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METHOD FOR DETERMINING A CONTROL SIGNAL OF AN ELECTROMAGNETIC DRIVE OF

AN INTERRUPTER UNIT, AND INTERRUPTER UNIT FOR A GAS-INSULATED HIGH OR

MEDIUM VOLTAGE DEVICE

(67)  The invention relates to a computer implement-
ed method for determining a control signal of an electro-
magnetic drive (20) of an interrupter unit (10) for a high
or medium voltage device, wherein the interrupter unit
(10) comprises a first arcing contact (12) and a second
arcing contact (14), wherein the interrupter unit (10) com-
prises at least one electromagnetic drive (20) for driving
an axial motion of the first and/or second arcing contact
(12,14) from a closed position to an open position based
on the control signal, comprising the step of
determining the control signal of the electromagnetic
drive (20) such that in a second timeframe (52) that oc-
curs during opening operation and before the final dis-
tance between thefirstand second arcing contact (12,14)
is reached, a distance (18) between the first and the sec-
ond arcing contact (12,14) is kept constant = 20 %.

Furthermore, the invention relates to an interrupter
unit (10) comprising a control unit (22) configured to per-
form the above method.

Furthermore, the invention relates to a high or me-
dium voltage device comprising the above interrupter unit
(10).
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Description
Technical Field

[0001] The invention relates to a computer implement-
ed method for determining a control signal of an electro-
magnetic drive of an interrupter unit for a high or medium
voltage device.

[0002] The present invention also relates to a control
unitfor determining a control signal of an electromagnetic
drive for an interrupter unit of a high or medium voltage
device, wherein the control unit is configured to perform
the above method.

[0003] The present invention further relates to an in-
terrupter unit for a gas-insulated high or medium voltage
device comprising the above control unit.

[0004] Furthermore, the present invention relates to a
gas-insulated high or medium voltage device comprising
the above interrupter unit.

Background Art

[0005] High or medium voltage devices, such as circuit
breakers and switchgears are essential for the protection
of technical equipment, especially in the high voltage
range. For example, circuit breakers are predominantly
used for interrupting a current, when an electrical fault
occurs. As an example, circuit breakers have the task of
opening arcing contacts, quench an arc, and keeping the
arcing contacts apart from one another in order to avoid
a current flow even in case of high electrical potential
originating from the electrical fault itself. Circuit breakers
may break medium to high short circuit currents of typi-
cally 1 kA to 80 kA at medium to high voltages of 12 kV
to 72 kV and up to 1200 kV. Thus, high or medium voltage
devices accommodate high-voltage conductors such as
conductors to which a high voltage is applied.

[0006] Some high or medium voltage devices, namely
gas-insulated high or medium voltage devices comprise
an insulation gas, for example SFg, in order to shield and
insulate the high-voltage conductor from other compo-
nent and/or to improve quenching of an arc, when oper-
ating arcing contacts. In particular the insulation gas is
used for extinguishing the arc generated in an arcing re-
gion between the arcing contacts when a current is in-
terrupted and is thus also called arc extinguishing gas.
[0007] An electric arcis made up by a flux of electrons
and a flux of ions which circulate in opposite directions
between the arcing contacts. When the temperature of
the arc decreases, ions and electrons recombine and the
arc extinguishing gas resumes its isolating properties. In
a gas insulated circuit breaker, a gaseous mantle sur-
rounds a core of the arc. The temperature of the gaseous
mantle decreases as the distance from the arc axis is
increased. The current flow is interrupted when an effi-
cient blast of arc extinguishing gas is applied to cool the
arc and extinguish it. The capability of how efficient the
arc is extinguished at the zero crossing of the alternating
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fault current by a high or medium voltage device is called
thermal interruption performance.

[0008] The post-arc phase has a critical role in the cur-
rent interruption process, since during this phase the di-
electric strength of the arc extinguishing gas has to be
recovered. The hotgas generated from the arc discharge
in the interruption process depletes the dielectric recov-
ery strength between the arcing contacts and can poten-
tially lead to re-ignition of the arc after current-zero when
the transient recovery voltage rises between the arcing
contacts. In other words, even though the thermal inter-
ruption has been successfully accomplished, a dielectric
breakdown might occur leading to re-ignition and causing
the fault-current to flow to the load again. The capability
of how efficient re-ignition is prevented by a high or me-
dium voltage device is called dielectric recovery perform-
ance.

[0009] A performance problem of gas-insulated high
or medium voltage devices is that the thermal interruption
performance and the dielectric recovery performance of
the gas-insulated high or medium voltage device varies
for differentinterruption duties of the high or medium volt-
age device.

Summary of invention

[0010] Itis an object of the invention to provide means
to improve the interruption performance of a gas-insulat-
ed high or medium voltage device and in particular to
improve the thermal interruption performance and/or the
dielectricrecovery performance of the gas-insulated high
or medium voltage device.

[0011] The object of the invention is solved by the fea-
tures of the independent claims. Modified embodiments
are detailed in the dependent claims.

[0012] Thus, the object is solved by a computer imple-
mented method for determining a control signal of an
electromagnetic drive of an interrupter unit for a high or
medium voltage device, wherein the interrupter unit com-
prises a first arcing contact and a second arcing contact,
wherein for an opening operation of the interrupter unit
atleastone of the arcing contacts is axially movable along
a switching axis thereby bringing the first arcing contact
and second arcing contact from a closed position with
direct contact between the first and second arcing con-
tacts into an open position with a final distance between
the first and second arcing contacts, wherein the inter-
rupter unit comprises at least one electromagnetic drive
for driving the axial motion of the first and/or second arc-
ing contact from the closed position to the open position
based on the control signal, comprising the step of

- determining the control signal of the electromagnetic
drive such that in a second timeframe that occurs
during opening operation and before the final dis-
tance between the first and second arcing contact is
reached, a distance between the first and the second
arcing contact is kept constant = 20 %.
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[0013] Furthermore, the object is solved by a control
unitfor determining a control signal of an electromagnetic
drive of an interrupter unit for a high or medium voltage
device, wherein the control unit is configured to perform
the above method.

