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Abstract This paper derived the safety voltage using the grounding program (Ground Mat). In particular,
the safety voltage was derived for the factory ground resistance of below 1 Q or less, allowable Touch
Voltage (&,,.,) of 209.17 V, and allowable Step Voltage (Z,,,) of 344.54 V as required by the customer.
Moreover, we perform simulations under the conditions of factory grounding design, which applied IEEE
Std. 80. In this simulation, five ground rods with a mesh grounding interval of 10x10 m, were
considered. Further, the expected Touch Voltage (%) is 122 V or less, the expected Step Voltage (%)
is 86.1 V or less, and the grounding resistance is 0.44 2 in the simulation. Additional simulations were
also performed with the condition changed to 5 ground rods with a mesh grounding spacing of 15x15
m, an expected Touch Voltage (&) of 140 V or less, an expected Step Voltage (Z,) of 86.1 V or less,
and a ground resistance of 0.48 Q. The simulation result of this paper satisfies the grounding design
because the allowable contact voltage and allowable step voltage are greater than the expected contact

voltage and expected step voltage (&,,.> %, YE). It is also verified through simulation that the

atcp

grounding resistance value is lower than 1 Q as required by the customer.
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Table 1. Type of soil and earth resistivity

Classification Mud Clay Sand Sand-stone
Resistivity 100 150 250 10,000
(9 -m) ~200 ~300 ~500 ~100,000
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Fig. 1. The influence of the seasons
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Table 2. Moisture content
Moisture
content(%) 2 6 10 28
R’f;iftzf;y 1800 | 380 220 60
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Table 3. Earth resistivity with temperature

Temperature(C) Barth resistivity(Q - m)
20 72.
10 99
0(Water) 138
0(lce) 300
-5 790
-15 3,300
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Table 4. Naju Factory, Jeollanam-do

Condition Contents
Date 04. 2021
Location Naju, Jeollanam-do
Customer A engineering
Project Name Naju factory
Capacity 400 kVA
Gross area 4,590

Measurement Methods

4-Point Wenner Method

Measuring Equipment

CAG6470N

Calculation

Farth Resistivity(Q - m)
=6.28 x Distance(m) x
Resistance

(1) HRAZE At

Fig. 3. CAG470N(Earth resistivity meter)
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Fig. 4. Earth resistance measurement data

(a) Field Measurement Panorama

(b) Inter-electrode distance : 1 m
(c) Inter-electrode distance : 2 m
(d) Inter-electrode distance : 4 m
(e) Inter-electrode distance : 8 m
(f) Inter-electrode distance : 12 m
(g) Inter-electrode distance : 16 m

A AGS Fig. 49+ o] A= AGLE 1 m, 2 m,
4m, 8 m, 12 m, 16 mE =%3}4 Table 59 Zo]
AArE dlolg gho] =, o] & Ground matoll A&
#lo] A 51 Fig. 59 o] A% 205.63 @ * m, SRF
% 9.06 0 * m g FRIT & Stk

ISurface Materialll Height {mm}  Resistivity (ohr Redraw
[ 30 150" Earth Library...
Laver Thickness Resistivity |
Y (meters) (ohms - m)
Sail 1 1.0002] 205.63
Soil 2 Infinit 9.06

Fig. 5. Ground resistivity according to the ground mat

Table 5. Earth resistivity measurement

. . Earth
. Measuring Resistance .
Location X Resistivity
distance(m) (9)
(Q -m)
1 48.4 303.95
2 27.4 172.07
4 13.0 81.64
Naju factory
8 5.40 33.91
12 2.19 13.75
16 1.45 9.12

2 HA A 35 =4

Table 6o4] Hi= Hiel o] JA|HbAle FFHX],
284 IEEE Std. 80, A2 3,600 nf, FAH=
¥ Ground electrode ground rod @ 18%1.8 m%} B
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& Ground electrode BC wire 70 m? 1E8|=HHF

