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(54) Arrangement, substation, operating method and use of a grounding switch for protecting an

electrical circuit against short-line faults

(57)  The invention relates to an arrangement (1) for
protecting an electrical circuit from damage caused by a
short-line fault, comprising a circuit breaker (2) that con-
nects a generator or busbar (4) with a line (5), wherein
a grounding switch (3) is provided that connects the line
(5) to ground. The invention further relates to a method
for operating such an arrangement that comprises the
steps of initially setting the circuit breaker (2) into a closed

state and the grounding switch (3) into an open state,
and upon detection of a short-line fault opening of the
circuit breaker (2) and closing of the grounding switch
(3). The invention still further relates to the use of a
grounding switch (3) together with a circuit breaker (2)
to protect an electrical circuit from damage caused by a
short-line fault by suppressing transient recovery voltag-
es.
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Description
Technical field

[0001] Theinventionrelatestoanarrangement for pro-
tecting an electrical circuit from damage caused by a
short-line fault, a method for operating such an arrange-
ment and the use of a grounding switch to protect an
electrical circuit from damage caused by a short-line fault.
The invention can be applied indoor or outdoor. The elec-
trical circuit in question is in particular an electrical power
transmission and distribution network that is AC-driven.

Background

[0002] Circuit breakers are usually employed in elec-
trical circuits for protection against damage caused by
overload or short circuit. Upon detection of a fault condi-
tion the circuit breakerimmediately discontinues the elec-
trical flow. Circuit breakers are rated by the normal op-
erating current they are expected to carry and by the
maximum short circuit current that they are able to safely
interrupt among others. When the electrical contacts of
a circuit breaker open to interrupt a short circuit current,
typically an arc forms between the opened contacts. To
suppress and extinguish the arc usually vacuum, air, an
inert gas, or oil is used. As high-voltage circuit breakers
often sulfur hexafluoride (SF6) circuit breakers are used,
in particular with thermal blast chambers or self-blast
chambers. Foran overview of circuit breakers see among
others

http://en.wikipedia.org/wiki/Circuit_breaker.

[0003] From US 7,333,316 B1 a transient voltage pro-
tection circuit is known for use with AC circuits that com-
prises a transient suppressor circuit with a threshold thy-
ristor connected in series with a capacitor.

[0004] US 5,821,496 A discloses a method and an in-
sulation switch gear for controlling transient recovery
voltage wherein a saturable reactor having a capacity
connected in parallel is connected to a gas circuit breaker
in series, and wherein an LC resonance is produced be-
tween a self-inductance L of the reactor and an electro-
static capacitance C of the parallel capacitor.

[0005] In WO 2007/068686 A1 an electric switchgear
with an interrupter unit is disclosed. Capacitive coated
post insulators are provided so as to support the inter-
rupter unit in an insulating manner. The capacitive coat-
ing can be used to dampen a travelling voltage wave
incoming during an interruption of a short-line fault.
[0006] DE 31 30 643 A1 discloses that in the event of
a short-line fault on an overhead line a switch bypasses
in current-dependent or voltage-dependent manner a
high-frequency inductor coil disposed in the earth con-
nection of the capacitive voltage transformer or of the
coupling capacitor and a spark gap short circuits a high-
frequency line trap disposed in the overhead line.
[0007] JP 3-190021 A and JP 3-190028 A disclose the
provision of a magnetic member with a specific B-H char-
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acteristic for improving the breaking property in the event
of a short-line fault.