[0014] The object is also solved by an interrupter unit
for a gas-insulated high or medium voltage device com-
prising a first arcing contact and a second arcing contact,
wherein for an opening operation of the interrupter unit
atleastone of the arcing contacts is axially movable along
a switching axis thereby bringing the first arcing contact
and second arcing contact from a closed position with
direct contact between the firstand second arcing contact
into an open position with a final distance between the
first and second arcing contact, wherein the interrupter
unit comprises at least one electromagnetic drive for driv-
ing the axial motion of the first and/or second arcing con-
tact from the closed position to the open position based
on a control signal, and wherein the interrupter unit com-
prises the above control unit.

[0015] Furthermore, the object is also solved by a gas-
insulated high or medium voltage device comprising the
above interrupter unit, and wherein the high or medium
voltage device comprises an arc extinguishing gas.
[0016] One aspect of the invention is, that the motion
of the first and/or second arcing contact from the closed
position to the open position is in a certain timeframe -
which is called second timeframe and occurs during the
opening operation - such that the distance between the
arcing contacts is essentially constant. It has been ob-
served that the dielectric recovery performance and the
thermal interruption performance of high or medium volt-
age devices are dependent on a duration of a timeframe
during which the arc is burning - also called arcing time.
It was found that a motion of the arcing contacts by which
the distance between the arcing contact is essentially
kept constant in the second timeframe improves dielec-
tric recovery performance and thermal interruption per-
formance of the high or medium voltage device.

[0017] In order to provide the axial motion, the inter-
rupter unit comprises at least one electromagnetic drive
for driving the axial motion of the first and/or second arc-
ing contact from the closed position to the open position
based on the control signal, and further comprises the
control unit that is configured to perform the method for
determining the control signal. The electromagnetic drive
is preferably configured such that a stroke of the electro-
magnetic drive is controlled by the control signal. In other
words, the electromagnetic drive is a programmable elec-
tromagnetic drive providing a stroke characteristic based
on the control signal. Further preferably the control signal
is adigital signalthat can be processed by the control unit.
[0018] Inotherwords, the axial motion ofthe firstand/or
second arcing contact from the closed to the open posi-
tion preferably comprises a second timeframe in which
the distance between the first and the second arcing con-
tact is essentially kept constant. Being essentially kept
constant means that the distance between the firstarcing
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contact and the second arcing contact does only vary for
+ 20 % of a predefined distance in the second timeframe.
[0019] It was observed that the interruption perform-
ance of the high or medium voltage device depends on
the relative position of the first or second arcing contact
with respect to an insulating nozzle. At the zero crossing
of the alternating short circuit current, also called current-
zero - which is the timepoint when the arc is extinguished
- one of the arcing contacts is typically located some-
where in a diverging region of the insulating nozzle. It
was found that the arc extinguishing gas conditions in
the region in front of this arcing contact generally gets
worse for current interruption when the position of the
arcing contact moves farther into the diverging region of
the insulating nozzle. Hence, by keeping the distance
between the first and second arcing contacts essentially
constant in the second timeframe, the arcing contact is
hindered to move farther into the diverging region. Thus,
also for long arcing times good interruption conditions
are provided.

[0020] Furthermore, the control signal of the electro-
magnetic drive is determined such that the distance be-
tween the first and second arcing contacts in the second
timeframe does not correspond to the final distance. In
other words, the distance between the first and second
arcing contact in the second timeframe is not the final
distance, but a distance shorter than the final distance.
This preferably also means that the second timeframe is
notatthe end of the opening operation. Further preferably
the final distance between the arcing contacts corre-
sponds to a distance between the first and second arcing
contacts that is required by the open gap withstand in-
sulation requirement of the interrupter unit.

[0021] According to a preferred embodiment of the in-
vention the step of determining the control signal of the
electromagnetic drive comprises determining the control
signal such that in a first timeframe of the opening oper-
ation, wherein the first timeframe immediately precedes
the second timeframe, the distance between the firstand
second arcing contacts increases, and in a third time-
frame of the opening operation, wherein the third time-
frame immediately follows the second timeframe, the dis-
tance between the first arcing contact and the second
arcing contact increases until the final distance between
the first arcing contact and the second arcing contact is
achieved. In other words, it is preferred if the opening
operation comprises three consecutive timeframes,
wherein in the first timeframe the distance between the
first and second arcing contactincreases, and preferably
continuously increases, in the second timeframe the dis-
tance is essentially kept constant, and in the third time-
frame the distance again increases, and preferably con-
tinuously increases, until the final distance is achieved.
[0022] According to another preferred embodiment of
the invention the step of determining the control signal
of the electromagnetic drive comprises determining the
control signal of the electromagnetic drive, such that in
the second timeframe of the opening operation the first
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arcing contact and the second arcing contact have no
motion, or such that in the second timeframe of the open-
ing operation the motion of the first arcing contact is es-
sentially matched to the motion of the second arcing con-
tact. Having no motion means in the context of this ap-
plication that the first and the second arcing contact have
no absolute motion.

