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Abstract

The present 1nvention relates to protection
circuit and method for the EMI/RFI suppres-
sion system (2) of such a five-conductor
electrical system in which the neutral
conductor (N) 1s provided with a bandstop-
type filter circult (2) for the suppression
of a harmonic 1nterference current com-
ponent. According to the invention, on the
neutral conductor (N) 1s placed a current
transformer (CT) having over its secondary
a resistive branch (R,;), and in parallel
therewlith, a filter branch (5) comprising a
bandpass filter (LC) tuned to the funda-
mental frequency of said neutral-conductor
filter circuit (2) and said filter branch
(5) having 1n series wilith said bandpass
filter branch (LC) a switch element (4)
suitable for short-circuiting said neutral-
conductor filter circuit (2) when current
1n said filter branch (5) exceeds a preset

upper limit level.

(Fig. 2)
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PROTECTION CIRCUIT AND METHOD FOR AN
ELECTROMAGNETIC INTERFERENCE SUPPRESSION SYSTEM

The present invention relates to a protection circulit for an

EMI/RFI suppression system.

The invention also concerns a protection method for an EMI/RFI
(electromagnetic interference/radio frequency interference)

suppression system.

Nonlinear electrical loads whose input current 1is non-sinusoidal
loading the network, e.g., with a steep-rising current pulse,
invoke harmonics of the nominal frequency in the power network.
Such consumers are, e.g., miniature fluorescent lamps equipped
with an electronic ballast which at the peak of the 50 Hz
sinusoidal mains voltage waveform steel from the network a
current pulse as narrow as only 1.5 ms. In a modern office
environment, the entire environment may consist of similar low-
quality loads: computers, copiers, printers and air-
conditioning systems equilipped with electronic fan speed
controllers. The dominating harmonic current component caused
by such loads, the third harmonic, will be summed almost
arithmetically onto the neutral conductor of the network. 1In
practice, current peaks almost double the phase leg current have
been recorded on the neutral conductor. As the neutral
conductor has no overload protection, a potential hazard is
involved under high-load conditions. Moreover, the third
harmonic has been found to cause disturbances in data-processing

equlipment and communications facilities.

Conventionally, the disturbance problem has been overcome

by connecting between the load grounding point and the
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star point of the main transformer a bandstop filter

tuned to the third harmonic of the mains frequency.

This arrangement involves a problem 1f, e.g., in a five-
conductor system the protective-earth-grounded equipment
housing is incorrectly connected to the neutral conduc-
tor, that is, a prohibited grounding connection 1s made
1n equipment wiring. Here, as the neutral connector 1s
practically isolated from ground for the third harmonilc
due to the tuned filter, the disturbing current component
at this harmonic is reflected back to the poilnt of

incorrect connection, thereby causing a hazard situation.

Networks may be provided with earth-fault detection
systems which are mandatory, e.g., in medical installa-
tions and explosion-hazardous environments. Such systems
are conventionally based on either a sum current trans-
former or a current transformer placed on the protective
carth (PE) conductor. The low-resistance circult (water
piping, conductive building structures) connected in
parallel with the PE conductor make the detectlion of a
fault situation very difficult. Due to such reasons, con-
ventional earth-fault detection systems are frequently

hampered by false fault alarms.

It is an object of the present invention to overcome the
drawbacks of the above-described techniques and to

provide a novel type of protection circuit and method for

an EMI/RFI suppression system.

The goal of the invention 1s achlieved by connecting on
the neutral conductor a current transformer having over
its secondary connected a bandpass filter circuit com-

plemented with a series-connected relay, which 1s adapted
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to short-circuit the filter circuit in a fault condition.
Furthermore, the present method is based on using the electrical
energy of the fault current for short-circuiting the bandstop

filter of the neutral conductor.

According to a broad aspect of the present invention there 1is

provided a protection circuit for an electrical system which
includes a neutral conductor and a bandstop filter. The
bandstop filter suppresses an interference current on the
neutral conductor. The protection circult comprises a current
transformer coupled to the neutral conductor of the electrical
system to generate a current in the protection circuit. A
bandpass filter is tuned to the frequency of the bandstop filter
of the electrical system, for bandpass filtering the current
generated by the current transformer. A switch element 1is
connected in series with the bandpass filter. The switch
element short circuits the bandstop filter of the electrical
system when a current passing through the bandpass filter

exceeds a preset upper limit.

According to a further broad aspect of the present nvention
there is provided a method for protecting an electrical system
which includes a neutral conductor and a bandstop filter. The
bandstop filter suppresses an interference component on the
neutral conductor. The method comprises recelving a current
flowing through the neutral conductor of the electrical system.
The received current i1is bandpass filtered with a bandpass
filter. The bandpass filter is tuned to the frequency of the
bandstop filter of the electrical system. The bandstop filter
of the electrical system 1is short circuited when a current

flowing through the bandpass filter exceeds a preset upper

limit.

