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ABSTRACT

Test circuit for testing a fault current
protection device, comprising a test switch and a fault
current simulation cireuit, which can be switched on by
means of the test switch and in which a test resistor
is incorporated, and a timing circuit, which switches
off the fault current simulation circuit at the end of
a predetermined time after the fault current simulation
circuit has been switched'bn. The switching path of a
semiconductor switch, which is triggered by the test
switch and time-control cireuit, is incorporated in the
fault current simulation circuit.
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TEST CIRCUIT WITH TIME-LIMITED FAULT CURRENT FOR A PROTECTION
DEVICE

The invention relates to a test circuit for testing a fault current
protection device, comprising a test switch and a fault current simulation
circuit, which can be switched on by means of the test switch and in which a
test resistor is incorporated, and a timing circuit, which switches off the fault
current simulation circuit at the end of a predetermined time after the fault
current simulation circuit has been switched on.

A test circuit of this nature is known from British patent application
2,072,861. The test switch, which is to be operated by an operator, triggers a
time circuit, at the output of which a time-limited control current is formed,
which control current is fed to a relay. After the test switch has been actuated,
the relay therefore remains energised for a predetermined time. A contact
associated with this relay is connected in series with a test resistor, which
series circuit is incorporated in the fault current simulation circuit.

Furthermore, international patent application WO 84/01033
describes a test circuit for a fault current protection device, in which the time
circuit is formed by a second relay with pull-in delay for switching off the test
circuit, in particular the fault current simulation circuit.

The object of the invention is to provide a circuit of the type
mentioned in the preamble in which the testing facility can be incorporated in
the fault current protection device, while the switch-off time of the switch can

be tested accurately.

According to the invention, this object is achieved by the fact that the
switching path of a semiconductor switch, which is triggered by the test switch
and time-control circuit, is incorporated in the fault current simulation circuit.
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Embodiments which are preferably used are
described in the subclaims,
The invention will be explained in more detail
below with reference to the drawings, in which:
5 Fig, 1 illustrates a first embodiment of the
test circuit according to the invention:
Fig. 2 shows another embodiment of the test
circuit according to the invention;
Fig, 3 shows yet another embodiment of the test
10 circuit according to the invention; and
Fig, 4 shows various waveforms in the
embodiment in accordance with Fig. 3,
The test circuit acecording to the inventioen
will be explained with reference to its use in earth
15 leakage protection devices. However, the principle of
time-limited testing which is employed in the test
circult according to the invention can also be used for
overcurrent protection devices where it is desired to
carry out testing with a current which is lower than
20 the  short-circuit current and the overcurrent
protection device must respond within a certain time.
: The test circult comprises a test switch which
. can be operated by an operator in order to switch on a
fault current simulation circuit. This - circuit is

LRI 25 switched on by means of a semiconductor switch, the

. switching path of which is connected in series with a
test resistor, which series circuit is incorporated in

S the fault current simulation circuit.,

DR An  earth-leakage detection cirecuit can be

30 tested using a fault current from phase to earth
instead of testing between phase and neutral or between
two phases, This has the advantage of testing not only
the earth-fault detection circuit and the earth-leakage
switch which it controls, but also the impedance of the

35 earth line.

In addition, in the case of a neutral-to-earth
fault, the earth-leakage switch which is controlled by
the earth-fault detection circuit becomes insensitive
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te phase-earth faults which occur. This neutral-to-
earth fault is also noted when testing from phase to
earth, since the earth-leakage switch then does not
respond. In the case of the earth-leakage switches of
the applicant, an earth connection is generally already
present, making it easy to test to earth.

It is advantageous to connect the fault current
simulation circuit according to the invention between a
phase and earth. The semiconductor switch is switched
on as a result of actuation of the test switch, so that
a fault current which is determined by the measuring
resistance and the transition registance of the
semiconductor switch is generated, This fault current
causes the earth-leakage switch to respond if the
latter is functioning correctly. The test switch is
preferably connected between the phase and the fault
current  simulation circuit, so  that electrical
isolation  within a non-actuated test circuit is
automatically produced and the test circuit is
connected through to earth potential when the test
button is not depressed, The test switch may also be
incorporated between earth and fault current simulator,
but in this case the test circuit when not in use is
connected to phase potential.

