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Description

[0001] The invention deals with a method and system
for suppressing very fast transients in medium and high
voltage switchgear.

BACKGROUND OF THE INVENTION

[0002] During operation of electric power equipmentin
substations and switchgears, in the process of switching
on and off, electric power equipment is exposed to very
fast transients which are dangerous for the operated
equipment. For example, very fast transients are gener-
ated during switching transformers on or off by means of
vacuum circuit breakers. Transformers are connected
with circuit breakers by means of cables of a length of a
few dozen or a few hundred meters. Small surge imped-
ance and insignificant cable loss causes that the ampli-
tude of generated very fast transients magnified by surge
reflection can significantly exceed the rated value of the
supply voltage, and the frequency of these transients can
range from afew hundred kHz to as much as a few MHz.
Then, very fast transients can damage the insulation of
equipment connected to the switchgear, and especially
transformers, motors and cables.

[0003] In high voltage gas insulated switchgear (GIS),
the main source of transients are switching actions, es-
pecially during operations of opening or closing a discon-
nector. Disconnectors normally used as isolating switch-
es are adapted to performing switching actions in no-load
conditions, that is without flow of working current. How-
ever, even in such conditions, opening of disconnector
contacts in a GIS switchgear is accompanied by switch-
ing off of capacity currents connected with a charge ac-
cumulated on the capacitances of the internal elements
of the switchgear. The value of this current is relatively
small and it does not exceed a few hundred milliamperes
for a GIS substation. However, due to slow motion of
disconnector contacts relative to changes in grid voltage,
the intercontact break is exposed to the occurrence of
multiple ignitions which in turn are connected with the
occurrence of Very Fast Transients (VFT).

[0004] VFT of frequencies in the range 100 kHz +~ 50
MHz propagate in the form of electromagnetic waves
along busbars and substation equipment. Multiple reflec-
tions and passages of electromagnetic wave through el-
ements of different surge impedance or through different
points of discontinuity of the system, such as e.g. anopen
disconnector or circuit breaker, additionally reinforce the
arising transients. A characteristic feature of wave prop-
agation in gas insulated systems is small intrinsic sup-
pression. That is why suppression of very fast transients
has to be realized by means of special equipment.
[0005] In patent application DE4322944 there is de-
scribed a device allowing to suppress very fast transients
in gas insulated switchgear. This is done by means of a
current transformer in whose enclosure there is embed-
ded a high-frequency capacitor which is an element of a
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shunted circuit for transients occurring during switching
operations of a disconnector. An inconvenience of this
solution is the necessity to interfere in the construction
of a standard current transformer.

[0006] In another solution known from patent applica-
tion CN1258923, suppression of very fast transients is
realized by using ferromagnetic rings put directly on the
GIS busbar. An inconvenience of this solution is a reduc-
tion in the insulating distance between the inner part of
the switchgear enclosure and the live element, i.e. the
busbar with installed magnetic rings. The application of
this solution requires interference in the construction of
the switchgear.

[0007] Medium and high voltage switchgears typically
comprise current transformers for measuring current in
the main current paths. Fig. 1 shows a measuring system
known from the state of the art and used in medium and
high voltage switchgears. A current transformer whose
primary winding 1 is formed by the main busbar of a
switchgear usually contains a few secondary windings
of different applications. Some secondary windings are
a part of protection circuits, while others are a part of
measuring circuits. Magnetic coupling of the primary
winding 1 and of any secondary winding is realized by
the toroidal magnetic core of the current transformer, nor
shown in the drawing. The magnetic core is made of a
material of a broad-band frequency characteristic, e.g.
of nanocrystalline or amorphous tape. One of the sec-
ondary windings, secondary winding 2, is an element of
a measuring circuit 3. The secondary winding 2 is con-
nected with a measuring module 4 through terminals A,
A’. The measuring module 4 is suitable for current meas-
urements, therefore it has a small input impedance of a
value close to zero. In the measuring circuit 3 there is an
equivalentresistance 5 of the losses of the toroidal mag-
netic core. The equivalent resistance 5 is found in the
measuring circuit 3 parallel to the measuring module 4.
The measuring module 4 is usually one of the modules
of a protection relay 6. The protection relay 6 contains
various modules including a control module 7. The con-
trol module 7 controls the opening/closing of a switching
device 8 by means of a control signal S 1. The switching
device 8 is connected in series to the main current path
of the switchgear, comprising the primary winding 1. In
a high voltage gas-insulated switchgear, the switching
device is adisconnector, and in a medium voltage switch-
gear the switching device is a circuit breaker.

