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Abstract: The parametric-active compensation of earth leakage currents which minimalized virtual capaci-
tance current in ships of IT-type network has been discussed. The protection is based on automatic compen-
sation of leakage earth currents. The protection system is governed by a controller. The results of simulation
tests have been presented. The parametric-active compensation of earth leakage currents which minimalized
virtual capacitance current in ships with IT-type network has been discussed.
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1. INTRODUCTION

Nowadays electric devices operated on board ships are supplied from 3-phase
AC networks with insulated neutral point (IT-type networks). Within networks of such
type considerable hazards of shock as well as of explosion and fire as a consequence of
earth fault exist. Despite the fact that such networks were introduced several decades
before, the protection methods have not been improved. The paper describes hazards
existing in such networks and some possibilities to increase the safety of their operation.

2. COMPENSATION OF EARTH FAULT CURRENTS
IN IT-TYPE SHIO NETWORKS

For many years on the vessels with IT-type electrical network a problem of the lim-
itation of leakage currents occurred [1-5]. Because of using lots of long cables, the IT
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electrical nets have some earth capacitance. In spite of touching one phase, earth capac-
itance currents can cause electrical shock. Despite the fact that such networks were in-
troduced several decades ago, the protection methods have not been improved.

Values of shock currents and levels of fire and explosion currents are shown in Fig. 1
[1] where Fire is an area without compensation of earth currents, while the Smoke area
is that of flammable dust and an Expl. is the area of danger if explosion. Curve 3 cor-
responds to the highest values of safe shock currents In, according to IEC rules [2, 5].
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Fig. 1. Effects of leakage currents in IT-type ship’s network:
|<— phase short-circuit current, lsh — shock hazard current, Inp (curve 3) — safe shock current;
curve 1 — compensated shock hazard, curve 2 — compensated short-circuit current,
line 4 — border of spark explosion current, lines 5 — current arrea for smoke of flammable dust,
line 6 — border of fire area
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Fig. 2. Ship’s IT-type Network with parametric compensator

Researchers from the Maritime Academy in Szczecin for many years conducted
studies on the construction of a device for compensation of fault currents. These activi-
ties led to the development of various such devices. Initially, the project design was
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based on installing a line choke between the hull and the artificial neutral point. Such
an idea was implemented in 1984 at the Institute of Marine Automation and Electrical
Engineering [6]. Figure 2 shows the practical realization of this idea and the paths of
changed current flows [6, 10—12, 14] through distributed capacitances. In practice, im-
plementing of the solution was possible in the preliminary stages by connecting addi-
tional lumped capacitance. A description of this scheme and analysis have been pre-
sented in detail elsewhere [10, 12]. The system has resonance currents at the frequency
of 50 Hz. However, a slight asymmetry of capacitance currents leads to a sharp increase
in the current of the faulty phase and the risk of fire or explosion [10].

3. COMPENSATOR WITH THE IMPEDANCE CONVERTER
IN IT-TYPE SHIP NETWORKS

Nowadays electric devices operated in order to reduce the current of the faulty phase
led to the creation of the compensator with the impedance converter of the UKPP-2 type
(Fig. 3). A network with an impedance converter is a system with a positive feedback.
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Fig. 3. Compensation unit of impedance converter

System with the UKPP- 2 has been implemented at 30 ships of the Polish Navy. The
above solutions are satisfactory when the distributed capacitances are symmetrical and
network parameters are constant [6—11].

4. COMPENSATION WITH ACTIVE CONVERTERS
IN IT-TYPE SHIP NETWORKS

To compensate changes in network parameters, a device for voltage active compen-
sation has been developed. Such a compensation network is shown in Fig. 4 [15-25].
The signals from the phase voltage controlled by the source of compensating voltage
sensors are supplied to a logic unit which determines the faulty phase.
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Fig. 4. The voltage active compensator of ship’s IT type network

A logic block has been constructed based on the neural network and implemented to
PC. This solution required considerable software and hardware resources [15, 20-25]. For
a dedicated electric circuit with a leakage current transformer, an active compensator
has been designed on the basis of a single-phase current inverter. The idea of the method
of compensation using a current source is shown in Fig. 5. The active compensator is
controlled by a signal from the current sensor.
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Fig. 5. The current active compensator of a ship’s IT-type network

Active compensator using current source does not require a logical block. Applica-
tion of this compensator can simplify the control circuit and reduce the fault current in
a network of IT-type [26-29]. The results of tests for all solutions are presented in
Fig. 6. The short-circuit currents of the symmertical netwoks are shown in the left hand
side of the picture, those of the asymmertical netwoks — in the right hand side. The
survey showed that the only possibility is the use of the current active compensator in
ship’s network of IT-type.
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Fig. 6. Effect pf compensation earth currents of IT-type network by resistance Rn =5 Q;

Series 1 — without compensator’s, Series 2 — the parametric compensator, Series 3 — the impedance
converter, Series 4 — the active voltage compensator, Series 5 — the current active compensator

In addition to compensation of earth currents of one of phase, we have also compensation
current of human body. In Figure 7, the current of human body (R = 1000 Q) for connect-
ing to one of phases is presented.
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Fig. 7. The current of human body of ship’s IT-type asymmetric network
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Ampere second area during the transition process lies below curve 3 (Fig. 1).
Thus active compensation allows one to save the ship from the fire and humans from
electric shock.

5. CONCLUSIONS

e Compensation of the faulty phase current in the IT-type network is possible; the
method presented meets IEC rules.

e The current active compensator presented in this paper is ready for industrial ap-
plications.

o A developed method of parametric-active compensation enables one to protect
both the humans and the ship at major changes of earth fault parameters and frequency.

e Basing on the carried out analysis, a new practical solution of problems connected
with compensation of earth fault currents in I'T-type networks has been suggested.
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