Furthermore, the test circuit includes a
time-contzol circuit which switches off the
semiconductor switch after a predetermined time since
it had been switched on. As a result, the test time is
limited dirrespective of the operator, s0 that
furthermore dissipation of energy in the switch is
limited and any faults in the time control of the
earth-leakage switch can come to light, since an
earth-leakage switch rmust switch off within a
predetermined time, depending on the earth-leakage
current.

Limiting the test duration to, for example,
300 ms (maximum trip time at the nominal fault current)
therefore has the following advantages:
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1. The test resistor can no longer be blown in the
event of the earth-leakage switch sticking or
neutral-to-earth fault or in the event of an
excessive impedance of the earth line.

2. The earth-leakage switch is tested in accordance
with the standazd.
3. If the test current is set to approximately the

nominal fault current (rather than a value of at
most 2.5 X the nominal fault current, as with
conventional types) by means of the test resistor,
the obligatory testing in accordance with NEN 3140
can be carried out by operators who are not
skilled electrical technicians,

Figs. 1 and 2 illustrate the simplest
embodiments of the test switech with limited test
duration. They are in principle independent of the
testing to earth and can also be used in the present-
day test method, in which a& fault current is simulated
in the detection circuit by means of a resistor and a
test switch between phase and neutral. However, in this
case the added value is less, since it is precisely
when testing to earth that there is a much greater risk
of the earth-leakage switeh not responding for the
reasons given above,

In the embodiment ghoewn in Fig. 1, the
semiconductor switch comprises a triac, The switching
path of this triac is connected in series with a test
registor Rtest and the test switch S1. This series
circuit is incorporated in the fault current simulation
circuit which is connected between the phase L IN-L OUT
and a functional earth terminal FE. The gate of the
ériac is contrelled by the gate-control switch GCS. The
gate-control switch is controlled, on the one hand, by
a zero-crossing detector NDT via a pulse former PG. The
zero-crossing detector NDT is connected across the
series circuit comprising test resistor Rtest and
triac.
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On the other hand, the gate-control switch GCS
is controlled by a delay-time circuit, which in this
embodiment is a monostable multivibrator DT which
cannot be retriggered and which takes care of the
time-limited switching off of the gate-control switch
GCS. The delay~time circuit is triggered by the
zZero-crossing detector.

Ag soon as the circuit shown in Fig. 1 is fed
with current as a result of test switch 81 being
switched on, the zero crossings of the voltage Utest
are detected by zero-crossing detector NDT. The pulse
former PG makes them into pulses, with which the triac
can be switched. The monostable multivibrator DT which
cannot be retriggered produces one pulse, the duration
of which is equal to the desired test duration, after
detection of the first zero crossing of the voltage
Utest., By means of the gate-control switch GCS, the
output of DT switches the suitably formed pulses of
the zero-crossing detector, thus triggering the triac.
The result is that the triac is pulsed only for one
connected perioed.

When the test switech is actuated, the triac is
triggered virtually immediately via the gate-control
switch GCS. As a result of the triac being switched on,
a test current of U/Rtest is produced. If the
earth-leakage switch responds, the protected circuit is
disconnected. However, if the earth-leakage switch does
not respond, for example as a result of a defective
mechanism or as a result of neutral-to-earth short, the
triac is switched off, for example after 300 ms. This
time limitation is made possible by the use of the
delay-time cireuit DT.

The test circuit may be accommedated on one
(ceramic) support and has two terminals. This test
circuit is then entirely independent of the earth fault
electronics and can also be used for all types of
possible earth fault electronics. The test switch S1
itself provides the electrical isolation.
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In the embodiment shown in Fig. 2, the
semiconductor switch used is a thyristor TH1. In this
case, the location of the test resistor Rtest 1is
selected in such a manner that when the thyristor is
activated sufficient voltage remains for the trigger
¢circuit of this thyristor.