[0023] In other words, the essentially constant dis-
tance between the first and second arcing contacts in the
second timeframe can be achieved by two variants:

In the first variant neither the first nor the second arcing
contact have an absolute motion during the second time-
frame. This is particular preferred for interrupter units
where only one arcing contact is axially movable and the
other arcing contact is stationary. Circuit breakers having
such interrupter units are called single-motion circuit
breakers. Furthermore, the first variant is also preferred
for interrupter units, where the electromagnetic drive
drives the axial motion of the first or second arcing contact
and the motion is transferred to the other arcing contact
by a gear linkage mechanism.

[0024] In the second variant, the motion of one of the
arcing contacts is essentially matched to the motion of
the other arcing contact in the second timeframe, such
that the distance between the arcing contacts is kept con-
stant = 20 %. As in the first timeframe and in the third
timeframe - i.e. the timeframes that precede and follow
the second timeframe - the distance between the arcing
contact preferably increases, this also preferably means
for interrupter units where both arcing contacts perform
a motion during opening operation, that in this variant the
motion of the first or the second arcing contact preferably
comprises an inversion of the motion direction.

[0025] In order to improve the interruption capabilities
of the interrupter unit it is beneficial to get cooler and
denser arc extinguishing gas in the region around the
arcing contact that is located somewhere in a diverging
region of the insulating nozzle at current-zero. In relation
to this and according to another preferred embodiment
of the invention, the interrupter unit comprises an insu-
lating nozzle, wherein the insulating nozzle comprises a
throat region and adjacent to the throatregion a diverging
region, wherein the throat region forms a cylindrically
shaped throat channel and the diverging region forms a
diverging channel, wherein during opening operation a
tip of one arcing contact first moves through the cylindri-
cally shaped throat channel and afterwards through the
diverging channel, and wherein the step of determining
the control signal of the electromagnetic drive comprises
determining the control signal such that the second time-
frame starts when the distance between the first and sec-
ond arcing contacts is such that an insulating nozzle out-
flow limiting area defined by the minimum cross-section
area between the diverging channel and the tip of the
one arcing contact lying within the diverging channel is
essentially equal to a minimum cross-section area of the
cylindrically shaped throat channel. Being essentially
equal preferably means that the outflow limiting area in
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the insulating nozzle divergent is equal to or exceeds the
minimum cross-section area of the cylindrically shaped
throat channel, and preferably exceeds the minimum
cross-section area of the throat channel by maximally 30
%.

[0026] Preferably, the one arcing contact that moves
through the cylindrically shaped throat channel and the
diverging channel during opening operation is the plug
contact. In other words, the position of the first and sec-
ond arcing contacts with respect to each other, at which
the second timeframe starts, is preferably a position
where the arc extinguishing gas has beneficial flow con-
ditions, and more preferably where the annular shaped
cross-section area defined by the contours of the tip of
the plug contact and the contours ofthe diverging channel
ofthe insulating nozzle equals or exceeds, and preferably
exceeds by maximally 30 %, the circular shaped cross-
section area defined by the contours of the cylindrically
shaped throat channel of the throat region. These con-
ditions typically define the minimum arcing time of the
interrupter unit. Hence, and according to another pre-
ferred embodiment of the invention, the step of determin-
ing the control signal of the electromagnetic drive com-
prises determining the control signal such that the second
timeframe starts at the minimum arcing time of the inter-
rupter unit.

[0027] According to another preferred embodiment of
the invention, the step of determining the control signal
of the electromagnetic drive comprises determining the
control signal such that the second timeframe lasts until
arc extinction of a longest arcing time of the interrupter
unit. Preferably as arc extinction happens at current-zero,
the arc extinction of the longest arcing time of the inter-
rupter unit is defined by the minimum arcing time of the
interrupter unit and the frequency of the alternating fault
current. Further preferably the distance between the first
and second arcing contacts in the third timeframe in-
creased rapidly to attain the final distance required by
open gap insulation tests, such as lightning impulse,
and/or dielectric integrity.

[0028] Further preferably, the method comprises the
step of receiving a fault current signal, and wherein the
step of determining the control signal of the electromag-
netic drive comprises determining the control signal of
the electromagnetic drive taking the received faultcurrent
signal and the type of interrupter unit into account, such
that

- in cases where the interrupter unit is a puffer-type
interrupter unit and the fault current signal is a ca-
pacitive current switching or a short-line fault duty,
the distance between the first and the second arcing
contacts in the second timeframe is essentially kept
constant, and/or

- in cases where the interrupter unit is a self-blast in-
terrupter unit and the fault current signal is a low
current duty, the distance between the first and the
second arcing contacts in the second timeframe is
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essentially kept constant, and/or

- in cases where the interrupter unit is a self-blast in-
terrupter unit and the fault current signal is a high
current duty, the distance between the first and the
second arcing contacts in the second timeframe is
essentially kept constant or increases.

[0029] Further preferably the fault current signal is a
digital signal that can be processed by the control unit.
It was found that keeping the distance between the first
and second arcing contact in the second timeframe es-
sentially constant increases the performance of puffer-
type interrupter unit for, for example, capacitive current
switching and for short-line fault duties. Furthermore, al-
so the dielectric recovery performance of self-blast inter-
rupter units for low current duties can be significantly in-
creased by keeping the distance between the first and
second arcing contact essentially constant in the second
timeframe. Furthermore, in cases where the interrupter
unit is a self-blast interrupter unit and the fault current
signal is a high current duty, it was found that keeping
the distance between the first and second arcing contact
in the second timeframe essentially constant does not
negatively affect the interruption performance with re-
spect to a movement of the arcing contacts, where the
distance in the second timeframe increases.

