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(57) L 1mnvention concerne un dispositif protecteur pour  (57) The disclosed fault-current protective switchgear
courant de fuite, comprenant un circuit d’amplification  has an amplifier circuit (4) for generating a fault-voltage
(4) pour produire une tension de defaut (U A) derivee (U A) dennved from a fault-current, a comparator circuit

d’un courant de fuite, un circuit de comparaison (10) (10) for comparing the fault-voltage (U A) with a

pour comparer la tension de defaut (UA) B 18 tension de reference voltage (Ure f), and a reference circuit (12)

reférence (URef)’ ainst qu’un circuit de reference (12) connected to a supply unit (15) for generating the

connect¢ a un bloc d’alimentation (15) et servant a  reference voltage (Uref)’ as well as an operating voltage

produire la tension de réterence (Up p), amsi qu une (Up) for the amplifier circuit (4). Means are provided

tension de service (UB) pour le circuit d’amplification which, when the output voltage (UN) of the sopply unit

(4). 1l est cgalement prevu des eléments qui, lorsque la (15) falls under a predetermined value (U.,), increase the

I*I Industrie Canada  Industry Canada



OPIC Saaygywwyss (CIPO
R BN k\ﬁ*}\ %\ V|
OFFICE DE LA PROPRIETE RN RN

. (CANADIAN INTELLECTUAL

INTELLECTUELLE DU CANADA ! PROPERTY OFFICE (21) (A1) 2,301 ,256

86) 1998/08/05
87y 1999/02/25

tension de sortie (UN) du bloc d’alimentation (15) passe reference voltage (Ure f) at least up to the momentary
en dessous d’une valeur (UZ) predefinie, ¢levent la  operating voltage (UB,) at least when the fault-voltage
tension de reference (URef) pour |’amener au moins au (U A) 1s smaller than the reference voltage (Ure f).
niveau de la tension de service (UB,) du moment, du

moins s1 la tension de de¢faut (U A) est micrieure a la

tension de reéference (URe f).
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Abstract

A residual current device according to the
invention contains an amplifier circuit (4) for
producing a fault voltage (Ua) which is derived from a
fault current, a comparison circuit (10) for comparing
the fault voltage (Up) with a reference voltage (Ugef),
and a reference circuit (12), which is connected to a
power supply unit (15), for producing the reference
voltage (Ugrer) as well as an Ooperating voltage (Ug) for
the amplifier circuit (4), in which case means (20, 22)
are provided which, if the output voltage (Uy) from the
power supply unit (15) falls below a predetermined
value (Uz), raise the reference voltage (Ugef) at least

to the instantaneous operating voltage (Ugz'), at least

if the fault voltage (Up) is less than the reference
voltage (Uget).

Figure 1
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Description

i

Residual current device

The 1invention relates to a residual current

device.

A residual current device 1is used to ensure

protection against a dangerous fault current in an

ground. This occurs, for example, when somepbody touches
a live part of an electrical system. The fault current
then flows via the person to ground, as a body current.
The residual current devices which are used for
protection against dangerous body currents have to
isolate the electrical system from the mains in the
event of a fault current which is greater than 30 mA.
The design of a residual current device is
known, for example, from "etz", Volume 107 (1986),
Issue 20, pages 938 to 945. OQutline circuit diagrams
and functional principles of a residual current device
are described there, in particular in Figures 1 to 3.
In this case, the distinction is drawn between two
different basic types. The residual current device,
which 1s called an RCD, is a fault-current protective
device in which the electrical power required for the
switching process is obtained from the fault current
itself, independently of the mains voltage. A
differential-current or DI <circuit breaker 1s, 1in
contrast, a fault-current protective device in which
the electrical auxiliary energy required for the
switching process is taken from the mains itself. Such

a DI circuit breaker thus requires a mains connection

and a power supply unit to operate it,
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which power supply unit converts the mains voltage into

.the supply voltage required to operate its components.

In such a DI «circuit breaker, the voltage

induced by the fault current in the secondary winding
of the core-balanced transformer is normally amplified

in an amplifier. If the fault voltage which is present

reference voltage, then the DI circuit breaker trips.

This reference voltage is generally provided by a

required to operate it.