The embodiment in accordance with Fig. 2

cperates as follows,
When test switch S1 is closed, the voltage between FE
and L OUT passes to a rectifier circuit GS. A voltage
limiter SB 1limits the voltage from the rectifier
circuit GS, so that even with varying voltage Utest it
is possible to produce pulses of more or less equal
amplitudes, which are used to trigger a trigger circuit
08 for the thyristor. This trigger circuit 0S converts
the incoming pulse train containing equal pulses into a
different pulse train, the amplitude of which decreases
in time. The first pulses will constantly trigger the
thyristor, until the pulses become so small that they
are no longer able to trigger the thyristor.

In accordance with Fig, 3, the thyristor TH1 is
incorporated in the fault current simulation circuit
via a rectifier circuit, in this case a full-wave
(Graetz) rectifier comprising the diocdes D1-D4. The
input of this full-wave rectifier D1-D4 is connected in
series with the test switch Sl. Here too, the fault
current simulation circuit is connected between phase
and earth. The series circuit comprising the test
registor Rtest and the anode-cathode path of the
thyristor is connected to the output of the full-wave
rectifier. The trigger circuit of the thyristor THI1
consists of a series circuit comprising a first
resistor Rl, a first capacitor Cl, a seéond resistor
R2, a first zener diode D5 and a parallel circuit
comprising a third resistor R3 and second capacitor C2,
which series circuit is connected to the output of the
full-wave rectifier, The trigger circuit furthermore
comprises a parallel circuit comprising a fourth
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resistor R4 and a second zener diode D6, which parallel
circuit is connected between the connection point of
the first resistor Rl to the first capacitor Cl and the
output terminal of the full-wave rectifier which is not
connected to the first resistor Rl. The zener voltage
of the zener diode D5 is, for example, 12 wvolts, and
the zener voltage of the zener diode D6 is, for
example, 33 volts. When the switch 81 is switched on,
the thyristor is triggered virtually immediately. As a
result, a test current of approx. U/Rtest is produced.
If the earth-leakage switch responds, the protected
circuit is disconnected. However, if the earth-leakage
switch does not respond (for éxample as a result of a
defective mechanism or as a result of neutral-to-earth
fault), the thyristor is switched off after a
predetermined time (for example 300 ms).

A gine wave UG which has undergone full-wave
rectification (ef. Fig. 4), which is required since
thyristor THL can only conduct in one direction, is
obtained by means of the full-wave rectifier D1-D4.
Rtest is positioned downstream of the full-wave
rectifier, because sufficient voltage then remains for
the trigger circuit in the event of TH1 conducting. In
this way, a sinusoidal fault eurrent is also obtained.

The gate-triggering circuit ensures that THL
continues to conduct until the total test time has been
reached. This takes place in the following way:

The thyristor TH1l is made to conduct via
components R1, Cl, R2 and D5, The current IC1 through
this network is illustrated at the bottom of Fig. 4.
This current slowly decreases with time constant Cl*R2,
since capacitor Cl is being charged.

The thyristor TH1 is thus made to conduct with
a decreasing gate current until the latter falls below
the triggering current. THL then ceases conducting. If
the test button is then released, Cl can be discharged
via network R4, R2, D5 and R3. C2 is used for
radio-frequency decoupling of the gate-cathode junction

-10-
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of TH1. D5 is used to create a threshold, so that in
the event of possible interference pulses on node R1,
Cl, D6 and R4 these pulses are not transmitted directly
to the thyristor., R3 also serves to dissipate the
leakage current from the zener diode D5, so that DS
begins to conduct at a defined zener voltage. D6 limits
the voltage UD6 at node R1, Cl, D6, R4, so that the
circuit is less dependent on the amplitude of the mains
voltage. The voltage UD6 is shown in the centre of
Fig. 4,

For this embodiment too, this test cirecuit can
be accommodated on one (ceramic) support and has two
terminals. The test circuits in accordance with Figs. 2
and 3 are also entirely independent of the
earth-leakage electronics, while the test button itself
provides electrical isolation,

It should be noted that the test switch S1 must
remain depressed during testing. Obviously, this can
also be achieved in a different way by connecting the
test switch S1 to the circuit as a trigger input, but
in this case the electrical isolation is no longer
present without further measures.

The two circuits are dimensioned in such a way
that below a defined operating voltage the triac or
thyristor no longer conducts. Up to this minimum value
of the operating voltage, the test time of the circuits
remains constant.