[0030] Other aspects and advantages of the method
for determining the control signal of the electromagnetic
drive of the interrupter unit for a high or medium voltage
device are directly and unambiguously derived by the
person skilled in the art from the description of the inter-
rupter unit, the description of the gas-insulated high or
medium voltage device and the figure description.
[0031] As already mentioned, the invention is also di-
rected to the control unit configured to perform the above
described method and also to the interrupter unit for a
gas-insulated high or medium voltage device comprising
the first arcing contact and the second arcing contact,
wherein for the opening operation of the interrupter unit
atleastone of the arcing contacts is axially movable along
a switching axis thereby bringing the first arcing contact
and second arcing contact from the closed position with
direct contact between the first and second arcing con-
tacts into the open position with a final distance between
the first and second arcing contacts, wherein the inter-
rupter unit comprises the at least one electromagnetic
drive for driving the axial motion of the first and/or second
arcing contact from the closed position to the open posi-
tion based on the control signal, and wherein the inter-
rupter unit comprises the control unit.

[0032] As the motion of the arcing contact of the inter-
rupter unit are such that in the second timeframe that
occurs during opening operation and before the final dis-
tance between the first and second arcing contact is
reached, the distance between the first and the second
arcing contact is essentially kept constant, beneficial arc
extinguishing gas conditions can be achieved during the
opening operation and thus the performance of the inter-
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rupter unit is enhanced.

[0033] According to a preferred embodiment of the in-
vention the interrupter unit comprises a sensing device
communicationally connected to the control unit, and
wherein the sensing device is configured to generate a
fault current signal based on analysis of a fault current
and to send the fault current signal to the control unit.
This is an easy way to ensure that the motion of the first
and/or second arcing contact is adapted to the fault cur-
rent signal. In other words, the control unit is preferably
coupled to the sensing devices in order to produce a con-
trol signal for a motion of the first and/or second arcing
contactthatis adapted to different duties of the interrupter
unit. By customizing the travel curves of the first and/or
second arcing contact, the electromagnetic drive pro-
vides the specific stroke characteristics, allowing an op-
timalinterruption performance for diverse interruption du-
ties. Furthermore, the sensing device preferably per-
forms an analysis of the fault current and, based on it,
will send the fault current signal to the control unit, which
than proposes the motion law for the interruption duties
for which it is beneficial.

[0034] According to another preferred embodiment of
the invention, the interrupter unit is configured such that
for the opening operation only the first or second arcing
contact is axially movable along the switching axis,
wherein the electromagnetic drive drives the axial motion
of the axially movable arcing contact based on the control
signal, and wherein the control unit is configured to de-
termine the control signal, such that in the second time-
frame of the opening operation the first arcing contact
and the second arcing contact have no motion. In other
words, in this embodiment the interrupter unit is config-
ured as a single motion interruption unit, where one arc-
ing contact is stationary during the opening operation. In
this case in the second timeframe of the opening opera-
tion the first arcing contact and the second arcing contact
have no absolute motion.

[0035] According to an alternative embodiment of the
invention, the interrupter unit is configured such that for
the opening operation of the interrupter unit the first and
second arcing contacts are axially movable along the
switching axis, wherein the electromagnetic drive is con-
nected to the first or second arcing contact and drives
the axial motion of said driving arcing contact based on
the control signal, wherein the interrupter unit comprises
a gear linkage mechanism connecting the motion of said
driving arcing contact to the motion of the other indirectly
driven arcing contact, and wherein the control unitis con-
figured to determine the control signal, such that in the
second timeframe of the opening operation the first arc-
ing contact and the second arcing contact have no mo-
tion. In other words, in this embodiment one of the arcing
contacts, i.e. the driving arcing contact, is directly con-
nected to the electromagnetic drive, while the other arc-
ing contact, i.e. the driven arcing contact, is indirectly
driven via a gear linkage mechanism by the driving arcing
contact.
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[0036] According to a further alternative embodiment
ofthe invention the interrupter unitis free of agear linkage
mechanism connecting the motion of one of the arcing
contacts to the motion of the other arcing contact, wherein
the electromagnetic drive drives the axial motion of the
first and/or second arcing contact based on the control
signal, and wherein the control unit is configured to de-
termine the control signal, such that in the second time-
frame of the opening operation the motion of the first
arcing contact is essentially matched to the motion of the
second arcing contact. In this preferred embodiment the
interrupter unitis free of a gear linkage mechanism, which
makes the structure of the interrupter unit less complex.
Furthermore, the control signal can be a control signal
dedicated for the motion of only one of the arcing contacts
or it can be a control signal dedicated for the motion of
both arcing contacts.

[0037] According to another alternative and particular
preferred embodiment of the invention the interrupter unit
is configured such that for the opening operation of the
interrupter unit the first and second arcing contacts are
axially movable along the switching axis, wherein the
electromagnetic drive is connected to the first or second
arcing contact and drives the axial motion of said arcing
contact based on the control signal, wherein the inter-
rupter unitis free of a gear linkage mechanism connecting
the motion of said arcing contact to the motion of the
other arcing contact, and wherein the control unit is con-
figured to determine the control signal, such that in the
second timeframe of the opening operation the motion
of said arcing contact is essentially matched to the motion
ofthe other arcing contact. In this embodiment the motion
of the arcing contact not driven by the electromagnetic
drive is preferably driven by a conventional drive such
as a spring drive or a hydraulic drive. In particular the
conventional drive preferably provides a physically pre-
determined stroke characteristic and is not programma-
ble.

