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Investigation into Electric Field Intensity Induced
in Water by Leakage Electric Current

——Relation of Electrode to Electric Field Intensity——

Tatuo MOTOYAMA, Eiki YAMANO and Yasuyuki TABATA

When leakage electri.c current is orginated from electric apparatus in water, the electric field will be -
produced in the water, bringing about possible fatal accidents of workers engaging in underwater jobs.

The electric shock hazard in water corresponds closely with the electric field intensity, the stronger
its intensity is, the bigger its hazard becomes. Therefore, investigation in this field is required to pre-
vent such underwater electric shocks to workers.

In this report, study was carried out of the electric field intensity with reference to leakage electrode,
and the fundamental data on the electric feld intensity have been obtained in terms of various electrical
and geometrical factors of leakage electrode.

Factors_concerning the electric potential of leakage electrode are those of electric potential of power
source (V,), resistance of feeder (R.), resistance between leakage electrodes in water (R,), etc. Those
concernmg the geometrical character of leakage electrode, size of electrode (a),sharpness of figure of
electrode (m), distance between leakage electrodes (d), etc.

Several models simulating electric field given below were made, and the influence of the above factors
on the electric field intensity by the use of these models has been studied analitically, giving a numerical
example
——Condition of the eleciric field :

. The frequency of leakage current was less then 60 Hz.

The leakage current was caused between two feeders, or between one feeder and a common pole such
as a body of ship.

The potential drop on the surface of leakage electrode neglected.

The main result of the study are as follows:

: 1. In respect of electric factors ;
By increasing (V) and (R,) and decreasmg (Rp), the maximum intensity of the electric field will
be increased.

2. In respect of geometric factors ;

Both by increasing (d) in case that leakage electrodes have the same polarity as well as (m) and
by decreasing (d) in case that leakage electrodes have the different polarity each other as well as

- (&), the maximum intensity of the electric field will be increased.
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Table { Main factors affecting electric field in-
tensity. induced in water by the leakage
current of electric apparutus and those
symbols

BESOBRAREC LS TERE FOEE

Factors Symbols
Electric factors l
« Electric potential of power Vs
source
« Impedance of feeder R,
- Impedance of load Z;=R;+iX,;
Geometric factors of leakage elec-
trode
- Size a
- Shape
. Distance between leakage elec- | &
trodes
Elec‘gric;fgeqmetric factors of objects
existing in water
+ Electric conductivity ky
- Size a
« Shape
Other factors
- Electric conductivity of water | %
- Eleciric resistance between Ry or Ry
leakage electrodes
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Fig. 3 The model for studying electric
field intensity affected by the
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Fig. 7 Numerical example of electric shock
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of the leakage electrode )
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Pig. 9 Numerical example of electric field
intensity Ep(E, affected by the distance
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Investigation into Electric Field Intensity Induced in Water by Leakage
Electric current ’

—Relation of Electrode to Electric Field Intensity—

T. MOTOYAMA, E.YAMANO, and Y. TABATA

Research Report of the Research Institute of Industrial Safety
RIIS-RR-30-2(1982)

The purpose of this study is to get fundamental data on the prevention of the
electric shock in water, and the electric shock hazard in water corresponds closely
with the electric field intensity.

In this report, the electric field intensity affected by factors of the leakage
electrode was studied analytically with numerical examples.

Studied factors are electric potential of power source (V,), resistance of feeder
(Ry), resistance between leakage electrodes in water (Ryw), size of elecctrode
(@), sharpness of the figure of electrode (m), etc.

The main resurt of the study are as follows : By increasing(Vy), (Ru) and (m)
and decreasing (R;) and (@), the maximum intensity of electric field will be
increased. (1 Table, 9 Fig., 4 Ref.)
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