Summary of the invention

[0008] It is an object of the invention to provide an ar-
rangement for protecting an electrical circuit, that com-
prises a circuit breaker, from damage caused by a short-
line fault, wherein the circuit breaker can be realised con-
structively simpler and less expensive as for the case of
the circuit breaker being used on its own for protection
of the electrical circuit. Itis a further object of the invention
to provide a method for operating such an arrangement.
[0009] Inordertoimplement this object and still further
objects of the invention, which will become more readily
apparent as the description proceeds, an arrangement
for protecting an electrical circuit from damage caused
by a short-line fault is provided that comprises a circuit
breaker, that connects a generator or a busbar of the
electrical circuit with a line, in particular an overhead line,
of the electrical circuit, and that further comprises a
grounding switch that connects the overhead line to
ground (also called: earth). A short-line fault is under-
stood as a short circuit fault to ground occurring at a place
in the electrical network that is typically a few hundred
metres to a few kilometres afar from the circuit breaker.
The electrical circuit is in particular an electrical power
transmission and distribution network and the circuit
breaker is in particular a high-voltage circuit breaker,
preferably a gas circuit breaker, in particular a sulfur hex-
afluoride (SF6) circuit breaker.

[0010] A further aspect of the invention relates to a
high-voltage or medium-voltage substation for energy
transmission or energy distribution networks, that com-
prises such an arrangement for protecting an electrical
circuit by combined and time-coordinated use of a circuit
breaker and grounding switch, as disclosed in detail in
this application.

[0011] According to the method of the invention for op-
erating the arrangement of the invention the circuit break-
eris initially set into a closed state (also called on-state),
i.e. it has initially closed contacts, and the grounding
switch is initially set into an open state (also called off-
state). Thus, during normal operation the circuit breaker
is closed and the grounding switch is open. Upon detec-
tion of a short-line fault the circuit breaker is opened and
the grounding switch is closed, wherein the grounding
switch preferably closes a certain amount of time before
the minimum breaking time of the circuit breaker is
reached, i.e. slightly before the circuit breaker has fully
completed circuit interruption.

[0012] Closing of the grounding switch initiates an ar-
tificial terminal fault close to the circuit breaker, i.e. the
artificial terminal fault in particular occurring less then
one hundred metres, preferably less than 10 metres, afar
from the circuit breaker, with the short circuit current
through the circuit breaker being basically 100% of the
possible short circuit current of the electrical circuit in
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question as the circuit breaker is directly connected to
ground with small impedance via the closed grounding
switch. The grounding switch is preferably located about
10 m, more preferred 5 m, most preferred 1 to 2 metres
from the circuit breaker. Closing of the grounding switch
leads advantageously to a clipping/suppressing of the
relatively steep recovery voltage transients that typically
appear after interruption of the short circuit current by
opening the circuit breaker and are caused by the line-
side travelling waves. By clipping/suppressing the volt-
age transients from the line side the overall thermal in-
terruption stress is decreased such that the requirements
for the circuit breaker of the arrangement of the invention
can be lowered, i.e. a circuit breaker with simpler design
and lower costs can be employed as if no grounding
switch were employed. Thermal interruption takes place
a few microseconds after current zero and the short-line
fault is typically the most difficult fault to handle with re-
spect to thermal interruption performance. By closing of
the grounding switch the short-line fault is hence advan-
tageously transformed into a terminal fault which can be
much easier handled by the circuit breaker, i.e. imposes
much less requirements on the employed circuit breaker,
as the slope of the transient recovery voltage is consid-
erably less steep for a terminal fault than for a short-line
fault.

[0013] If a high-voltage SF6 circuit breaker with self-
blast chambers is employed then the circuit breaker can
advantageously be dimensioned to provide only a rela-
tively small pressure build-up at highest possible cur-
rents. For a high-voltage SF6 circuit breaker with self-
blast chambers the typically required pressure for extin-
guishing the arc betweenits contacts to interrupt the short
circuit current in case of a short-line fault is around sev-
eral ten bar if the circuit breaker is used alone. With the
use of a grounding switch the required pressure for ex-
tinguishing the arc can advantageously be much less
than 10 bar (<< 10 bar). As the short-line faultis converted
into an artificial terminal fault (i.e. in particular a T100a
fault-an asymmetrical 100% breaker terminal fault) there
is basically no risk of overheating due to hot inert gas of
the circuit breaker. If a puffer-type circuit breaker is em-
ployed, it can be dimensioned to only provide for a small
maximum pressure and thus only a small dimensioned
actuator means/drive is required.