If a test resistor which, at the nominal mains
voltage, produces approximately the nominal fault
current is selected, a lower limit of the operating
voltage of up to approximately 70% of the nominal mains
voltage is selected, since below this mains voltage the
fault current produced will be toc low for the earth
fault detection eircuit to be able to respond.

According to the product standard for earth
fault detection circuits (IFC 1008/1009), the test
resistor must produce at most 2.5 times the nominal
fault current at nominal mains voltage. It is obvious

11-
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that the lower limit of the operating voltage of the
circuits which limit the test time is then gelected to
be much lower; it may be, for example, as low as 30% of
the mains voltage. This is because the response
threshold of the earth fault detection circuits
generally lies at approx. 0.75 times the nominal
response threshold. If the test resistor is dimensioned
to produce 2.5 times the nominal fault current (IAn),
the earth fault detection cireuit can still Just
respond at 30% of the nominal mains voltage
((1/2.5)*0.75=0.3).

In a TT distribution network, for exzample, the
earthing resistance must be at most 50 V/IAn; for an
IAn of 30 mA, the maximum earthing resistance is
therefore 1667 Q. In the event of a faulty (excessive)
earthing resistance Rg, the voltage falls across the
circuit limiting the test time. If this voltage becomes
so low that at the resistance value of Rtest selected
there is no longer sufficient fault current, the earth
fault detection circuit will not respond. The operating
voltage of the circuit limiting the test time has to be
matched to this lower limit of the mains voltage. At
even lower mains voltages, the circuit limiting the
test time can remain switched off, so that the operator
notices that the earth fault detection circuit is not
responding and therefore has a fault indication.

To summarize, it can be stated that the test
comprises actuation of the test switch S1, after which
the earth-leakage switch should trip. If this does not
take place, something is wrong.

-12-
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CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Test device for testing a fault current protection, comprising a test switch,
atest circuit and a fault current simulation circuit, which can be switched on by means
of the test switch and in which a test resistor is incorporated, and a timing circuit
which switches on the test device, in which the switching path of a semiconductor
switch, which is triggered by the test switch and time-control circuit, is incorporated in
the test circuit, characterised in that the test circuit comprises only two terminals for
interconnecting the test circuit in the fault current simulation circuit.

2. Test circuit according to claim 1, characterised in that the test switch is
incorporated in the fault current simulation circuit adjacent to that terminal of the
simulation circuit which is to be connected to a live conductor.

3. Test circuit according to claim 1or 2, characterized in that the
semiconductor switch is a triac, the gate of which is controlled by a gate-control circuit
which is connected, via the test resistor and triac, to a zero-crossing detector, the
output signal from which activates the gate-control circuit, and in that the deactivation
of the gate-control circuit is controlled by the time-control circuit.

4, Test circuit according to claim 1 or 2, characterized in that the
semiconductor switch is a thyristor which, via a rectifier circutt, is incorporated in the
fault current simulation circuit and is activated by actuation of the test switch, and in
that the control input of the thyristor is triggered by the time-control circuit.

5. Test circuit according to claim 4, characterized in that the gate of the
thyristor is controlled by pulses from the output of the rectifier circuit, the

13-
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amplitudes of which pulses decrease with time in
accordance with a predetermined curve.

6. Test circuit according to Claim 4 or 5,
characterized in that the rectifier circuit is a fuli-
wave (Graetz) rectifier, the input of which ig
incorporated in the fault current simulation ¢ircuit
and to the output of which the series circuit of the
test resistor and the anode-cathode path is connected,
in that the time-control circuit consists of a series
cirecuit, which is connected to the output of the full-
wave rectifier, comprising a first resistor, a first
capacitor, a second resistor, a first zener diode and a
parallel circuit comprising a third resistor and a
capacitor, and of a parallel cireuit comprising a
fourth resistor and a second zener diode, which
parallel circuit is connected between the connection
point of the first resistor and the first capacitor and
the full-wave-circuit output which is connected to the
third resistor and the second capacitor, the control
input of the thyristor being connected to the
connection point of the zener diede and the parallel
circuit comprising the third resistor and second
capacitor.

7. A test circuit for testing a fault current protection

substantially as hereinbefore described with reference to

and as illustrated in the accompanying drawings.

-14-
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