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A Circuit Model to Estimate Electric Shock Hazard"
by  Eiki YAmANO**

Abstract; The allowable current of electric shock accident depends on the body current properties
O waveform, duration and frequencyl] contact locations and other factors of the human body. Until recent
years, only* commercial AC or DC” was presumed as a body current in electric shock accidents. The use
of electric power converters recently has increased in electric power systems, such as solar power generators,
and may be a possible source of fault currentl or body current] besides* commercial AC or DC.” Moreover,
the allowable limit of current is often unknown except for* commercial AC or DC.” The limits for other
currents must be made available in order for a circuit model to be used to estimate whether a particular
body current is allowable. A trial of such an approach is reported herein. A circuit model was composed
for the above use and was checked for the known data of the threshold current of ventricular fibrillation
as follows.
00 10 Circuit constants were optimized to the IEC’s data of threshold current by the least squares method.
020 The DC threshold current was calculated from the model. The calculated values were compared with
the data of the threshold DC current.
030 The maximum error of the calculated value to IEC's data was 3.1900 in the section of 10 ms[] 10s.
040 As for frequency characteristics, the maximum error was 11.2% in the section of 1001000 Hz. In
conclusion, this type of approach has possibilities, though it is not applicable immediately.
Keywords; Electric shock, Threshold of ventricular fibrillation, Estimation of threshold, Circuit model for
estimation
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Fig. 1 A circuit model to estimate electric shock
hazard.
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Fig. 2 The passive equivalent circuit which is
obtained by simplification of the equivalent
circuit of cell membrane®d Hodgkin and
Huxley’s modelO
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Fig. 3 Duration characteristics of threshold DC
current.

ldd d Calculated DC threshold current

O Constants have been optimized to 1EC’s
data of duration characteristics by the
method of least squares[]

Ii&d dI IEC’s data of DC threshold of
ventricular fibrillation.
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Frequency characteristics of sinusoidal
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Fig. 7 Duration characteristics of DC threshold
current.  |«kd dJ Calculated DC threshold
currentd Constants have been optimized to
duration and frequency characteristics of
IEC’s datad [i&d dJ IEC’s data of duration
characteristics of DC threshold current.
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Table 1 Optimized circuit constants. The 1stO]
Optimized to duration characteristics of
IEC’s DC threshold current, The 2ndC
Optimized to frequency characteristics of
IEC’s sinusoidal threshold current after
duration characteristics.
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