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Analysis on Electric Shock Current in DC Electricity

Jin-Sung Lee' and Hyosung KimT

Abstract

Recently, DC distribution systems have become a hot issue because of the increase in digital loads and DC
generation systems according to the expansion of renewable energy technologies. To obtain the practical
usage of DC electricity, safety should be guaranteed. The main concerns for safety are twofold: one side is
human protection against electric shocks, and the other is facility protection from short faults. “Effects of
current on human beings and livestock” (IEC 60479) defines a human body impedance model in electric shock
conditions that consists of resistive components and capacitive components. Although the human body
impedance model properly works in AC electricity, it does not well match with the electric shock behavior in
DC electricity. In this study, the contradiction of the human body impedance model defined by IEC 60479 in
case of DC electricity is shown through experiments for the human body. From the analysis of experimental
results, a novel unified human body impedance model in electric shock conditions is proposed. This model
consists of resistive components, capacitive components, and an inductance component. The proposed human
impedance model matches well for AC and DC electricity environments in simulation and experiment.

Key words: DC distribution, Electric shock current, Human body impedance, IEC 60479, Residual current

AR Ae] oba
ojopattill 3x =
9 7]17]19] okdAo|t}. F
olgte] WAske FA
_O__i ?5‘}-_—]—_7_ %]\]jr[Z]’[él]. ?‘
[EC 60479 #7]4 <A
HEz00 et Aelsty
Az EC 6047900
ZRARAFAA AA el 3
o 7H5go]

oA Ry} 5
=2 Ay
#gke] Ao
e 71
A

5]
gHA| 2]
150mA
o

o7 Aol

e

=

o
N

XU

Ql

oz
oo

O

[¢]
-
~

=
oA

&
i)
du Lo et
2 o o ox

of

{1

6=

[e)

O

2 b

Ty

]_

Iz o
rre
¢

l

N,
of

al

rir

»

A

X0 N
o|

NS

Q)
=

Paper number: TKPE-2016-21-3-9
Print ISSN: 1229-2214  Online ISSN: 2288-6281

T Corresponding author: hyoskim@kongju.ac.kr, Div. of Electrical,
Electronic and Control Eng., Kongju National University
Tel: +82-41-521-9167 Fax: +82-41-563-3689

1Dept. of Electrical, Electronic and Control Eng., Kongju
National University
Manuscript received Dec. 10, 2015; revised Jan. 6, 2016;
accepted Mar. 2, 2016

— 2 == 2015 MHTAeta 3|

o) A7), LR ARBANN AARA <

Ede A71A shsRe BE
18

Bome du > & o
fo
rir
ul
i

o My it Ob oot rfr pw
NOR= A < T

%)
i)
fo
o
B

¢
rlo
=]
Lo
>
=]
8 (
o

TN
i 3|
il

du N

ot o

of
{1
2
I 30
Lo

2 o
AR

¢

tlo

ﬁd
off
o

>
©

no Bl 2

& odu o

T s A
2 JU AT g0 e

=

2.1 I[EC 60479 ¥
[EC 60479914 +=
AA et A 83
Atk F, AA ]

= il
el AL Fob, e

2 Ok [y

=
=
al



Zr

IEC 980/05

Fig. 1. Human body impedance model.

Fig. 2. Percentage distribution of human body equivalent

internal impedance.

TABLE 1

TOTAL IMPEDANCE ON DRY AND WET HAND TO HAND

A3l A Q1A el

Zi: Inside impedance
Zs1.Zs2 : Impedance of skin

ZT : Total impedance

OF HUMAN BODY IN AC AND DC ENVIRONMENT

Value(maximum value) for the total

Touch impedances Z([{1]) that are not
voltage | exceeded for percentages 95% of the

[Vl population in

AC DC

25 6,100 7,275

50 4,600 5,325

75 3,600 4,100

100 3,125 3,350

125 2,675 2,875

150 2,350 2,475

175 2,175 2,225

200 2,050 2,050

225 1,900 1,900

400 1,275 1,275

500 1,150 1,150

700 1,050 1,050

1,000 1,050 1,050
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Fig. 3. Effect of AC shock—current to the human body.
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Fig. 4. Effect of DC shock-current to the human body.
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Fig. 5. Test circuit for monitoring shock-currents through

human body in DC and AC environment.

TABLE II
EXPERIMENTAL ENVIRONMENT
Parameter Value
Contact DC 100 [Vncl
voltage AC 100 [Vims]
Man 8
Cemdler ‘Women 1
Number of human samples 9
Contact humidity dry
Contact temperature 22°C
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Fig. 6. Shock current waveforms through human bodys in
DC electricity.
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Fig. 7. Shock current waveforms through human body in
DC electricity.
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Fig. 10. Proposed equivalent circuit of human body in AC

environment.

Measure

A9 Ahe}

Rac
Cac

Parameter
w2 29 79 AF QA7

Rac
TABLE IV

ESTIMATION OF HUMAN BODY IMPEDANCE IN AC

ELECTRICITY

Measure
value
041mA
0.4ms

Iac
ATac

lac

Parameter

ol wf, 2 (<] A

Measure
value
308k
152kQ
1,061H
520kQ
133pF

3 } ZeqiDC

Fig. 8. Proposed equivalent circuit of human body in DC

environment.
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Ry
Ly
Rs
G

Parameter

TABLE II

ESTIMATION OF HUMAN BODY IMPEDANCE IN DC
ELECTRICITY

Measure
value

0.33mA
0.66mA
Tms

0.19mA

0.07ms

L
L
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Fig. 11. Proposed unified equivalent circuit of human body
in DC and AC electricity.
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Fig. 12. Simulation scheme of an proposed unified equivalent
circuit of human body in DC and AC electricity.
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Fig. 13. Simulation shock—current waveform by an proposed
unified equivalent circuit of human body in DC electricity.
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Fig. 14. Simulation current waveform by an proposed
unified equivalent circuit of human body in AC electricity.
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Fig. 15. Simulation capacitive in rush current(I¢,) waveform
by an proposed unified equivalent circuit of human body in
DC electricity.
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