[0014] The grounding switch is only required to close
on a short-circuit current and not to open as the circuit
breaker. Hence, it can be of corresponding simpler de-
sign with less intricate dimensioning of its components
than the circuit breaker, while still supporting the circuit
breaker in interrupting the short circuit current.

[0015] The grounding switch can in particular be used
together with circuit breakers with a rated voltage of more
than 245 kV and a rated current of more than or equal to
63 kA, for example with LTB (life tank breaker) circuit
breakers. The large parallel capacitors of the breakers
can be omitted and/or a single pole breaker can be used
instead of a double/two pole breaker in T-arrangement.
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Brief description of the drawings

[0016] Further advantageous features and applica-
tions of the invention can be found in the dependent
claims as well as in the following description of the draw-
ings illustrating the invention. In the drawings like refer-
ence signs designate the same or similar parts through-
out the several features of which:

Figure 1 shows a schematic drawing of an arrange-
ment of the invention, and

Figure 2 shows a schematic drawing of a grounding
switch employed in an arrangement of the invention.

Embodiments of the invention

[0017] Figure 1 shows an arrangement 1 according to
the invention with a circuit breaker 2 and a grounding
switch 3. The circuit breaker 2 connects via correspond-
ing terminals a generator or busbar side 4 of an electrical
circuit or network with the line side 5 of the electrical
circuit or network. The grounding switch 3 connects the
line side 5 to ground. During normal operation the circuit
breaker 2 is closed and the grounding switch 3 is open,
i.e. current flow from the generator or busbar side 4 to
the line side 5 is uninterrupted, while current flow from
the line side to ground is interrupted. The grounding
switch 3 preferably comprises control and operating
means for closing the grounding switch 3 in order to trans-
form a short-line fault occurring on the line side 5 into a
terminal fault of the circuit breaker 2.

[0018] The circuit breaker 2 and the grounding switch
3 are preferably not arranged in the same housing but
may of course be so if appropriate. The grounding switch
3 may be coupled mechanically to the circuit breaker 2
but preferably both, the circuit breaker 2 and the ground-
ing switch 3, have separate actuator means 7, 11 that
are described below.

[0019] The circuit breaker 2 comprises an interrupter
6 with two contacts 6.1 and 6.2, the interrupter 6 being
located in the current path from the generator or busbar
side 4 to the line side 5. At least contact 6.2 is movable.
The circuit breaker 2 further comprises actuator means
7 for moving the one or more movable contacts 6.1, 6.2
of the interrupter 6 such that the contact 6.2 touches the
contact 6.1, thereby closing the circuit breaker 2 (i.e. its
interrupter 6), and for separating the contact 6.2 from the
contact 6.1, thereby opening the contact breaker 2 (i.e.
its interrupter 6). The actuator means 7 are preferably
given by a stored-energy spring actuator. The actuator
means 7 are on ground potential. The movable contact
6.2 is preferably connected to the actuator means 7 via
an insulator rod 8 that provides insulation of the interrupt-
er 6 against ground. By moving the insulator rod 8 with
the actuator means 7, the contact 6.2 is moved to and
from the contact 6.1. The circuit breaker 2 comprises an
outer insulator 9 filled with an inert gas, in particular SF6,
in which the interrupter 6 and the insulator rod 8 are her-
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metically enclosed. Alternatively, the outer insulator 9
and the contacts 6.1 and 6.2 may be placed in an alter-
native insulation and interruption medium, e.g. carbon
dioxide (CO,), synthetic air or vacuum. Of course, differ-
ent circuit breaker designs may be employed. Preferably
a sensor (not shown) is provided for detecting a short-
line fault, i.e. its occurrence. The sensor can form part of
the circuit breaker 2.