Summary for Grid: Main

= ol% = Number of Grid Conductors: 14
1000 A, :ﬂ-xo]- X]"I:]_-/\]Z} 05 S, 111-" xﬂ—é— 50 kg, —9-?- Number of Ground Rods: 5
- _ _ Total Length of Grid Conductors: 840.00 Meters
HAAAYE 1 Qo|3tE &85t Total Length of Ground Rods: 8.00 Meters
Total Length of All Grid Conductars: 848.00 Meters
Symmetrical Ground Fault Current: 1000.00 Amps
. e . Maximum Grid Current: 513.09 Amps
Table 6. Ground design specification Grid Resistance Rg: 0.44 Ohms
Grid Potential Rise (GPR): 225.93 Volts
Condition Contents o)
Grounding method Common ground Design Criteria
Applicable standard IEEE Std. 80 Touch Voltage Limit: 209.17 Volts
Step Voltage Limit: 344.54 Volts
Ground area 3,600 m Maximum Grid Current: 513.09 Amps
A¥ ground electrode ®)
ground rod ® 18x1.8 m .
Ground electrode Study Setup and Options
B¥ ground electrode Tolerance: 1.00e-005
BC wire 70 mr Max Number of Iteration: 1000 Series Terms
. Body Resistance: 1000 Ohms, IEEE Standard 80
Grid current 1000 A Foot Resistance: 550.13 Ohms
R R Fault Clearing Time: 0.50 Seconds
Interrupting time 0.5 s Tolerable Body Current Limit: 0.164 Amps, IEEE 50 kg body
Human weight 50 kg Fault Current Division Factor Sf: 0.50
Division Factor Sf Calculation Method Used: User Defined
3 3 0]35] Symmetrical Ground Fault Current If: 1000.00
Required earth resistance 1 QoJst e orouna e
(©

(3) Mesh HA] 744 9 HAG HA] &=F

Table 7014 H+= AAE Mesh HA 714 10x10
mo]| Y25 57, Mesh HA 7+4 10x10 mof HA5
1070, Mesh FA 7t4 15x15 mo] HA%& 574, Mesh
A 714 15x15 mof| FA% 107§= Ground mato]l
diQlste] AlEEo]dS HHSHATT.

Table 7. Mesh ground spacing and Ground rod

quantity
. Ground rod
Ground area |Mesh ground spacing(m) quantity(ea)
10x10
3,600 m' 5, 10
15x15

3. 3 FX Al H nE

3.1 AZY01M =A 1

A 36 243 Mesh 72 10x10 m, FX%& 571
£ o|-&sto] AlEd|olA S Fig. 6014 Hi= v} o]
5|8 Touch Voltage(#,,,,) 209.17 V, 5§ Step
Voltage(#,,,,) 344.54 V °l3}, 9% Touch Voltage
(E) 122 V, 94 Step Voltage(E,) 86.1 V °J3f,
Euer? B, By ECIT, FAXNT 044 002 A4
274 wEskeich
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Fig. 6. Ground design verification using Ground Mat

(a) Mesh spacing, Ground rod, Conductor length,
Ground resistance, GPR

(b) Allowable Touch Voltage and Allowable Step Voltage
(c) Interrupting time and Human weight

(d) Expected Touch Voltage

(e) Expected Step Voltage



3.2 NS0l =A 2

HA B35 2243 Mesh 2+ 10x10 m, FA% 10
NE ol&sto] Al 3P Fig. 7004 K Hieh 2
o] 5]-& Touch Voltage(Z,,,.) 209.17 V, 5|8 Step
Voltage(£,;,,) 344.54 V ©lst, 9% Touch Voltage
(&) 98 V, 94 Step Voltage(E,) 86.1 Vols},
B B, By BT, HAAT 036 002 47

ESIRE e

Summary for Grid: Main

Number of Grid Conductors: 14
Number of Ground Rods: 10
Total Length of Grid Conductors: 840.00 Meters
Total Length of Ground Rods: 17.00 Meters
Total Length of All Grid Conductors: 857.00 Meters

Symmetrical Ground Fault Current:
Maximum Grid Current:

Grid Resistance Rg:

Grid Potential Rise (GPR):

1000.00 Amps

513.09 Amps
0.36 Ohms
183.43 Volts

(a)
Design Criteria
Touch Voltage Limit: 209.17 Volts
Step Voltage Limit: 344.54 Volts
Maximum Grid Current: 513.09 Amps

Study Setup and Options

Tolerance:
Max Number of Iteration:

1.00e-005
1000 Series Terms

Body Resistance:

Foot Resistance:

Fault Clearing Time:
Tolerable Body Current Limit:

1000 Chms, IEEE Standard 80
550.13 Ohms
0.50 Seconds
0.164 Amps, IEEE 50 kg body

Fault Current Division Factor Sf: 0.50 |
Division Factor Sf Calculation Method Used:  User Defined
Symmetrical Ground Fault Current If: 1000.00
Decrement Factor Df: 1.02618

(©

Touch Voltage - Study2
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Fig. 7. Ground design verification using Ground Mat
(a) Mesh spacing, Ground rod, Conductor length,
Ground resistance, GPR
(b) Allowable Touch Voltage and Allowable Step Voltage
(c) Interrupting time and Human weight
(d) Expected Touch Voltage
(e) Expected Step Voltage