Any fault current or dissipation current
flowing in an electrical system that is less than the
tripping fault current leads to a fault voltage at the
output of the amplifier, which is Jless than the
reference voltage associated with the tripping fault
current. If the mains voltage is switched off, then the
operating voltage falls, and the reference voltage thus
also falls, with a time constant that 1s dependent on
the magnitude of the smoothing capacitors used. If the
reference voltage is less than the fault voltage at a

time at which sufficient energy 1s still stored in the

power supply unit to trip the tripping relay, the DI
circuit breaker trips incorrectly.

The 1nvention 1is now based on the object of

operating state caused by the mains voltage being
switched off is avoided.

The said object is achieved according to the
invention by a residual current device having the
features of patent claim 1. The residual current device

according to the invention contains an amplifier

circuilt for producing a
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fault voltage which is derived from a fault current, a

-comparison circuit for comparing the fault voltage with

a reference voltage, and a reference circuit, which is
connected to a power supply unit, for producing the
reference voltage as well as an operating voltage for
the amplifier circuit, in which case means are provided
which, if the output voltage from the power supply unit

falls below a predetermined value, raise the reference

voltage at least to the instantaneous operating
voltage, at least if the fault voltage is less than the

reference voltage.

In other words, if the fault voltage 1is less
than the reference voltage at the time at which the
output voltage from the power supply unit falls below
the predetermined value, that is to say when the
tripping condition for the CLripping circuit of the
residual current device is not satisfied at this time,
the reference voltage is increased at least to the
instantaneous operating voltage, which 1s in the
process of falling.

Ralsing the reference voltage at least to the
instantaneous operating voltage, preferably to the

instantaneous operating voltage, ensures that the fault

rule, less than the operating voltage used to operate

it. This largely avoids incorrect tripping when the
malns voltage is switched off.

In a further advantageous refinement of the

invention, the reference «circuit contains a first

voltage divider, which is connected to the operating

voltage, for producing the reference voltage, which

output voltage from the power supply unit. In this way,
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the reference voltage can be raised to the operating
voltage by a simple switching process.

A transistor 1is preferably provided as the
controllable switching element.

In a further advantageous refinement of the
invention, the reference circuit contains a second
voltage divider for producing a control voltage for the
controllable switching element.

The second voltage divider is, in particular,
connected between the output voltage of the power
supply unit and ground, and preferably comprises a
zener diode which 1is connected in series, 1n the
reverse direction, between the divider resistors of
sald second voltage divider, and is connected to the
base of the transistor which is provided as the
controllable switching element.

In a further preferred refinement of the
invention, the output of the comparison circuit is
connected to the reference circuit via a feedback
circult. This ensures that, in the event of a
discontinuity in the supply voltage provided by the
power supply wunit, which may have been caused by
actuating a tripping coil, the tripping condition
required for the tripping coil to Lrip, namely that the
fault voltage is greater than a reference voltage, 1is
maintained.

In particular, the feedback circuit contains a
diode and a resistor connected in series with it, and
ls connected to a control 1line which carries the
control voltage.

In a further advantageous embodiment, the
reference circuit contains a voltage stabilization

circuit for producing a stabilized ocperating voltage

from the
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output voltage. This creates reproducible and stable

In order to explain the invention further,
reference is made to the exemplary embodiment in the
drawing, the single figure of which shows an outline
circuit diagram of a residual current device.

According to the figure, the residual current
device comprises a core-balanced transformer 2,
downstream of which an amplifier clrcuit 4 18
connected, which converts a voltage signal Uy, which is
induced in the secondary winding of the core-balanced
transformer 2, to a rectified fault voltage Ua. The
amplifier circuit contains an amplifier 6 and a

rectifier 8 for this purpose. The amplifier circuit 4

has a comparison circuit 10, for example a comparator,
connected downstream of it, in which the fault voltage
Uan 1s compared with a reference voltage Uger provided by
a reference circuit 12. If the fault voltage U, is
greater than the reference voltage Uges, the base of a
switching transistor T is actuated from the output of
the comparison circuit 10. A Lripping relay coil 14 is
connected between an output voltage Uy of a power
supply unit 15 and ground in the collector-emitter
circuit of the switching transistor T.

