] A= #ol9 Aol AA3A Ground Rod®} Bear coper & AASATH

olgA A HAAFY HA A2 875t FAEG PRI #hE A& 5 AT Fag aUte] Ay AulE
S AART = SHANA F2A A4 5H1Y 2S5 53HAEA ( Ground Rod + Main Mash) & 2|83} th
T3 CASE29] A9t 2ol B HAANZz" Ao Atart #AsHA 2 43¢ HEFHSH666.7[V]), HIZFHAS
(129.2[V]) o] 3871F9 #S H=ste 29E AL & A

9 QolE1E 371 @ 4 S b cipfol 28| Aol 7 }agi A5 olo} @ Zlole, AMHe Ko r‘&%‘ EEEINE
Folg AAD BA/IEE Bostel BTk HUsn AANL FH AT AA AL Eake] E4ol $7 WA A
Aol Aol UE AFE F7h oz Ayslolol & o BH
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