[0038] In connection to the above and according to an-
other preferred embodiment of the invention the inter-
rupter unit is configured such that for the opening oper-
ation of the interrupter unit the first and second arcing
contacts are axially movable along the switching axis,
wherein the interrupter unitis free of a gear linkage mech-
anism connecting the motion of one of the arcing contacts
to the motion of the other arcing contact, wherein the
electromagnetic drive drives the axial motion of the first
arcing contact based on the control signal, wherein the
interrupter unit comprises a drive for driving the motion
of the second arcing contact, wherein the motion of the
second arcing contact effects a pressurization of a pres-
surization chamber, and wherein the control unit is con-
figured to determine the control signal, such that in the
second timeframe of the opening operation the motion
of the first arcing contact is essentially matched to the
motion ofthe second arcing contact. The drive that effects
the motion of the second arcing contact and the pressur-
ization of the pressurization chamber is preferably not a
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programmable drive, but a driven that provides a physi-
cally predetermined stroke characteristic such as a
spring drive or a hydraulic drive.

[0039] According to another preferred embodiment of
the invention the interrupter unit is configured such that
for the opening operation of the interrupter unit the first
and second arcing contacts are axially movable along
the switching axis, wherein the interrupter unit comprises
two electromagnetic drives, each connected to one of
the arcing contacts for driving the axial motion of the arc-
ing contacts based on the control signal, wherein the in-
terrupter unit is free of a gear linkage mechanism con-
necting the motion of one of the arcing contacts to the
motion of the other arcing contact, and wherein the con-
trol unitis configured to determine the control signal, such
that in the second timeframe of the opening operation
the first arcing contact and the second arcing contact
have no motion, or such that in the second timeframe of
the opening operation the motion of one arcing contact
is essentially matched to the motion of the other arcing
contact. In this particular embodiment the control signal
is a signal dedicated for two electromagnetic drives.
[0040] As already mentioned, the invention also re-
lates to a gas-insulated high or medium voltage device
comprising the above-described interrupter unit, and
wherein the high or medium voltage device comprises
the arc extinguishing gas.

[0041] Preferably the arc extinguishing gas is selected
from CO,, SFg, mixtures of CO, or SF¢ with a carrier gas
and/or mixtures of fluoroketons and/or fluoronitriles with
a carrier gas. The carrier gas for use with fluoroketons
and/or fluoronitriles and/or SFg may comprise air, N,,
CO,, and mixtures thereof. Further preferably the arc ex-
tinguishing gas may have a reduced fluorine content
compared to SFg, or may even be essentially fluorine
free.

[0042] According to another preferred embodiment of
the invention the gas-insulated high or medium voltage
device is preferably a circuit breaker and more preferably
the gas-insulated high or medium voltage device is con-
figured as a puffer-type circuit breaker or a self-blast cir-
cuit breaker. Furthermore, in the context of this invention
medium to high voltages means voltages of 12 kV to 72
kV (medium voltage) and up to 1200 kV (high voltage).
[0043] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

[0044] In the drawings:

Fig. 1 schematically shows an interrupter unit of a
high or medium voltage device according to a
preferred embodiment of the invention,

Fig.2  schematically shows the interrupter unit of fig-
ure 1, when a final distance between a first and
second arcing contact is reached,

Fig. 3  schematically shows in a) b) and c) each a di-
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agram describing the relative position of a first
and second arcing contact, and the correspond-
ing distance between the first and second arc-
ing contact during an opening operation of the
interrupter unit of figure 1,
Fig. 4  schematically shows a diagram describing the
relative position of afirstand second arcing con-
tact, and the corresponding distance between
the first and second arcing contact during an
opening operation according to a further em-
bodiment of the invention,
Fig. 5 schematically shows in the upper half flow
streamlines for alow current duty at currentzero
for the opening operation shown in figure 3 for
the interrupter unit of figures 1 and 2, and in the
lower half flow streamlines for alow current duty
at current zero for an opening operation of an
interrupter unit according to prior art.

Description of embodiments

[0045] Fig. 1 schematically shows an interrupter unit
10 for a gas-insulated high or medium voltage device,
according to a preferred embodiment. The interrupter unit
10 comprises a first arcing contact 12 and a second arc-
ing contact 14. In this embodiment the first arcing contact
12 has the form of a plug contact 12 and the second
arcing contact 14 is configured as tulip contact 14. The
plug contact 12 is axially movable along a switching axis
16. The tulip contact 14 is also axially movable along the
switching axis 16 and is further configured to engage
around a proximal portion of the plug contact 12, in the
closed position of the contacts 12, 14 (not shown in figure
1). During opening operation of the interrupter unit 10, a
distance 18 between the plug contact 12 and tulip contact
14 increases until a final distance 18 is reached.

[0046] Figure 1 shows the interrupter unit 10 during
the opening operation, while figure 2 shows the interrupt-
er unit 10 when the final distance 18 between the first
and second arcing contacts 12,14 is reached.

[0047] The interrupter unit 10 further comprises an
electromagnetic drive 20 (only schematically shown) for
driving the axial motion of the first arcing contact 12, i.e.
the plug contact, along the switching axis 16 based on a
control signal and further comprises a control unit 22 for
determining the control signal. The control unit 22 is com-
municationally connected to the electromagnetic drive
20 and configured to send the control signal to the elec-
tromagnetic drive 20. In this embodiment the interrupter
unit 10 further comprises a sensing device 24 communi-
cationally connected to the control unit 22, wherein the
sensing device 24 is configured to generate afault current
signal based on analysis of a fault current and to send
the fault current signal to the control unit 22.