3.3 AIZ40|M =A 3

HA 35 2743} Mesh 7H4 15x15 m, FA%& 574
£ ol-&sto] AlEHold SHA Fig. 804 Hi= HE} Zo]
5]-& Touch Voltage(Z,,,,) 209.17 V, &8 Step
Voltage(Z,;,,) 344.54 V °lst, 9%} Touch Voltage
(F) 140 V, 9%} Step Voltage(£,) 86.1 Volsl,
Epua B, Ey.y BT, FAXNT 0.48 002 A4
274 WSSk

Summary for Grid: Main

10

Number of Grid Conductors:
Number of Ground Rods: 5

Total Length of Grid Conductors:
Total Length of Ground Rods:
Total Length of All Grid Conductors:

600.00 Meters
8.00 Meters
608.00 Meters

Symmetrical Ground Fault Current: 1000.00 Amps
Maximum Grid Current: 513.09 Amps
Grid Resistance Rg: 0.48 Ohms

Grid Potential Rise (GPR): 243.97 Volts

(a)
Design Criteria
Touch Voltage Limit: 209.17 Volts
Step Voltage Limit: 344.54 Volts
Maximum Grid Current: 513.09 Amps
(b)
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Study Setup and Options 3.4 Al%a‘"m*‘j }_?_'l 4
Tolerance: 1.00e-005 A 3= 24T Mesh 748 15%x15 m, A& 10
Max Number of Iteration: 1000 Series Terms - - X
W& ol-&sto] AlEFo] A S Fig. 904 Ei= Hiet 2

Body Resistance: 1000 Ohms, IEEE Standard 80 ol 3l E =19
Foot Resistance: 550,13 Ohms | 518 Touch Voltage( t"“fh) 209.17 V. 8 Step
Fault Clearing Time: 0.50 Seconds Voltage(E. 44.54 V o]3] A} Touch Voltage
Tolsrable Body Current Linit: 0.164 Anps, TEEE 50 kg body ge( Step) 544.5 1ot e 8

— (E) 110 V, 94} Step Voltage(E,) 86.1 Volsl,
Fault Current Division Factor Sf: 0.50
Division Factor Sf Calculation Method Used:  User Defined E a0 E, Estep>E;O]37_, AAAE 0.38 9oz AA
Symmetrical Ground Fault Current If: 1000.00 _
Decrement Factor Df: 1.02618 ZAE =S

(©

Summary for Grid: Main

Touch Voltage - Study1

Number of Grid Conductors: 10
Number of Ground Rods: 10

o~ Total Length of Grid Conductors: 600.00 Meters
Total Length of Ground Rods: 17.00 Meters
Total Length of All Grid Conductors: 617.00 Meters
Symmetrical Ground Fault Current: 1000.00 Amps
Maximum Grid Current: 513.09 Amps
Grid Resistance Rg: 0.38 Ohms
Grid Potential Rise (GPR): 194.55 Volts

(a)

am

O oW Iw:_.@ @ D=0 ] o Design Criteria

@ Touch Voltage Limit: 209.17 Vol ts
, S Step Voltage Limit: 344.54 Vol ts
| Step¥ooge - Syt~ © P Maximum Grid Current: 513.09 Amps

: (b)

Study Setup and Options

- s Tolerance: 1.00e-005
. . Max Number of Iteration: 1000 Series Terms
rm N Body Resistance: 1000 Ohms, IEEE Standard 80
B Z Foot Resistance: 550.13 Ohms
15m - Fault Clearing Time: 0.50 Seconds
Lom 4 Tolerable Body Current Limit: 0.164 Amps, IEEE 50 kg body
[ i 7 |Fau]t Current Division Factor Sf: 0.50 |
Lo Al Division Factor $f Calculation Method Used:  User Defined

g s s gllsl el ig gl e lg I ETTRTTE Symmetrical Ground Fault Current If: 1000.00

(© Decrement Factor Df: 1.02618

(©
Fig. 8. Ground design verification using Ground Mat c

(a) Mesh spacing, Ground rod, Conductor length,
Ground resistance, GPR

(b) Allowable Touch Voltage and Allowable Step Voltage
(c) Interrupting time and Human weight

(d) Expected Touch Voltage

(e) Expected Step Voltage
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Touch Voltage - Study3

Table 8. Simulation result case

Mesh ground | Ground rod \',r;tl:ghe Viiteapige refi:trzftgce
spacing(m) | quantity(ea) (B) (B) ©)
10x10 5 122 86.1 0.44
10x10 10 98 86.1 0.36
15x15 5 140 86.1 0.48
15x15 10 110 86.1 0.38