SUMMARY OF THE INVENTION

[0008] The invention is concerned with a method ac-
cording to claim 1 and a system according to claim 5.
According to the invention, before sending a control sig-
nal to the switching device, a control signal is sent to the
switching-over module which disconnects the measuring
module from the measuring circuit. Next, after discon-
necting the measuring module, a control signal is sent to
the switching device and the opening/closing process is
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carried out. Atthe moment of opening/closing the switch-
ing device, a signal is again sent from the control module
to the switching-over module and again the measuring
module is connected to the measuring circuit. The sup-
pressing function of the measuring circuit is realized
through a suppressing circuit formed of the secondary
winding of the current transformer and the equivalent re-
sistance of nanocrystalline or amorphous core losses.
[0009] Preferably, the suppressing function of the
measuring circuitis realized through a suppressing circuit
formed of the secondary winding of the current trans-
former, the equivalent resistance of nanocrystalline or
amorphous core losses, and a suppressing module con-
nected parallel into the measuring circuit.

[0010] Preferably, the start of the process of open-
ing/closing the switching device takes place atleast 1 ms
later than the disconnection/connection of the measuring
circuit.

[0011] Preferably, the suppressing module is connect-
ed into the measuring circuit parallel between the sec-
ondary winding and the measuring module.

[0012] Preferably, the suppressing module has the
form of a low-inductive resistor.

[0013] Preferably, the switching-over module has the
form of an electromechanical relay. Preferably, the
switching device is a device in the form of a disconnector
of a high voltage gas-insulated switchgear.

[0014] Preferably, the switching device is a device in
the form of a circuit breaker of a medium voltage switch-
gear.

[0015] The advantage of the system according to the
invention is the achievement of the effect of suppression
of very fast transients without interference in the main
components of the medium or high voltage switchgear,
in particular in the construction of the main current path
of the switchgear. The application of the system accord-
ing to the invention does not require installation of any
additional elements inside the switchgear enclosure, in
particular, for gas-insulated switchgear, it does not re-
quire interference in the chambers containing insulating
gas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The system according to the invention is ex-
plained on its embodiment and on the drawing where fig.
1 shows the equivalent circuit diagram of a measuring
system knownin the art, fig. 2 shows the equivalent circuit
diagram of a suppressing system in the first embodiment
of the invention, fig. 3 shows the equivalent circuit dia-
gram of a suppressing system in the second embodiment
of the invention, fig. 4 shows the equivalent circuit dia-
gram of a suppressing system in the third embodiment
of the invention:

DETAILED DESCRIPTION OF THE INVENTION

[0017] The method and system according to the inven-
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tion is realized using standard equipment of medium and
high voltage switchgears, in particular using a known
measuring circuit 3, which is shown in fig. 1.

[0018] The method according to the invention is real-
ized by means of the system shown in the drawing in
three embodiments in which periodically, that is before
opening/closing the switching device 8, the measuring
function of the measuring circuit 3 is changed into the
suppressing function.

[0019] The process of opening/closing a switching de-
vice 8 is initiated by a control module 7 by means of a
control signal S 1. Sending the control signhal S1 from the
control module 7 to the switching device 8 is preceded
be sending a control signal S2 from the control module
7 to the switching-over module 9, 9’, by means of which
a measuring module 4 is disconnected from the meas-
uring circuit 3, which activates a suppressing function in
the measuring circuit 3 of the switchgear. Only when the
suppressing function has been activated, the control
module 7 sends the signal S1 to the disconnector 8 thus
initiating the process of opening/closing the switching de-
vice 8. The signal S2 is sent at least 1 ms before sending
the signal S1. Next, after completing the process of open-
ing/closing the switching device 8, the control module 7
again sends the control signal S2 to the switching-over
module 9, 9’ causing a renewed connection of the meas-
uring module 4 to the measuring circuit, thus causing
deactivation of the suppressing function of the measuring
circuit 3.