[0048] Furthermore, in this embodimentthe interrupter
unit 10 is free of a gear linkage mechanism connecting
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the motion of the first arcing contact 12 to the motion of
the second arcing contact 14. Instead, the motion of the
second arcing contact 14 is affected by another drive (not
shown in figure 1), in this embodiment a spring drive.
[0049] As can also be seen in figure 1, the interrupter
unit 10 comprises a nozzle system 26 wherein the nozzle
system 26 at least partially encloses the second contact
14. The nozzle system 26 comprises a heating channel
28 for guiding an arc extinguishing gas in a flow-guiding
direction 30 from a pressurization chamber to an arcing
region 32 for extinguishing an arc formed in the arcing
region 32 between the first arcing contact 12 and the
second arcing contact 14 during the opening operation
of the arcing contacts 12,14.

[0050] In this embodiment the nozzle system 26 com-
prises an auxiliary nozzle 34 and an insulating nozzle 36
arranged around the auxiliary nozzle 34 and the heating
channel 28 is formed in between the insulating nozzle 36
and the auxiliary nozzle 34.

[0051] The insulating nozzle 36 comprises a throat re-
gion 38 and adjacent to the throat region 38 a diverging
region 40, wherein the throat region 38 forms a cylindri-
cally shaped throat channel and the diverging region 40
forms a diverging channel. During opening operation, a
tip 42 of the plug contact 12 first moves through the cy-
lindrically shaped throat channel and afterwards through
the diverging channel until the final distance 18 between
the two arcing contacts 12, 14 is reached.

[0052] As already mentioned, the interrupter unit 10
comprises the control unit 22 for determining the control
signal. For this the control unit 22 is configured to perform
a method for determining the control signal. In the follow-
ing, and also with reference to figures 1 to 3, the method
for determining the control signal of the electromagnetic
drive 20 of the interrupter unit 10 is described.

[0053] In figure 3 three diagrams show each the rela-
tive position 44 of the first arcing contact 12 and the rel-
ative position 46 of the second arcing contact 14 during
the opening operation, in relation to their original closed
position. The diagrams further show the corresponding
distance 18 between the first 12 and second arcing con-
tact 14 during the opening operation and also the fault
current 48 - i.e. an alternating short circuit current 48.
The x-axis 50 of figure 3 is a time axis.

[0054] In a first step of the method the control unit 22
receives the fault current signal from the sensing device
24.The sensing device 24 has generated the fault current
signal by analyzing the alternating short circuit current
48 and has sent the fault current signal to the control unit
22. In a subsequent step, the control unit 22 determines
the control signal of the electromagnetic drive 20 such
thatin a second timeframe 52 that occurs during opening
operation and before the final distance 18 between the
first and second arcing contact 12,14 is reached, the dis-
tance 18 between the first and the second arcing contact
12,14 is kept constant = 20 %.

[0055] As can be seen by comparing figures 3a) 3b)
and 3c), the alternating short circuit current 48 has a dif-
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ferent value at the beginning of each diagram. Hence,
also a duration 54 of the time during which the arc is
burning, is different for each of the diagrams 3a), 3b) and
3c).

[0056] Figure 3c) shows the situation where the arc is
extinguished at the minimum arcing time 56 the interrupt-
erunit 10 canreach. Figure 3a) shows the situation where
the arc is extinguished at the maximum arcing time 57,
while figure 3b) shows an intermediate situation.

[0057] As can be seenin figures 3a) to 3c) the control
signal is determined such that the second timeframe 52
starts at the minimum arcing time 56 of the interrupter
unit 10. The minimum arcing time 56 the interrupter unit
10 can reach, is influenced by the geometry of the inter-
rupter unit 10. With reference to figure 1 the control signal
is determined such that the second timeframe 52 starts
when the distance 18 between the firstand second arcing
contacts 12,14 is such that an insulating nozzle outflow
limiting area 60 defined by the cross-section area of the
contours of the diverging channel and the contour of the
tip 42 of the plug contact 12 within the diverging channel
is equal to or exceeds - and preferably exceeds by max-
imally 30% - a cross-section area 58 of the cylindrically
shaped throat channel in the throat region 38. In other
words, figure 1 shows the interrupter unit 10 in a situation
when the second timeframe 52 starts.

[0058] As can be seen from figure 3, the control unit
22 is configured to determine the control signal, such that
in the second timeframe 52 of the opening operation the
motion of the first arcing contact 12 is essentially matched
to the motion of the second arcing contact 14. Hence
figure 1 also shows the interrupter unit 10 in a situation
when the second timeframe 52 stops.

[0059] Furthermore, as can also be seen in figure 3,
the control signal is determined such that the distance
18 between the first and second arcing contacts 12,14
in the second timeframe 52 does not correspond to the
final distance 18 between the arcing contacts 12,14. In-
stead, the control signal is determined such that in a first
timeframe 62 of the opening operation, wherein the first
timeframe 62 immediately precedes the second time-
frame 52 the distance 18 between the first and second
arcing contacts 12,14 increases, and in a third timeframe
64 of the opening operation, wherein the third timeframe
64 immediately follows the second timeframe 52 the dis-
tance between the first arcing contact 12 and the second
arcing contact 14 increases until the final distance 18
between the first arcing contact 12 and the second arcing
contact 14 is achieved.

[0060] Furthermore, as can also be seen from figure
3, the control signal is determined such that the second
timeframe 52 lasts until arc extinction of the longest arc-
ing time 57 of the interrupter unit 10.

[0061] Fig. 4 schematically shows a diagram describ-
ing the relative positions 44, 46 of the first and second
arcing contacts 12,14, and the corresponding distance
18 between the first and second arcing contacts 12,14
during the opening operation according to a further em-
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bodiment of the invention.

[0062] In this embodiment, the control unit 22 is con-
figured to determine the control signal of the electromag-
netic drive 20 such that in the second timeframe 52 of
the opening operation the first arcing contact 12 and the
second arcing contact 14 have no absolute motion. In
this embodiment the electromagnetic drive 20 is not con-
nected to the plug contact 12 as shown in figure 1 and 2
but to the tulip contact 14.