Table 994 B ZAA¥ Mesh 74 10x10 m, &
2% 571 4 o, 8,420,8849, Mesh 7+2 10x10 m,
HAAE 1078 € ), 8,591,881, Mesh 7t& 15x15
m, A5 571 & W, 6,149,461, Mesh 7+4 15x15
m, FAE 1070 2 o, 6,231,96190% A[EH o)A *
7 30] 7H} AAVSE wEAE 4 e JA AAT H
PSS AT 4= UGk

4 Table 9. Mesh length and Amount of money (material
4 cost contrast, Unit price standard (2021))
N Mesh ground | Ground rod Mesh Amount of
spacing(m) | quantity(ea) length(m) money(won)
10x10 5 848 8,420,884
Fig. 9. Ground design verification using Ground Mat 10x10 10 857 8,591,881
(a) Mesh spacing, Ground rod, Conductor length,
Ground resistance, GPR 15x15 5 608 6.149.461
(b) Allowable Touch Voltage and Allowable Step Voltage
(c) Interrupting time and Human weight 15x15 10 617 6,231,961
(d) Bxpected Touch Voltage
(e) Expected Step Voltage
3.5 A 21t ¥ 0% 4 7=
LI — =

AA Z23W(Ground MapS ol8st +8&7Ft
QT A AAAMI} 1 Qolsk & Touch
Voltage(#,,,) 209.17 V, 31-& Step Voltage(Z,,,)
344.54 V9| 3t olst= FAMYS TEoY] Hsto] 47t
A 24L& AEF ol 3 A= Table 8ofl4et 2ol 4
4} Touch Voltage(£)= 122 V, 98 V, 140 V, 110
V, 9l Step Voltage(E,)= B 86.1 V oJ3l& &8
AEAYT 58 BEAYo] ai AESHGT A B2
APETG 23, FAAFE 0.44 Q, 0.36 Q, 0.48 Q,
0.38 Qo= AlEF oA He AL IRAT 5= AU
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A7k A= Aol wh S EiEAdE] 1,000
kW oliolgt Al&stdd FA AUEAE 1,000 kW 7]
o] B39t 34 Avo ARE- A AAF WYL EfiE]
o] HA| ALAE AEsof gt

2 =79 ZAdE 444] 400 kVAR A A
AXE AlETtojof sk AEC &3ith

3% AA A% IEEE std. 80 ¥ KEC IEC
61936-15 A8sto] = 7] AH¥] 8 (Korea
Electro- technical Code, KEC)OIA 37-5F= thA|A
FEFF e AE 24 AmE 2R oto] HA 22
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I9E ol&sto] o3t 22 2ES 5 5 Ak

(1) Mesh 7+4 10x10 m, FX%& 574& ©]-&stHd 3
& Touch Voltage(&,,4) 209.17 V, 3-& Step
Voltage(E,,,,) 344.54 V °ls}, %} Touch
Voltage(Z,) 110 V, 94 Step Voltage(Z,)
86.1 V olo}, £, B, E,.,) EC1AL HAAG
0.38 0oz A4 275 ST 5 A

(2) Mesh 74 10x10 m, FA%E 10745 o8t
58 Touch Voltage(Z,,) 209.17 V, 3]&
Step Voltage(Z,,,) 344.54 V olsl, 9%
Touch Voltage(#,) 98 V, 4 Step Voltage
(£,) 86.1 V °I8}, B0, Ey.,E,°13L, 3
AAZ 0.36 Q0= A4 A gRIg 5= AT

(3) Mesh 74 15x15 m, HAE 57/1& ol-&std
3-8 Touch Voltage(Z,,,) 209.17 V, 3& Step
Voltage(£,,,) 344.54 V °oJst, 9’} Touch
Voltage(£,) 140 V, 94 Step Voltage(E,)
86.1 V oI}, Eyyd B Ey B0l 844
048 00 & HA ATE AT = SUSITh

(4) Mesh 7+4 15x15 m, ZA& 1074E o]&std
38 Touch Voltage(Z,,,) 209.17 V, 3&
Step Voltage(£,,,) 344.54 V olst, 9%
Touch Voltage(Z,) 110 V, 4} Step Voltage
(E) 86.1 V °Is}, E,,,) B, Ey.»E°l3L, A
AAF 0.38 Qo= HA Z2E ZRIF 5= Ik

(5) 318 FEHYT 58 BEHY0] A FEAY
o} BEMAET 33, HAAZL 1 Qolst
2 7P} AAEel e AlEEleld 2ACEE
Mesh 7H4 15x15 m, HAE 571 A=A
AL BALE THEAE £ e FA A

39,
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