[0020] Inthe firstembodiment of the invention, the sys-
tem for suppressing very fast transients applied in a me-
dium or high voltage switchgear incorporates a switching-
over module 9 connected in-series to a measuring circuit
3, between terminal A, which is one of the terminals of
the secondary winding, and terminal C which is one of
the terminals of the measuring module 4. The operation
of the switching-over module 9 is controlled by a control
module 7 through a control signal S2. The switching-over
module 9 has the form of a known electromechanical
relay activated automatically by the control signal S2.
The switching-over module 9 is in one of the two states:
"open" or "closed". If the switching-over module 9 is in
the "open" state, then the measuring circuit 3 is interrupt-
ed and then the secondary winding 2 together with the
equivalent resistance 5 form a suppressing circuit. If the
switching-over module 9 is in the "closed" state, then the
measuring circuit 3 is closed and due to the fact that the
input impedance of the measuring module 4 is in practice
several orders of magnitude less than the equivalent re-
sistance 5, current that flows through the equivalent re-
sistance 5 has a negligibly small value, and therefore the
role of the equivalentresistance 5 inthe measuring circuit
3 is negligible.

[0021] Inthe second embodiment of the invention, the
system for suppressing very fast transients incorporates
the switching-over module 9 connected to the measuring
circuit 3 and a suppressing module 10. The switching-
over module 9 has the form of a known electromechanical
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relay activated automatically by a control signal. The sup-
pressing module 10 contains a low-inductive resistor con-
nected in series between the input terminals of the sup-
pressing module 10. The switching-over module 9 is con-
nected in series to the measuring circuit 3, between a
terminal A which is one of the terminals of the secondary
winding and a terminal C which is one of the terminals
of the measuring module 4. The suppressing module 10
is connected between terminals A and A’ of the second-
ary winding 2, parallelin relation to the measuring module
4. Operation of the switching-over module 9 is controlled
by the control module 7 through a control signal S2. The
switching-over module 9is inone of the two states: "open"”
or "closed". If the switching-over module is in the "open"
state, thenthe measuring circuit 3. is interrupted and then
the secondary winding 2 together with the equivalent re-
sistance 5 and the suppressing module 10 form the sup-
pressing circuit. If the switching-over module 9 is in the
"closed" state, then the measuring circuit 3 is closed, and
due to the fact that the input impedance of the measuring
module 4 is in practice a few orders of magnitude less
than the resultant equivalent resistance 5 and the resist-
ance of the suppressing module, practically all current
flows through the measuring module 4, therefore the role
of the equivalent resistance 5 and of the suppressing
module 10 is negligible.

[0022] In the third embodiment of the invention, the
system for suppressing very fast transients incorporates
a switching-over module 9’ connected to the measuring
circuit 3 and the suppressing module 10. The switching-
over module 9’ has the form of a known electromechan-
ical relay activated automatically by a control signal. The
suppressing module 10 contains a low-inductive resistor
connected in series between the input terminals of the
suppressing module 10. The switching-over module 9
has one input terminal B and two output terminals B’ and
B". In the switching-over module 9, depending on the
setting, the input terminal B is connected with an output
terminal B’ or the input terminal B is connected with an
output terminal B". The switching-over module 9’ is con-
nected through the terminal B on the side of the terminal
A which is one of the terminals of the secondary winding
2, and through the terminal B’ on the side of the terminal
C which is one of the terminals of the measuring module
4. The suppressing module 10 is connected between the
terminals B" and A’. The setting of the switching-over
module 9’ is controlled by the control module 7 through
a control signal S2. The switching-over module 9’ is in
one of the two states: connection B-B’ or connection B-
B".If the switching-over module 9’ is in the state B-B",
thenthe measuring circuit 3isinterrupted and atthe same
time the suppressing circuit formed by the secondary
winding 2, the equivalent resistance 5 and the suppress-
ing module 10 is closed. If the switching-over module 9
is in the state B-B’, then the measuring circuit 3 is closed
and at the same time the suppressing module 10 is dis-
connected.
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Claims