The core-balanced transformer 2, amplifier
circuit 4, comparison circuit 10 as well as the circuit
16 containing the tripping relay coil 14 and the
switching transistor T form the tLripping circuit of the

residual current device.

provided by a reference circuit 12, at whose output the

output voltage Uy provided by the power supply unit 15

1s present.
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The output voltage Uy of the power supply unit
15 is regulated down to the operating voltage Ug via a
voltage stabilization circuit. For this purpose, the
voltage stabilization circuit contains an emitter-
follower circuit with a regulating transistor V1 whose
base 1s connected to the cathode of a zener diode DJ,
which 1s connected in series, in the reverse direction,
between two divider resistors R1, RZ. The series
circuit comprising the divider resistor Rl, the zener
diode Dl and the divider resistor R2 is connected in
parallel with the output of the power supply unit 15,

The emitter of the regulating transistor V1 is
connected with a first voltage divider 20 (reference
voltage divider) to ground. This first voltage divider
20 contains a series circuit comprising a divider
resistor R3, a divider resistor R4 as well as a
controllable switching element V2. The divider resistor
R3 1s connected to the operating voltage Ug, 1in the
exemplary embodiment of the emitter of the regulating
transistor V1. The controllable switch V2 is connected
between the divider resistor R4 and ground. A tap for
the reference voltage Uges, which is supplied to the
comparator 10, 1is located between the divider resistor

R3 and the divider resistor R4. A smoothing capacitor C

When the controllable switching element V2 is
closed, the referenée voltage Uger, which is governed by
the operating voltage Uz and the division ratio of the
divider resistors R3 and R4, is present at the
reference input of the comparator in the comparison
circuit 10.

When the switching element V2 is open, the

entire voltage drop in the voltage divider 20 occurs

across the switching element V2, so that
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’ the operating voltage Uy is present between the divider
xeslistor R3 and the divider resistor R4.

In the exemplary embodiment, the controllable

switch V2 1s a bipolar npn transistor, whose base 1is

5 controlled by the voltage drop across the divider

resistor R2 which is connected in series with the zener

diode Dl. If the output voltage Uy of the power supply

unit 15 1s greater than the =zener voltage Uz of the

zener diode Dl, this zener diode conducts, and a

10 control voltage corresponding to the division ratio of

the divider resistors R1 and R2 is applied to the base

of the transistor which is used as the controllable

switching element V2. The series circuit comprising the

divider resistor R1l, the zener diode D1 and the divider

15> resistor R2 thus forms a second voltage divider 22

(control voltage divider), whose divider voltage 1is

used as the control voltage U, for the controllable
switching element V2.

If the output voltage Uy of the power supply

20  unit 15 is greater than the zener voltage Uz of the

zener diode D1, this zener diode conducts, and the

transistor which is provided as the controllable

switching element V2 1is likewise switched on. If the

collector-emitter saturation voltage of the transistor

25 is ignored, the first voltage divider 20 1s thus

connected to ground, that 1is to say the switching
element V2 is closed.

If the outp'ut voltage Uy of the power supply

unit 15 falls below the zener voltage U; of the zener

30 diode D1, then the current flow through the zener diode

D1 breaks down, and the control voltage U; falls to

ground potential. The transistor which is used as the

controllable switch V2 switches off, and the

instantaneous reference voltage Uper is raised to the

35 level of the instantaneous operating voltage Ug:. This

ensures that the fault voltage U, which is present at

the output of the amplifier circuit 4 cannot exceed the

instantaneous reference voltage Ugesr (which is supplied
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- to the reference input of the comparison circuit 10

-when the power supply unit 15 is switched off) of the
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comparison circuit, so that the swlitching transistor T

remains 1in the switched-off state. This thus reliably

prevents incorrect tripping when the power supply unit
15 is switched off.

A further advantage of the circuit described in

the exemplary embodiment is also that the influence of

can be very largely eliminated, provided a physically
i1dentical transistor 1S used as a controllable

switching element V2. In this case, the base-emitter

comparison with the operating voltage Uy, so that this
1s always approximately equal to the zener voltage U,
of the zener diode D1.

The output of the comparison circuit 10 is
furthermore connected, via a feedback circuit 24, to
the control line for the controllable switching element
V2. The feedback circuit 24 contains a diode D2, which

1s connected in series with a resistor R5.

