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Abstract The judgment criteria of the Korea Electro-technical Regulation have been incorporated into
the Korea Electro-technical Code(KEC) and are currently being applied. Electric Shock Protection for
low-voltage judgment criteria center on the installation of an earth leakage breaker and ground
resistance value, but the KEC stipulates that the acceptable human body contact voltage limit should be
50 V, and that if body contact voltage exceeds 50 V, a Protective Device should be installed to limit the
energization time. In this paper, the possibility of Electric Shock Protection by Power Cut-off using an
Over-current Circuit Breaker in the field was simulated using capacities of 10, 100, or 300 kW. We found
that the Over-current Circuit Breaker installed in the field did not satisfy the maximum trip time of <
5 seconds stipulated in the KEC. Furthermore, a review of an electronic Over-current Circuit Breaker
with adjustable operating characteristics revealed that setting short-time current(Isd) and short-time trip
time(Tsd) settings to 10 kW(7 times the rated current, 50 ms), 100 kW(5 times the rated current, 50 ms),
300 kW(twice the rated current, 50 ms) resulted in Over-current Circuit Breaker operation within 5
seconds of the maximum cut-off time stipulated in the KEC for a fault current and confirmed the

feasibility of Electric Shock Protection by Power Cut-off.
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Table 1. Maximum cut-off time of the protective device

Maximum Cut-off Time(s)
Range of Nominal Branch Circuit Branch Circuit
Earth Voltage or less 324 over 32A
8 AC DC v
N TT N TT N TT
sov¢ U, <120V | 08 | 03 | - | -
120V¢ Uy <230V | 04 | 02 | 1.0 | 04 | |
5
230V¢ U, <400V | 0.2 | 0.07 | 0.4 | 0.2
Uy 400V 0.1 |004| 01 | 0.1
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Fig. 2. Electric shock protection review flow chart by
power cut-off in TN and TT systems
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Table 2. Power Side Impedance

4.1 Sy B AlZ0IM 24
Z

— |
1718v]= wil | £7] F=Akd710] Ak

©OMain
Circuit
Breaker

Main
Circuit
Breaker

Division

I
I
5

Single Phase Single Phase
. 100A or less over 100A
Division Single Single
Phase 3-phase Phase 3-phase

Transformer | 34 6 15 | 0.20410.18 | 0.20410.12 | 0.24410.19
Impedance

Voltage(V) 220 380/220 220 380/220

Table 3. 0.6/1 kV CV, CE, F-CV, TRF-CV Cable
Impedance

Cross | Single-core Cable(Q /km) | Multi-core Cable(Q /km)

-sectional|  Single Single

Area Phase Phase
() R | X | R|X|R[X]|R][X

10 [2.33350.1346R.3335]0.152 2.33360.0954[2.3336(0.1041

16 [1.4665/0.128 [1.46650.1455]1.46660.0925[1.46660.1012

35 0.668500.11890.6685)0.13630.6686/0.0901)0.6687/0.0988

50 0.49410.115(0.49390.13240.49410.0892(0.4942/0.0979

70 0.342600.1081(0.34240.1255(0.3427|0.08780.34290.0965

185 0.1291/0.102200.1284{0.11960.12910.08620.12950.0949

3-phase 3-phase

Fig. 5. Loop Impedance Diagram
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Table 5. 10 kW On-site Electrical Equipment Specifications

Division Earth Conductor Length Impedance
Voltage(V) Type (m) (9)
Z, - - 0.3413
TFR-CV
Z,
1 10 ur 30 0.07
TFR-CV
Zey 220 10 50 0.1170
TFR-GV
Zype 0 m(;’z 50 0.1170
TFR-CV
Zppn 10 30 0.07
Sum - 0.7153
1. Main Circuit Breaker : 50 A
2. Protective Conductor : TFR-GV 10 mr
Electrical | 3. Branch Main Circuit Breaker : 40 A
Equipment | 4. Transformer Capacity : 150 kVA
Information; (Single Phase 50 kVA x 3)
5. Trunk Line Type : TFR-CV 10 mr
6. Branch Line Type: TFR-CV 10 mr

Table 6. 100 kW On-site Electrical Equipment Specifications

Divisi Earth Conductor Length | Impedance
tvision Voltage(V) Type (m) (Q)
Z - - 0.306
Zy, TFR-CV 70mrt 30 0.0108
Zeq 220 |TFR-CV 50mf 100 0.0507
ZgpE TFR-GV 35mf 100 0.0365
g TFR-CV 70wf| 30 0.0108
Sum - 0.4148
1. Main Circuit Breaker : 175 A
2. Protective Conductor : TFR-GV 35 mrf
Electrical | 3. Branch Main Circuit Breaker : 100 A
Equipment | 4. Transformer Capacity : 225 kVA
Information (Single Phase 75 kVA x 3)
5. Trunk Line Type : TFR-CV 70 mrf
6. Branch Line Type : TFR-CV 50 mr