1. A method for suppressing very fast transients in me-
dium and high voltage switchgear during open-
ing/closing a switching device (8) of a switchgear,
wherein said switching device (8) is controlled by a
control signal $1 sent from a control module (7) con-
nected to the switchgear, which switchgear has a
measuring circuit (3) comprising a measuring mod-
ule (4) and a secondary winding (2), wherein said
secondary winding (2) is a part of a current trans-
former, which current transformer comprises a na-
nocrystalline or amorphous core having an equiva-
lent resistance (5) and is equipped with a primary
winding (1), which primary winding is connected in
series with the switching device (8) of the switchgear,
characterized in that the measuring function of the
measuring circuit (3) is periodically changed into the
function of a suppressor of very fast transients by
connection into the measuring circuit (3) a switching-
over module (9, 9°) in-series between a terminal (A)
of the secondary winding (2) and a terminal (C) of
the measuring module (4) and by controlling said
switching-over module (9, 9’) by a control signal S2
sent from the control module (7).

2. A method according to claim 1, characterized in
that before sending a control signal S1 to the switch-
ingdevice (8) a control signal S2 is sent to the switch-
ing-over module (9, 9’), which switching-over module
(9, 9) disconnects the measuring module (4) in the
measuring circuit (3) from the secondary winding (2),
and next, after disconnecting the measuring module
(4), the control signal S1 is sent to the switching de-
vice (8) and the opening/closing process is carried
out, and at the moment of opening/closing the
switching device (8) a signal S2 is again sent from
the control module (7) to the switching-over module
(9, 9°) and again the measuring module (4) is con-
nected to the measuring circuit (3).

3. A method according to claim 1 or 2, characterized
in that the suppressing function of the measuring
circuit (3) is realized by a suppressing circuit formed
by the secondary winding (2) and a suppressing
module (10) which is connected in parallel into the
measuring circuit (3) between the terminals (A, A’)
of the secondary winding (2).

4. A method according to claim 1 or 2, characterized
in that the process of opening/closing the switching
device (8) starts at least 1 ms later than the discon-
nection of the measuring module (4).

5. A system for suppressing very fast transients in me-
dium and high voltage switchgear during open-
ing/closing a switching device (8) of a switchgear,
the system comprising at least a control module (7)
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and a switchgear comprising the switching device
(8), wherein said switching device (8) is configured
to be controlled by a control signal S1 sent from the
control module (7) connected to the switchgear,
which switchgear has further a measuring circuit (3)
comprising a measuring module (4) and a secondary
winding (2), wherein said secondary winding (2) is a
part of a current transformer, which current trans-
former comprises a nanocrystalline or amorphous
core having an equivalent resistance (5) and is
equipped with a primary winding (1), which primary
winding is connected in series with the switching de-
vice (8) of the switchgear, characterized in that a
switching-over module (9, 2’) is connected in-series
between a terminal (A) of the secondary winding (2)
and a terminal (C) of the measuring module (4) and
is adapted to be controlled by a control signal S2
sent from the control module (7) in accordance with
the method of claims 1-4.

A system according to claim 5 characterized in that
a suppressing module (10) is additionally connected
into the measuring circuit (3) in parallel between the
terminals (A, A’) of the secondary winding (2).

A system according to claim 6 characterized in that
the suppressing module (10) is a low-inductive re-
sistor.

A system according to claim 5 characterized in that
the switching-over module (9 or 9) is an electrome-
chanical relay.

Patentanspriiche

Methode zur Unterdriickung schnellwechselnder vo-
riibergehender Uberspannungen in Hoch- und Mit-
telspannungsschaltanlagen wahrend des Off-
nens/SchlieBens der Schaltvorrichtung (8) der
Schaltanlage, wobei die 0.g. Schaltanlage (8) mittels
eines S1-Steuersignals des an die Schaltanlage an-
geschlossenen Steuersystems (7) gesteuert wird
und die Schaltanlage lber einen Messschaltkreis (3)
mit einem Messmodul (4) und einer Sekundarwick-
lung (2) ausgeristet ist; die Sekundarwicklung (2)
ist Teil eines Stromwandlers mit nanokristallinen
oder amorphen Kernen mit Ersatzwiderstand (5),
wobei die Primarwicklung (1) des Stromwandlers in
einer Reihe mit der Schaltvorrichtung (8) der Schalt-
anlage geschaltet ist; dadurch gekennzeichnet,
dass die Messfunktion des Messschaltkreises (3)
zeitweise in eine Funktion zur Unterdriickung von
schnellwechselnden voriibergehenden Uberspan-
nungen wechselt, indem das Umschaltmodul (9, 9°)
in einer Reihe in den Messschaltkreis (3) zwischen
Klemme (A) der Sekundarwicklung und Klemme (C)
des Messmoduls (4) geschaltet wird, und indem das
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0.g. Umschaltmodul (9, 2’) mittels des Steuersignals
S des Steuermoduls (7) gesteuert wird.

