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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 electric current is orginated from electric apparatus in water, the eleciric field will Bbe -
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 field 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 (Vo), resistance of feeder (R.), resistance between leakage electrodes in water (®y), etc. Those
concerning 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 eclectrode neglected.
The main result of the study are as follows:
) 1.' In respect of electric factors ;
» By increasing (V) and (Ry) and decreasing (R;), the maximum intensity of the electric field wﬂl
be increased.
2. In respect of geometric factors;
Both by increasing (d) in case that leakage electrodes have the same polarity as well as () and
by decreasing (2) in case that leakage electrodes have the different polarity each other as well as
i (&), the maximum iatensity of the electric field will be increased.
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Table 1 Main factors affecting electric field in-
tensity. induced in water by the leakage
current of electric apparutus and those
symbols
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Factors Symbols
Electric factors ‘
+» Electric potential of power Vo
source
« Impedance of feeder R,
- Impedance of load Z;=R;+ji%,
Geometric factors of leakage elec-
irode
+ Size ‘ a
- Shape m
« Distance between leakage elec- | d
trodes
Elect_riq{geqmetric factors of objects
existing in water
» Electric conductivity ky
- Size » a
» Shape
Other factors
« Electric conductivity of water | &
- Electric resistance between R, ot Rew
leakage electrodes
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Fig. 1 The model of the electric leakage in’
: water and its simplified equivalent
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Fig. 2 Numerical examples of electric potentials V,, and Vi at the leakage model

?f%%ﬁﬁifﬁk‘sﬁé’%i?ﬁﬁ Ry, Row & ZDBEE Vo, Vew L OBHRE R THEN

Lid Vi ABERERDIEHTLH D

(1) |z V=100V, Z;=10Q, Re=0Q %A
"3_75 &, Vw Qi Rw &U Rc V:J: “)“Cgﬂ:b, Rc %,:
Sx—x&k Lk Ry & Vo OB Fig. 2 0 FEH
rrbvEIhb, iil, Fig 2 0 R, OffE LT
{ERERE 20C, B 100m OF — 7T, £OEEL
MRS b EE HIEMEER A Lic

T, BEOLDREBRORKIEREBEKRCE
W, BREBREREOX5LERNS S, Fig2 O
BEME R LTHBELTA B, WE, BRKOEEEY
6.0S/m, BARoERY 0.08S/m &F35, Ti, WK
0 Ry % 0.1Q &35 %, Ry WHEERCRILET
ANBMOLEENECTHB E, BATD Ry 1k 200
Lirho Ro 7% 0.49Q chhi¥, Fig 2 X9k To
Ve 3% 17V, BROFRZH 9BV Ligh, 20X
5HATO Vo BEKOHW6EL D, ERAEEDL
BAOFNL b k&L Tes. vrFRHOLERERT
X% e, DELOFLETLERRERRKDOLALEK
D 2.4 8THYY, ChERERLTHE, %m@ﬁm
I oRERAEBELHHILERLTVD,

frds, Fig 2 CRBEX TR, r—7AEBRLTHE
ERAEZY, BEEN Rew DATELES (Re=0)

3.2 ARAFHNEROEE

3.2.1 ETFLICLBEN

BESOERAECHEY BT TEMENEROER
LORBEEEOKE S, Wik, RETEMOERETS
%o ZITRENLOBMENEROBRCRIETHR
EonT, ERERBET B, kL, LTOBEHT
W, FORSETHERFHREGCA~NLH, HMOoEHR
DEHENTEBRETHRCEFVEEL, TOETIE
LD fFleote .

(1) REBEOXEX

* & 2opBeovTik Fig. 3 wRTisw, BE
FBEAYMROBENPIOERe DB L L, ThAhED
FBRBRAKRI R TEEBETC R LT =7~
Lo THRETS, eFARCORCRETH L, B
BHOTRME Er 3% P Op) ©HWT, REEED



KEBEFOERBECHET 5B ~ F -
Pl#)

Fig. 8 The model for studying electric
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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
(Rp), resistance between leakage electrodes in water (Ry), size of elecctrode
(@), sharpness of the figure of electrode (m), etc.

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