[0063] Figure 5 schematically shows in the upper half
the flow streamlines 66 for a low current duty at current
zero for the opening operation shown in figure 3 for the
interrupter unit 10 of figures 1 and 2. The interrupter unit
10 is configured as self-blast circuit breaker.

[0064] In the lower half of figure 5 the flow streamlines
66’ for a low current duty at current zero for a prior art
self-blast circuit breaker interrupter unit 10’ is shown. The
prior art interrupter unit 10’ performs a motion of the arc-
ing contacts 12’ 14’ during opening operation where the
distance between the first and second arcing contacts
12’,14’ is not constant within the second timeframe, but
is continuously increasing.

[0065] As both halves of figure 5 refer to the longest
arcing time, the position of the plug contact 12’ of the
prior art interrupter unit 10’ is farther downstream in the
diverging region 40’ compared to the position of the plug
contact 12 for the interrupter unit 10 according to a pre-
ferred embodiment of the invention.

[0066] The shaded area 68,68’ in figure 5 indicates the
regions of recirculating flow that are established in front
of the plug contacts 12,12". The arc extinguishing gas
trapped in these fluid pockets is hotter than the arc ex-
tinguishing gas flowing outside of the regions 68,68'.
[0067] As can be seen in figure 5, the region of recir-
culating flow 68 68’ is smaller for the interrupter unit 10
according to the preferred embodiment of the invention
compared to the interrupter unit 10’ according to prior art.
This is because the arc extinguishing gas is accelerated
by the smaller cross-sectional area 60 delimited by the
plug tip 42 and the divergent contour of the diverging
region 40 of the insulating nozzle 36. Reducing the size
of the hot gas pocked 68 in front of the plug contact 12
results in a higher dielectric withstand capability of the
interrupter unit 10, thus leading to an increase in the in-
terruption performance of the interrupter unit 10.

[0068] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to be disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closed, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
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that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not
be construed as limiting scope.

Reference signs list

[0069]

10 interrupter unit

12 first arcing contact, plug contact

14  second arcing contact, tulip contact

16  switching axis

18 distance

20 electromagnetic drive

22  control unit

24  sensing device

26  nozzle system

28  heating channel

30 flow guiding direction

32  arcing region

34  auxiliary nozzle

36 insulating nozzle

38 throat region

40  diverging region

42  plug tip

44  relative position of first arcing contact

46  relative position of second arcing contact

48  fault current

50 x-axis

52  second timeframe

54  duration of arc burning

56  minimum arcing time

57  maximum arcing time, arc extinction of the longest
arcing time

58 cross section area of channel in throat region

60 nozzle outflow limiting area

62 first timeframe

64  second timeframe

66 flow streamlines of arc extinguishing gas

68  regions of recirculating flow, hot gas pocket

Claims

1. Computer implemented method for determining a

control signal of an electromagnetic drive (20) of an
interrupter unit (10) for a high or medium voltage
device, wherein the interrupter unit (10) comprises
afirstarcing contact (12) and a second arcing contact
(14),

wherein for an opening operation of the inter-
rupter unit (10) at least one of the arcing contacts
(12,14)is axially movable along a switching axis
(16) thereby bringing the first arcing contact (12)
and second arcing contact (14) from a closed
position with direct contact between the first and
second arcing contacts (12,14) into an open po-
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sition with a final distance between the first and
second arcing contacts (12,14),

wherein the interrupter unit (10) comprises at
least one electromagnetic drive (20) for driving
the axial motion of the first and/or second arcing
contact (12,14) from the closed position to the
open position based on the control signal,
comprising the step of

- determining the control signal of the elec-
tromagnetic drive (20) such that in a second
timeframe (52) that occurs during opening
operation and before the final distance be-
tween the first and second arcing contact
(12,14) is reached, a distance (18) between
the first and the second arcing contact
(12,14) is kept constant = 20 %.

The computer implemented method according to
any of the previous claims, wherein the step of de-
termining the control signal of the electromagnetic
drive (20) comprises determining the control signal
such that in a first timeframe (62) of the opening op-
eration, wherein the first timeframe (62) immediately
precedes the second timeframe (52), the distance
(18) between the first and second arcing contacts
(12,14) increases, and in a third timeframe (64) of
the opening operation, wherein the third timeframe
(64) immediately follows the second timeframe (52),
the distance (18) between the first arcing contact (12)
and the second arcing contact (14) increases until
the final distance between the first arcing contact
(12) and the second arcing contact (14) is achieved.

The computerimplemented method according to the
previous claim, wherein the step of determining the
control signal of the electromagnetic drive (20) com-
prises determining the control signal of the electro-
magnetic drive (20) such that in the second time-
frame (52) of the opening operation the first arcing
contact (12) and the second arcing contact (14) have
no motion, or such that in the second timeframe (52)
of the opening operation the motion of the first arcing
contact (12) is essentially matched to the motion of
the second arcing contact (14).