Methode nach Anspruch 1, dadurch gekennzeich-
net, dass vor dem Senden von Steuersignal S1 an
die Schaltvorrichtung (8) das Steuersignal S2 an das
Umschaltmodul (9, 9°) gesendet wird, wobei dieses
Umschaltmodul (9, 9’) das Messmodul (4) im Mess-
kreis (3) von der Sekundarwicklung (2) trennt, und
anschlieRend nach dem Abtrennen des Messmo-
duls (4) das Steuersignal S1 an die Schaltvorrich-
tung (8) gesendet wird und das Offnen/Schlieken
erfolgt; zum Zeitpunkt des Offnens/Schlieens der
Schaltvorrichtung (8) wird vom Steuermodul (7) er-
neut Signal S2 an das Umschaltmodul (9, 9’) gesen-
detunddas Messmodul (4) wird erneutan den Mess-
schaltkreis (3) angeschlossen.

Methode nach Anspruch 1 oder 2, dadurch gekenn-
zeichnet, dass die Funktion zur Unterdriickung des
Messschaltkreises (3) Uber einen Unterdriickungs-
schaltkreis erfolgt, der aus der Sekundarwicklung (2)
und dem Unterdriickungsmodul (10) besteht, wel-
ches parallel zum Messschaltkreis (3) zwischen die
Klemmen (A, A’) der Sekundarwicklung (2) geschal-
tet wird.

Methode nach Anspruch 1 oder 2, dadurch gekenn-
zeichnet, dass das Offnen/SchlieRen der Schaltvor-
richtung (8) mindestens 1 ms nach der Trennung
des Messmoduls (4) beginnt.

Unterdriickungssystem fiir schnellwechselnde vor-
ibergehende Uberspannungen in Mittel- oder Hoch-
spannungsanlagen wéahrend des Offnens/Schlie-
Rens der Schaltvorrichtung (8) der Schaltanlage, mit
mindestens einem Steuermodul (7) und einer
Schaltanlage mit einer Schaltvorrichtung (8), die
zwecks Steuerung Uber das Steuersignal S1 konfi-
guriert wird, welches vom an die Schaltanlage an-
geschlossenen Steuermodul (7) aus gesendet wird;
die Schaltanlage ist aulRerdem mit einem Mess-
schaltkreis (3) ausgestattet, der ein Messmodul (4)
und eine Sekundarwicklung (2) umfasst, wobei die
Sekundarwicklung (2) Teil des Stromwandlers mit
nanokristallinen oder amorphen Kernen mit Ersatz-
widerstand (5) ist und die Primarwicklung (1) des
Stromwandlers in einer Reihe mit der Schaltvorrich-
tung (8) der Schaltanlage geschaltet ist; dadurch
gekennzeichnet, dass das Umschaltmodul (9, 9°)in
eine Reiher zwischen Klemme (A) der Sekundar-
wicklung (2) und Klemme (C) des Schaltmoduls (4)
geschaltet und iber ein vom Steuermodul (7) nach
MaRgabe der Methode in Anspruch 1-4 versendetes
Steuersignal S2 zur Steuerung vorgesehen ist.

System nach Anspruch 5, dadurch gekennzeich-
net, dass das Unterdriickungsmodul (10) zusatzlich
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parallel zwischen den Klemmen (A, A’) der Sekun-
darwicklung (2) an den Messschaltkreis (3) ange-
schlossen ist.

System nach Anspruch 6, dadurch gekennzeich-
net, dass als Unterdriickungsmodul (10) ein induk-
tionsarmer Widerstand dient.

System nach Anspruch 5, dadurch gekennzeich-
net, dass als Umschaltmodul (9 oder 9°) ein elektro-
mechanisches Relais dient.