[0020] The grounding switch 3 is designed such that
it can provide a given pre-defined basic insulation level
(BIL) in its open state and such that it withstands pre-
defined maximum possibly occurring transient voltages
in open condition/state. The basic insulation level (BIL)
is defined as the insulation capability of an element of
electrical equipment (here: the grounding switch 3) to
withstand specified voltage surges (BIL voltage).
[0021] The grounding switch 3 comprises two contacts
10.1 and 10.2 with at least the contact 10.2 being mov-
able. The contacts 10.1 and 10.2 can be arranged as
plug and tulip (as shown in Fig. 2) or as head-to-head
(not shown) in a current path from the line side 5 of the
electrical circuit/network to ground. Actuator means 11
are provided for moving the contact 10.2 such that it
touches the contact 10.1, thereby closing the grounding
switch 3, and for separating the contact 10.2 from the
contact 10.1, thereby opening the grounding switch 3,
i.e. for providing fast opening and closing of the grounding
switch 3. The actuator means 11 are on ground potential
and are preferably given by a stored-energy spring ac-
tuator. The grounding switch 3 preferentially comprises
an outer insulator 12 filled with an inert gas, preferably
SF6, in which the contacts 10.1 and 10.2 are hermetically
enclosed (in the following: SF6 grounding switch). Alter-
natively, the outer insulator 12 might be filled with an
alternative insulation medium, e.g. CO, and/or synthetic
air. A possible detailed version of the grounding switch
3 is shown in Figure 2 with the actuator means 11 being
not depicted for simplicity. For controlling the electrical
field inside the grounding switch 3 and in the vicinity of
the contacts 10.1 and 10.2 each contact 10.1, 10.2 has
assigned to it an element 13 for electrical field control, in
particular an electrical shield, that preferably cylindrically
surrounds the respective contact 10.1, 10.2.

[0022] Of course, different grounding switch designs
may be used. The grounding switch 3 may, for example,
comprise or further comprise a vacuum switch or/and a
semiconductor switch that are preferably arranged in se-
ries to the contacts 10.1 and 10.2 that constitute a me-
chanical switch. If both, a vacuum switch and a semicon-
ductor switch, are provided, they are preferentially ar-
ranged in series. As semiconductor switch e.g. a I1G-
BT-(insulated gate bipolar transistor) module may be
used.

[0023] Acontrolunit(notshown)is provided for tripping
and resetting the circuit breaker 2 and the grounding
switch 3 in dependence on the occurrence of a short-line
fault, in particular if the sensor gives a corresponding
output.
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[0024] Initially, i.e. during normal operation, the circuit
breaker 2 is closed and the grounding switch 3 is open.
If - preferably by the above-mentioned sensor - a fault in
form of an over-current/a short circuit current is detected
and if the direction of the fault is line-side (as opposed
to generator or busbar side) and if furthermore the dis-
tance from circuit breaker 2 to the fault indicates that a
short-line fault occurred, preferentially only then the
method of the invention is employed. Upon detection of
a short-line fault the control unit generates and transmits
a trigger signal to the circuit breaker 2 to trigger the circuit
breaker 2 to open. The minimum opening/breaking time
of the circuit breaker 2, i.e. its interrupter 6, is for example
approximately 40 ms. Preferably at the same time the
control unit generates and transmits a further trigger sig-
nal to the grounding switch 3 to trigger the grounding
switch 3 to close. The maximum closing time of the
grounding switch 3 is preferably lower than the minimum
breaking time of the circuit breaker 2, so that the ground-
ing switch 3 closes shortly before the circuit breaker 2
has interrupted. The grounding switch 3 preferentially
closes approximately 2 ms before the minimum breaking
time of the interrupter 6/the circuit breaker 2 is reached
toaccount for/compensate possible jitter in the grounding
switch 3 and the interrupter 6 of the circuit breaker 2. If
the grounding switch 3 comprises a semiconductor
switch then its maximum closing time can be chosen even
closer to the minimum breaking time of the interrupter
6/circuit breaker 2 due to the speed of the semiconductor
switch. The grounding switch 3 preferably closes before
the first current zero that the circuit breaker 2 could in-
terrupt.