The invention offers significant benefits.
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The protection circuit according to the inventlon makes 1t
possible to prevent a hazard situation 1n a situation of
incorrect earthing connection and to eliminate disturbing false
alarms. The direct use of the electrical energy provided by the
earth fault current for short-circuting the neutral-conductor
bandstop filter offers a very simple concept compared to
alternative protection embodiments based on analog and/ox

digital techniques.
In the following the invention is described in greater detaill
with the help of exemplifying embodiments by making reference to

the appended drawings, 1in which

Figure 1 shows schematically an embodiment of the electrical

protection circuit according to the invention; and

Figure 2 shows a detail of the circuit of Fig. 1.
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Referring to Fig. 1, the five-conductor system shown
therein comprises phase leg conductors IL,, L, and L; with
a neutral conductor N and a protective earth conductor
PE. The PE and N conductors may be connected to each
other at a single point only, e.g., at the main distribu-
tion center. The neutral conductor N is provided with a
bandstop filter 2 tuned to the third harmonic of the
mains frequency. Herein, a fault connection 1s shown made
close to distribution center C, between the PE and N con-

ductors, whereby the bandstop filter 2 of the neutral

conductor will cause the fault current also from the

other distribution centers A and B to be directed to this
point of ground fault. The reason for this ground fault
can be such as the erroneous connection of the
protective-earth grounded equipment housing to the

neutral conductor N.

Now referring to Fig. 2, the neutral conductor N 1is
herein shown to form the primary winding by belng
threaded through the core opening of the magnetic circuit
3 of a current transformer CT. Two branches are connected
in parallel with the secondary of the current transformer
CT of which one is a purely resistive branch R; and the
other branch, namely, the filter branch 5 comprises a
bandpass filter which is tuned to the third harmonic of
the mains frequency and has a relay 4 connected in seriles
therewith. The bandpass filter is realized as a seriles-
connected LC circuit, and due to nonideal components,
also this branch has a resistance R,. The resistance of
the relay 4 is drawn as a resistance R;. When the current
in the filter branch 5 reaches a preset upper limit
value, the relay 4 short-circuits the EMI/RFI suppression

filter 2 and additionally can issue an alarm by means of

an auxiliary contact of the relay 4.
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Practical design values for the circuit 1 1s as follows:
R, 0.5 ohm
R, 60 milliohm
R, 20 milliohm
C 265 uF
L 4.25 mH
Turns ratio of transformer CT is 50/5.

A circuit having the above-given parameters directs the
fundamental 50 Hz current component to pass malnly (by
78 %) through the resistor R,, while the 150 Hz third
harmonic current component is mainly (by 86 %) passed by
the filter branch. The relay 4 may be, e.g., a dual
contact relay type SJ 155 230 5A by Electromatic Oy. The
current adjustment range of this relay i1is from 1 to 5 A
AC and it is operated by a 230 V AC coil voltage. This
type of relay 4 has one normally open contact (used for
short-circuiting the fillter) while the other, normally-
closed contact can be used for signalling an alarm
circuit. In the illustrated circuit, a 20 A current at
the 150 Hz third harmonic in the neutral conductor N can
be detected by setting the relay for 1.7 A upper limit
current, which may not yet trip the relay. At the fun-
damental frequency of 50 Hz, a neutral line current of
50 A causes a 1.1 A current to pass through the relay
that is insufficient for tripping the relay. Thus, the

fault current (third harmonic) passing along the neutral
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conductor N can be directly used for short-circuiting the
filter 2.

Obviously, the invention is suited for filtering out any
harmonic overtone of the mains frequency provided that

the filter 2 and the filter branch 5 are tuned at the

same frequency.
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CLAIMS,

1. A protection circuit for an electrical system which

includes a neutral conductor and a bandstop filter, the bandstop
filter suppressing an interference current on the neutral
conductor, said protection circuit comprising:

a current trahsformer coupled to the neutral conductor
of the electrical system to generate a current in said
protection circuilt;

a bandpass filter, tuned to the frequency of the
bandstop filter of the electrical system, for bandpass filtering
the current generated by said current transformer; and

a switch element connected in series with said
bandpass filter, said switch element short circuiting the
bandstop filter of the electrical system when a current passing

through said bandpass filter exceeds a preset upper limit.

2. The circuit according to claim 1, wherein the bandstop
frequency of the bandstop filter of the electrical system 1s set

to the third harmonic of a mains frequency.

3. The circuilt according to claim 1, wherein said switch

element 1s a relay.

4 . A method for protecting an electrical system which
includes a neutral conductor and a bandstop filter, the bandstop
filter suppressing an interference component on the neutral
conductor, sailid method comprising:

recelving a current flowing through the neutral
conductor of the electrical system;

bandpass filtering said received current with a
bandpass filter, the bandpass filter being tuned to the

frequency of the bandstop filter of the electrical system; and
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short circuiting the bandstop filter of the electrical
system when a current flowing through the bandpass filter

exceeds a preset upper limit.

5. A method as defined in claim 4 wherein said current
flowing through the neutral conductor is received by a current

transformer.

6 . The method according to claim 4, wherein the bandstop
frequency of said bandstop filter is set to the third harmonic

of a mains frequency
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