Table 7. 300 kW On-site Electrical Equipment Specifications

Division Earth Conductor | Length Impedance
1ist Voltage(V) type (m) (9)
Z, - - 0.306
TFR-CV
Z,
i 185 w 50 0.0088
TFR-CV
Zy 220 50 m 120 0.0614
TFR-GV
Zgpg 50 120 0.0614
TFR-CV
Zpin 185 mr 50 0.0088
Sum - 0.4464
1. Main Circuit Breaker : 300 A
2. Protective Conductor : TFR-GV 50 mrf
Electrical | 3. Branch Main Circuit Breaker : 175 A
Equipment | 4. Transformer Capacity : 300 kVA
Information (Single Phase 100 kVA X 3)
5. Trunk Line Type : TFR-CV 185 mr
6. Branch Line Type : TFR-CV 50 mr

4.2 BHE AF A0 ALt

4.2.1 & 10 kW
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Table 8. Capacity 10 kW adequacy assessment

Division Adequacy Assessment
_ A (earthvoltage) 220
Fault Current Z(fault loop impedance) ~ 0.7153
307.56A
Protection - .
N Molded Case Circuit Breaker : 40A
Device
Operation [
peratio §=—"=7.69
Magnification 1
Pro.tectlov Operates in 28 seconds at 7.69 times the rated
Device Trip
) current
time
Dissatisfaction
Result s . . .
(KEC's Maximum cut-off time within 5 seconds)
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Fig. 6. 40A Over-current Circuit Breaker TCC Curve
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422 8% 100 kW
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Table 9. Capacity 100 kW adequacy assessment

Division Adequacy Assessment
_ A (earthvoltage) 220
Fault Current| /' Z.(fault loop impedance) ~ 0.4148 ~
530.38A
Protection L .
; Molded Case Circuit Breaker : 100A
Device
Operation 5= iz 53
Magnification 1, ’
Protection . .
R .| Operates in 50 seconds at 5.3 times the rated
Device Trip
X current
time
Dissatisfaction
Result (KEC's Maximum cut-off time within 5
seconds)
10000
BE o =
0 T3
i 1\
= 1000 \
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Fig. 7. 100A Over-current Circuit Breaker TCC Curve

4.2.3 8% 300 kW
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Table 10. Capacity 300 kW adequacy assessment

Division Adequacy Assessment
B Uo(earth voltage) o220
Fault Current | *f Z.(fault loop impedance) ~ 0.4464 ~
492.83A
Proteqion Molded Case Circuit Breaker : 175A
Device
Operation _ i _
Magnification 6= I = 2816
PI'O.IECUOl"l Operates in 500 seconds at 2.816 times the
Device Trip
. rated current
time
Result Dissatisfaction

(KEC's Maximum cut-off time within 5 seconds)
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Fig. 8. 175A Over-current Circuit Breaker TCC Curve
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Table 11. Electronic Type TCC Curve & Setting Range

Time Current Characteristic Curve

fa, (D Overload

s j<‘. i> .9 protection
NIAL
r

(long time)

10

a8
\ 7 @ Short circuit
=)/8 protection
2% ‘/ o (short time)
15 10
Isd(xIr) 3
2 < D)
Tsd 1% ;,')37

05
tsd (s)

I ] .

Isd li

(@) Short time
tripping
delay

Tsd

leu |

Overload Protection
(Long Time)
0.4 0.45 0.5 0.6 0.65 0.7 0.75 0.8 0.85 0.9
10X 1,

I

Trip

time(s) Fixed

Short Circuit Protection
(Short Time)

1523456781071
(9 settings, Tolerance * 15%)

Setting
Time
(ms)
Operation
Time
(ms)

50 100 200 300

4

setting
s

140<t<
240

240<t<
350

30
(<70

70
<140

Short Circuit Protection
(Instantaneous)

Fixed at 11X1,

Table 12. Comparative Analysis Result

Over-current Circuit Breaker
Capacity| Fault In use Improvement(electronic)
C(RatEd) Cu(r/i)ent Trip Trip Trip
urrent, Time | Result || Current | Time | Result
(s) (4) (s)
10 kw ,D}S ) Dial® | Dial® satisfacti
40 A) 307.56 || 28 |satisfactid set to 7 | set to on
n 280 0.05
100 kw ,D‘is . Dial® | Dial® satisfacti
(100 A) 530.38 50 [satisfactid| set to 5| set to on
n 500 0.05
Dis Dial®@ | Dial® | . . .
?10705 k;; 492.83 || 500 [satisfactid| set to 2 | set to satisfacti
n 350 | 005 | "

% Satisfaction within 5 seconds
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