[0025] It is emphasized that the fast reaction times
needed for the grounding switch 3 in order to transform
the short-line faultinto aterminal fault cannot be achieved
with conventionally available mechanical grounding
switches. Therefore, the grounding switch 3 of the inven-
tion must have a fast mechanical actuator means 11
and/or the support of a series-connected vacuum or sem-
iconductor switch. The closing time of the grounding
switch 3 between detection of the short-line fault and the
closing of the grounding switch 3 shall be shorter than
the interruption time of the circuit breaker 2.

[0026] In the event of a short-line fault the grounding
switch 3 stays in the closed state to carry the current
caused by the fault up to a certain amount of time until
the circuit breaker 2 has interrupted. This is in the order
of the 2 milliseconds mentioned above, but preferentially
also one half-wave longer, i.e. in 50 Hz networks approx-
imately 12 milliseconds in total.

[0027] Closing of the grounding switch 3 initiates an
artificial circuit breaker terminal fault with the short circuit
current running through the circuit breaker 2 being basi-
cally 100% of the possible short circuit current of the elec-
trical circuit in question as the circuit breaker 2 is via the
closed grounding switch 3 directly connected to ground
with small impedance. Depending on the topology of the
electrical circuit/network in question and on the time in-
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stant of closing of the grounding switch, i.e. the phase
angle of the short circuit current at the closing time in-
stant, the current through the circuit breaker 2 may in-
clude a DC component.

[0028] The circuit breaker 2 interrupts the short circuit
current by extinguishing the arc between its contacts 6.1
and 6.2. As discussed above the pressure, that is re-
quired at least for gas (e.g. SF6) filled circuit breakers
within the circuit breaker 2 for interrupting the short circuit
current caused by a circuit breaker terminal fault (and
hence the artificial terminal fault into which the short-line
fault is converted by closing the grounding switch 3), is
much lower than the pressure that would be required to
extinguish the arc caused by a short-line fault, if actually
no grounding switch 3 were provided.

[0029] After interruption of the short circuit current has
taken place by the interrupter 6 of the circuit breaker 2,
the grounding switch 3 opens again at a certain time in-
stant. The grounding switch 3 is preferably triggered by
the control unit to open again. This opening time instant
is preferably chosen at a time at which the residual cur-
rent in the line is gone and the line voltage is basically
equal to zero, such that the opening takes place without
current flow and voltage drop, the line being insulated by
preferably two circuit breakers 2, one on each side of the
place in the electrical circuit where the short-line fault
occurred, and being grounded by the grounding switch
3 whenthe openingis initiated. Therefor the opening time
instant is preferentially chosen such that the contact 10.2
has been moved so far by the actuator means 11 that
the contacts 10.1 and 10.2 have reached its maximum
distance or at least a distance that is sufficient to insulate
the rated voltage - it not necessarily being required that
the distance is sufficient to insulate an overvoltage or the
BIL voltage - no later than at the maximum required O-
C time interval (open-closed time interval) of the inter-
rupter 6 of the circuit breaker 2. The O-C time interval of
a circuit breaker 2 is defined as the time for an opened
circuit breaker 2 to close to check if a temporary fault,
e.g. as caused by a lightning stroke, has been resolved.
[0030] Itis to be understood that while certain embod-
iments of the present invention have been illustrated and
described herein, it is not to be limited to the specific
embodiments described and shown.

List of reference numerals

[0031]

: arrangement

: circuit breaker

: grounding switch

: generator or busbar side
: line side

:interrupter

: contact

: contact

: actuator means
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8 : insulator rod

9 : outer insulator

10.1 : contact

10.2 : contact

11 : actuator means

12 : outer insulator

13 : element for electrical field control
Claims

1. An arrangement for protecting an electrical circuit
from damage caused by a short-line fault, comprising
acircuit breaker (2) that connects a generator or bus-
barwith aline (5), characterized in that a grounding
switch (3) is provided that connects the line (5) to
ground.

