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Abstract A novel grounding system, which is presented in IEC 60364, has been adopted since 2021. A
safety evaluation for the human body on the grounding system is required due to the various
characteristics of the touch voltage and current passing when the human body experiences an electric
shock. The Korea Electrical Safety Corporation (KESCO) and Korea Electric Association (KEA) have been
conducting a safety technical education on the grounding system. On the other hand, it is difficult to
instruct the electrical safety manager because of a lack of safety evaluations for the test equipment on
the grounding system. Therefore, this paper modeled and implemented a test device for a safety evaluation
depending on the grounding system of IEC 60364. Namely, this paper presents the modeling of the test
device for a safety evaluation using PSCAD/EMTDC S/W, which is composed of an AC grid section, s test
device section on the grounding system, and a sub-device section. This paper implemented a test device
for safety evaluation, which consisted of an AC grid section, TT grounding system section, TN-S grounding
system section, and monitoring section. From the simulation and test results with the safety characteristics
of the human body in the TT and TN-S grounding system, when the fault impedances are 0[Q], 10[Q],
and 100[Q], the currents passing through the human body in the TT grounding system are 104[mAl,
87.4[mAl, and 35.5[mAl, respectively. The corresponding currents in the TN-S grounding system are
54.9[mAl, 4.1[mAl], and 0.4[mAl, respectively. Based on the results, the protection performance for an
electric shock to the human body in the TN-S system is better than the TT system. This can be improved
when the existing grounding system is changed from the TT system to the TN-S system.
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Table 1. Simulation and test conditions

items contents
line impedances )
4. %, 7, 7, Z. %) 0.031(10m/line)
impedances of PE conductor )
(Z. Z. %) 0.031(10m/line)
element of Eia A0
grounding E . 100021
resistance E... 3101
grounding resistance
( Ra) 1000[2]
element of resistance of human body
hum.an body (R) 1000[02]
resistance
fault impedances 0[@],10[Q),
(Rp) 100021
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Fig. 19. Configuration of fault current flow in TT
grounding system

Table 2. Current passing through human body in TT
grounding system

impedancejs at fault current current passing through
fault point ) human body
(Bp) g 2,
orel 2.26[A] 107.4[mA]
10001 2.05[A] 97.5[mA]
100001 1.11[A] 53.4[mAl

g, 23 dudEA(R)7F 0[Q), 100, 100[¢]
Ql A%, Al HEFHUE Table 39+ 7ol 109.1[V],
90.2[V], 35.3lVI2 AH4ES & 5 Aok webA, 1%
d AHEA(RH7E 0[Q], 1000191 AL, HEHYo]
50[VIelido] o] IEC 6047994 8oh= HEAYE
2o g QA FFFS S & & Atk

Table 3. Touch voltage of human body in TT
grounding system

impedanC?s at fault fault current touch voltage
point 7
7 ) 8%
0re] 2.26[Al] 107.5[V]
10091 2.05[A] 97.5[V]
100[0] 1.11[A] 53.4[V]

5.3.2 TN-S TX|dAlo| EM

TN-S A4 QA thd7171(A)S] 1783 2l
AA(RH7F 0001, 10[Q], 100[Q]% AL, AAnAFRE
Fig. 203} Zo] A= dudA Z 3} 7,5 F3sto] QA

W2 52T, o3 YAHPDE B WAF
(E.p B2 SY8% A5 AR 710
2% AAS E T AAFOR BEE AS T 4 9
o E3, 91| SHAFE FoHE Table 49} 2o] 217}
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Fig. 20. Configuration of fault current flow in TN-S
grounding system

Table 4. Current passing through human body in
TN-S grounding system

imfpedanc?s at fault current current passing through
ault point ) human body
(Ry) ! ()
orel 1182.8[A] 54.9[mA]
10001 21.6[A] 1.0[mAl
100[Q] 2.2[A] 0.1[mA]

M, A AWEA(RH7E 0001, 10091, 100001
Q AL, AA HEHALL Table 59 o], 54.9[V],
1.0IV], 0.1[VIZ AFHEE & 4 Aot weha] 143
AWEX(RH)7F 010190 FF-, HEHYo] 50[VIel4ol
E]o] IEC 60479914 8ot HEAYS 29t d
QA FFFE vHS & & Uk

Table 5. Touch voltage of human body at TN-S
grounding system

impedanct?s at fault fault current touch voltage
point
i ) 8%
0[9] 1182.8[A] 54.9[V]
10001 21.60[A] 1.0[V]
100001 2.20[A] 0.1[V]
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Table 6. Characteristics of current passing through

human body and touch voltage in
grounding system
impedances at fault point simulation test
() results results
orel 107.5[mAl 107.4[mA]
current passing TT 10[0] 97.5[mA] 97.5[mA]
through human 100[0] 53.0[mAl 53.4[mAl
l(’;dz ol0] | 549mmAl | 549mal
92 TN-S | 10[0] 1.0[mAl 1.0[mAl
100[0] 0.1[mA] 0.1[mA]
orel 107.5[V] 107.5[V]
TT 1000] 97.5[V] 97.5[V]
touch voltage 100[0] 53.0LV] 53.4[V]
4% 0r0] 54.91V] 54.91V]
TN-S 10[0] 1.0[V] 1.0[V]
100[0] 0.1[V] 0.1[V]
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