This circuitry ensures that the residual

fault current occurs, even in the event of
undervoltage. Such an undervoltage occurs, for example,
1f the power supply unit 15 is only supplied, for
example, with 50 V from two external conductors,
instead of from a three-phase connection at, for
example, 480 V.

If the low-resistance tripping relay coil 14 is
connected to the power supply unit output voltage Uy in
this case, then this can be dropped in the power supply
unit 15 owing to the voltage drop across the protective
clrcuitry resistances, so that this results in the

current flow via the zener diode D1 being interrupted.
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Without the feedback formed from the diode D?
-and the resistor R5, the switching transistor which is
used as the controllable switching element V2 would
switch off immediately and the reference voltage Uges
would rise to the instantaneous operating voltage U;g.,
so that the reason for tripping, namely that the fault
voltage U, present across the comparison circuit 10 is
greater than the reference voltage Uges provided by the
reference circuit 16, would immediately be canceled
again. Reliable tripping is no longer ensured in this
situation.

Feedback from the output of the comparison
Circuit 10 to the control 1line for the controllable
switching element V2 allows the positive output voltage
of the comparison device 10 to be used as the control
voltage for the controllable switching element V2 and
prevents the latter from opening, that is to say, 1n
the exemplary embodiment, the transistor which 1s used
as the controllable switching element V2 remains
switched on even in the event of voltage interruptions

caused by actuation of the tripping relay coil 14.

clrcuited in the situation when the fault voltage U, is

less than the reference voltage Uges.
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* Patent Claims
1. A residual current device, having an
amplifier circuit (4) for producing a fault voltage
5 (Ua) which 1s derived from a fault current, having a
comparison circuit (10) for comparing the fault voltage
(Ua) with a reference voltage (Uge¢), and having a
reference circuit, which is connected to a power supply
unit (15), for producing the reference voltage (Uges) as
10 well as an operating voltage (Uz) for the amplifier
circulit (4), in which case means (20, 22) are provided
which, if the output voltage (Uy) from the power supply
unit (15) falls below a predetermined value, raise the
reference voltage (Ures) at least to the instantaneous
15 operating voltage (Ug'), at least if the fault voltage
(Ua) 1s less than the reference voltage (Uges) .
2. The residual current device as claimed in
claim 1, in which the reference circuit (12) contains a
first voltage divider (20), which is connected to the
20 operating voltage (Ug), for producing the reference
voltage (Uger), which voltage divider (20) 1is connected
Lo ground via a switching element (V2) which can be
controlled as a function of the output voltage (Uy)
from the power supply unit (15).
2D 3. The residual current device as claimed in
claim 2, in which a transistor is provided as the
controllable switching element (V2).
4 . The residual current device as claimed in
claim 2 or 3, in which the reference circuit (12)
30 contains a second voltage divider (22) for producing a
control voltage (U;) for the controllable switching
element (V2).
5. The residual current device as claimed in

claim 4, in which the second voltage divider (22) 1is

35 connected between the output voltage of the power

supply unit (Uy) and ground.
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' 6. The residual current device as claimed in
claim 4 or 5, in which the second Voltage divider (22)
comprises a zener diode (Dl1) which is connected in
series, 1n the reverse direction, between the divilider

> resistors (R1l, R2) of said second voltage divider (22).

7. The residual current device as claimed in
claim 3 in conjunction with claim 6, in which the base
of the transistor which is provided as the controllable
switching element (V2) is connected to the zener diode

10 (D1) .

8. The residual current device as claimed in one
of claims 4 to 7, in which the output of the comparison
circuit (10) is connected to the reference circuit (12)
via a feedback circuit (24).

15 9. The residual current device as claimed in
claim 8, in which the feedback circuit (24) contains a
diode (DZ) and a resistor (R5) connected in series with
i1t, and 1s connected to a control line which carries
the control voltage (Ug).

20 10. The residual current device as claimed in one
of the preceding claims, in which the reference circuit
(12) contains a voltage stabilization circuit (D1, R1,

V1) for producing a stabilized operating voltage (Ug)

from the output voltage (Uy).

Fetherstonhaugh & Go.
Ottawa, Canada
Patent Agents
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