Revendications

Procédé et méthode pour la suppression de transi-
toire trés rapide dans le tableau de branchement de
moyenne et haute tension durant 'ouverture / fer-
meture du dispositif de connexion (8) du tableau de
branchement, ou ledit dispositif de connexion (8) est
contrélé par le signal de contréle S1 émis du module
de contréle (7) connecté autableau de branchement,
et le tableau de branchement posséde un circuit de
mesure (3) comportant un module de mesure (4) et
un circuit secondaire (2), et ce circuit secondaire (2)
fait partie du transformateur de courant ayant des
noyaux nanocristallin et amorphe de résistance
équivalente (5), étant entendu que le circuit primaire
(1) du transformateur de courant est connecté en
série au dispositif de connexion (8) du tableau de
branchement, caractérisés en ce que la fonction
de mesure du circuit de mesure (3) est périodique-
ment changée en lafonction de suppression de tran-
sitoire trés rapide moyennant le raccordement en
série d’'un module de commutation (2, 9°) au circuit
de mesure (3) entre laborne (A) du circuit secondaire
(2) et la borne (C) du module de mesure (4) ainsi
que par le fait d’effectuer le contréle par le module
de commutation (9, 9’) a I'aide du signal de contrble
S2 émis du module de contréle (7).

La méthode selon la revendication 1, caractérisé
en ce que, avant d’émettre le signal de contréle S1
au dispositif de connexion (8), le signal de contrdle
S2 est émis au module do commutation (9, 2°) et que
ledit module de commutation (9, 2°) déconnecte du
circuit secondaire (2) le module de mesure (4) dans
le circuit de mesure (3), et en deuxieme lieu, aprés
la déconnexion du module de mesure (4), le signal
de contréle S1 est émis au dispositif de connexion
(8) et le processus d’ouverture / fermeture est effec-
tué, étant entendu qu’au moment d’ouverture / fer-
meture du dispositif de connexion (8) le signal S2
est de nouveau émis du module de controle (7) au
module de commutation (9, 2) et le module de me-
sure (4) est de nouveau connecté au circuit de me-
sure (3).
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La méthode selon la revendication 1 ou 2, caracté-
risé en ce que la fonction de suppression du circuit
de mesure (3) est réalisée par l'intermédiaire du cir-
cuit de suppression formé d’un circuit secondaire (2)
et d’un module de suppression (10) raccordé en sé-
rie au circuit de mesure (3), entre les bornes (A, A’)
du circuit secondaire (2).

La méthode selon la revendication 1, caractérisé
en ce que le processus de fermeture / ouverture du
dispositif de connexion (8) commence au moins 1
ms plus tard que la déconnexion du module de me-
sure (4).

Le systéme pour la suppression de transitoire trés
rapide dans le tableau de branchement de moyenne
et haute tension durant 'ouverture / fermeture du
dispositif de connexion (8) du tableau de branche-
ment comprenant au moins un module de contrble
(7) etuntableau de branchement comportant un dis-
positif de connexion (8) et que ledit dispositif de con-
nexion est configuré afin d’étre contrélé par le signal
de contrdle S1 émis du module de contréle (7) rac-
cordé au tableau de branchement lequel tableau de
branchement est en outre équipé d’un circuit de me-
sure (3) comportant un module de mesure (4) et un
circuit secondaire (2), ledit circuit secondaire (2) fai-
sant partie du transformateur de courant ayant des
noyaux nanocristallins et amorphes de résistance
équivalente (b), étant entendu que le circuit primaire
(1) du transformateur de courant est connecté en
série au dispositif de connexion (8) du tableau de
branchement, caractérisés en ce que le module de
commutation (9, 9°) est raccordé en série entre la
borne (A) du circuit secondaire (2) et la borne (C) du
module de mesure (4) et est adapté a étre contrdlé
par intermédiaire du signal de contréle S2 émis du
module de contrdle (7) conformément a la méthode
selon les revendications 1 & 4.

Le systéme selon larevendication 5, caractérisé en
ce que le module de suppression (10) est en plus
raccordé en paralléle au circuit de mesure (3) entre
les bornes (A, A’) du circuit secondaire (2).

Le systéme selon larevendication 6, caractérisé en
ce que le module de suppression (10) est une ré-
sistance de basse induction.

Le systéme selon larevendication 5, caractérisé en
ce que le module de commutation (9 ou 9’) est un
relais électromécanique.
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