2. The arrangement of claim 1, wherein the grounding
switch (3) comprises control and operating means
for closing the grounding switch (3) in order to trans-
form the short-line fault into a terminal fault of the
circuit breaker (2).

3. The arrangement of one of the preceding claims,
wherein a control unit is provided to trip and reset
the circuit breaker (2) and the grounding switch (3).

4. The arrangement of one of the preceding claims,
wherein one or more sensors are provided for de-
tecting a short-line fault.

5. The arrangement of one of the preceding claims,
wherein the grounding switch (3) is located less than
10 m, preferably less than 5 m, most preferably about
1 to 2 meters, away from the circuit breaker (2).

6. The arrangement of one of the preceding claims,
wherein the circuit breaker (2) is of self-blast or puff-
er-type and has a reduced pressure rating for extin-
guishing the arc between its contacts (6.1, 6.2), in
particular has a pressure rating at the instant of cur-
rent interruption below 10 bar.

7. The arrangement of one of the preceding claims,
wherein parallel capacitors of the circuit breaker (3)
are omitted, and/or a single pole circuit breaker (2)
is used instead of a double pole circuit breaker, in
particular instead of a double pole circuit breaker in
a T-arrangement.

8. The arrangement of one of the preceding claims,
wherein the grounding switch (3) comprises two con-
tacts (10.1, 10.2) with at least one contact (10.2) be-
ing movable so that the contacts (10.1, 10.2) can
touch each other or be separated from each other,
and wherein the contacts (10.1, 10.2) are preferably
placed in a vacuum, an inert gas, in particular sulfur
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hexafluoride (SF6), carbon dioxide (CO2), and/or
synthetic air.

The arrangement of claim 8, wherein the grounding
switch (3) further comprises a vacuum switch or/and
a semiconductor switch that is or are preferably ar-
ranged in series with the contacts (10.1, 10.2).

The arrangement of claim 8 or 9, wherein an element
(13) for electrical field control, in particular an elec-
trical shield (13), is assigned to each contact (10.1,
10.2) of the grounding switch (3).

The arrangement of one of the preceding claims,
wherein the circuit breaker (2) and the grounding
switch (3) are arranged in the same housing, and/or
the grounding switch (3) is coupled mechanically to
the circuit breaker (2).

The arrangement of one of the claims 1-10, wherein
the circuit breaker (2) and the grounding switch (3)
are arranged in separate housings and have sepa-
rate actuator means (7, 11), which, in particular,
comprise a stored-energy spring actuator on ground
potential for the grounding switch (3).

A high-voltage or medium-voltage substation for en-
ergy transmission or energy distribution networks,
comprising an arrangement for protecting an electri-
cal circuit as claimed in one of the claims 1-12.

A method for operating an arrangement according
to one of the claims 1-12, comprising the following
steps of:

- initially setting the circuit breaker (2) into a
closed state and the grounding switch (3) into
an open state, and

- upon detection of a short-line fault opening the
circuit breaker (2) and closing the grounding
switch (3).

The method of claim 14, wherein the grounding
switch (3) closes a certain amount of time, in partic-
ular approximately 2 milliseconds, before the mini-
mum breaking time of the circuit breaker (2) is
reached.

Use of a grounding switch (3) together with a circuit
breaker (2) to protect an electrical circuit from dam-
age caused by a short-line fault by suppressing tran-
sient recovery voltages.
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1.

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, hamely:

claims: 1-4, 13

Invention 1 relates to the problem of controlling the
system's operation during a short-circuit.

. claims: 5, 11-12

Invention 2 relates to the disposition of the breaker and of
the grounding switch.

. claims: 6-10

Invention 3 relates to the details of the breaker.

. claims: 14-15

Invention 4 relates to the problem of improving the
operation method of a known breaker-earthing switch
arrangement.

. claim: 16

Invention 5 relates to a particular use of a known assembly.
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