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Monitoring of Insulation of Power Supply Lines Underwater
and Detection of Eeath-leakage Current

by Tatsuo Motovama* and Eiki YaMamMoTo*

Abstract ; Working underwater such as in the sea or rivers and the use of electricity in such an
environment are increasing in recent years. These situations may lead to the hazard of
underwater electric shock to divers and other workers.

This paper reports on the underwater earth-leakage detection (i.e. a detecting method by
monitoring the insulation level of lines and a detector on the basis of the method) for the
prevention of underwater electric shock.

This detecting method have the following features :

1) Moitoring the insulation level of lines,
2) A certain degree of disturbance due to earth capacity of lines,
3) The possibility of detecting a leak between lines.
The results of the investigation are summarized as follows ;
(1) A leak can’t be detected by line insulation, but by d.c. earth-leakage current. Therefore, this
method has somecases, where the leakage can’t be detected between lines. In these cases, the
. area having the possibility of eletric shock (i.e. an area more than 2.5 V/m) is not spacious.
For example, in the condition where leaking points are two spheres, the potential of which are
50 V and —50 V respectively, the line insulation resistance (R.) is 20 kQ and conductivity (o)
of water is 1072(S/m), this area is included in two spheres which radii are 0.12m (see 3.4).
(2) The detector is connected to the resistance grounded neutral system, the neutral resistance
of which is 20 kQ, earth capacity of which is less than 1 4F, and the line voltage is 100 V. Then,
d.c. 10 volts are superposed on the lines.
(3) Where the threshold of line insulation resistance (R;) is set to 20 kQ, the time for detection
of leak is less than 78 ms at R,=10 kQ and 90 ms at R,=20 kQ respectively.
(4) Inasevere case of leak upper limit of R having possibility to detect the leak is greater than
50 kQ2. |
Keyword ; Detector, Current Leak, Electric shock, Underwater.
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Fig.2 Equivalent leak circuit of underwater a.c. single-
phase line.
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Table 1 Design specifications of detector
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Specification
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Line votage (Vs) : 100V
Neutral resistance (Rg): 20k Q
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D.C. voltage (Vdc) being superposed

10V

to detect the leak

Range of line insulation resistance (Rx)

0= Rx =20kQ

Time (Td) to detect the leak

Td< 80ms (Rx=10kQ)
Td<100ms (10kQ<Rx=20kQ)

k Upper limit of the resistance (Rx) having

. . Rx < 60kQ
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Fig.4 Field model for analysis of current leak (ra=rs).
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Table 2 Specifications of the detector

S L B o

Item Specificasion
10V, 500mA
500 4F (100V)

d.c. source

capacitor (C)

resistance (Rd) to detect

; 300Q

earth-leakage current
Characteristics of filter

» damping chracteristic —35dB/oct

- cut-off frequency 12Hz

* step response time 40ms

* gain 10V/300mV
reference voltage of circuit of
comparater 0.5V~10V

(in case of Vdc=10V, Rx correspond | (100kQ ~0kQ)
with the reference voltage)

Fig.8 General view of a prototype detector.
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Fig.9 The prototype filter circuit.
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Fig.11 Step response wave of filter (4V, : overshoot,
AT «0 - time to reach the saturated valve).
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Fig.12 Three typical examples of response wave of filter to
earth-leakage current (4Vy : overshoot, AT, :
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Fig.14 Relation between line insulation resistance (R;) and
time (T,) for detection of leak (V,.=50V).
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Table 3 Relation between line voltage (Vac) and
maximum time (Tdm) for detection of
leak and upper limit (Rxm) of line insu-
lation
EEROMHBA Vac & #RHEE Td DR
Tdm B 'R LA ISR T 5 M Rx

DFK Rxm
Tdm
Vac Rxm
Rx=<10kQ | Rx=20kQ

ov < 60ms < T7lms 25kQ

50V < 7lms < 81.5ms 34kQ

107V < 76ms < 86mr 56kQ
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Fig.15 Relation between earth capacity (C¢) and maximum
detection time (T,x) at R;, and upper limit (Rum) of
line insulation resistance having the possibility to
detect the leak (V,=0V).
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Fig.16 Relation between earth capacity (C¢) and maximum
detection time (T,) at R,, and upper limit (Rum) of
line insulation resistance having the possibility to
detect the leak (V,.=50V).
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Fig.17 Relation between earth capacity (C¢) and maximum
detection time (T,.)at R,, and upper limit (R,,) of
line insulation resistance having the possibility to
detect the leak (V=107 V).
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