The computer implemented method according to
any of the previous claims, the interrupter unit (10)
comprises an insulating nozzle (36), wherein the in-
sulating nozzle (36) comprises a throat region (38)
and adjacent to the throat region (38) a diverging
region (40), wherein the throat region (38) forms a
cylindrically shaped throat channel and the diverging
region (40) forms a diverging channel, wherein dur-
ing opening operation a tip (42) of one arcing contact
(12) first moves through the cylindrically shaped
throat channel and afterwards through the diverging
channel, and wherein the step of determining the
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control signal of the electromagnetic drive (20) com-
prises determining the control signal such that the
second timeframe (52) starts when the distance (18)
between the first and second arcing contacts (12,14)
is such that an insulating nozzle outflow limiting area
(60) defined by a minimum cross-section area be-
tween the diverging channel and the tip (42) of the
one arcing contact (12) lying within the diverging
channel is equal to or exceeds, and preferably ex-
ceeds by maximally 30%, a minimum cross-section
area (58) of the cylindrically shaped throat channel,
and/or

wherein the step of determining the control signal of
the electromagnetic drive (20) comprises determin-
ing the control signal such that the second timeframe
(52) starts at a minimum arcing time (56) of the in-
terrupter unit (10).

The computer implemented method according to
any of the previous claims, wherein the step of de-
termining the control signal of the electromagnetic
drive (20) comprises determining the control signal
such that the second timeframe (52) lasts until arc
extinction of a longest arcing time (57) of the inter-
rupter unit (10).

Control unit (22) for determining a control signal of
an electromagnetic drive (20) of an interrupter unit
(10) for a high or medium voltage device, wherein
the control unit (22) is configured to perform the
method according to any of the previous method
claims.

Interrupter unit (10) for a gas-insulated high or me-
dium voltage device comprising

a first arcing contact (12) and a second arcing
contact (14),

wherein for an opening operation of the inter-
rupter unit (10) at least one of the arcing contacts
(12,14)is axially movable along a switching axis
(16) thereby bringing the first arcing contact (12)
and second arcing contact (14) from a closed
position with direct contact between the first and
second arcing contacts (12,14) into an open po-
sition with a final distance between the first and
second arcing contacts (12,14),

wherein the interrupter unit (10) comprises at
least one electromagnetic drive (20) for driving
the axial motion of the first and/or second arcing
contact (12,14) from the closed position to the
open position based on a control signal, and
wherein the interrupter unit (10) comprises the
control unit (22) according to the previous claim.

8. The interrupter unit (10) according to the previous

interrupter unit claim comprising a sensing device
(24) communicationally connected to the control unit
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10

10.

1.

12.

(22), and wherein the sensing device (24) is config-
ured to generate afault current signal based on anal-
ysis of afaultcurrent (42)and to send the faultcurrent
signal to the control unit (22).

Interrupterunit (10) according to claim 7 or 8, wherein
the interrupter unit (10) is configured such that for
the opening operation of the interrupter unit (10) the
first and second arcing contacts (12,14) are axially
movable along the switching axis (16), wherein the
electromagnetic drive (20) is connected to the first
or second arcing contact (12,14) and drives the axial
motion of said driving arcing contact (12,14) based
on the control signal, wherein the interrupter unit (10)
comprises agear linkage mechanism connecting the
motion of said driving arcing contact (12,14) to the
motion of the other indirectly driven arcing contact
(12,14), and wherein the control unit (22) is config-
ured to determine the control signal, such that in the
second timeframe (52) of the opening operation the
first arcing contact (12) and the second arcing con-
tact (14) have no motion.

Interrupterunit (10) according to claim 7 or 8, wherein
theinterrupterunit (10) is free of a gear linkage mech-
anism connecting the motion of one of the arcing
contacts (12,14) to the motion of the other arcing
contact (12,14), wherein the electromagnetic drive
(20) drives the axial motion of the first and/or second
arcing contact (12,14) based on the control signal,
and wherein the control unit (22) is configured to de-
termine the control signal, such that in the second
timeframe (52) of the opening operation the motion
of the first arcing contact (12) is essentially matched
to the motion of the second arcing contact (14).

Interrupterunit (10) according to claim 7 or 8, wherein
the interrupter unit (10) is configured such that for
the opening operation of the interrupter unit (10) the
first and second arcing contacts (12,14) are axially
movable along the switching axis (16), wherein the
interrupter unit (10) is free of a gear linkage mecha-
nism connecting the motion of one of the arcing con-
tacts (12,14) to the motion of the other arcing contact
(12,14), wherein the electromagnetic drive (20)
drives the axial motion of the first arcing contact (12)
based on the control signal, wherein the interrupter
unit (10) comprises a drive for driving the motion of
the second arcing contact (14), wherein the motion
of the second arcing contact (14) effects a pressur-
ization of a pressurization chamber, and wherein the
control unit (22) is configured to determine the con-
trol signal, such that in the second timeframe (52) of
the opening operation the motion of the first arcing
contact (12) is essentially matched to the motion of
the second arcing contact (14).

Interrupterunit (10) according to claim 7 or 8, wherein
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the interrupter unit (10) is configured such that for
the opening operation of the interrupter unit (10) the
first and second arcing contacts (12,14) are axially
movable along the switching axis (16), wherein the
interrupter unit (10) comprises two electromagnetic
drives (20), each connected to one of the arcing con-
tacts (12,14) for driving the axial motion of the arcing
contacts (12,14) based on the control signal, wherein
the interrupter unit (1) is free of a gear linkage mech-
anism connecting the motion of one of the arcing
contacts (12,14) to the motion of the other arcing
contact (12,14), and wherein the control unit (22) is
configured to determine the control signal, such that
in the second timeframe (52) of the opening opera-
tion the first arcing contact (12) and the second arc-
ing contact (14) have no motion, or such that in the
second timeframe (52) of the opening operation the
motion of one arcing contact (12,14) is essentially
matched to the motion of the other arcing contact
(12,14).

Gas-insulated high or medium voltage device com-
prising an interrupter unit (10) according to any of
the previous interrupter unit claims, and wherein the
high or medium voltage device comprises an arc ex-
tinguishing gas.

Gas-insulated high or medium voltage device ac-
cording to the previous claim, wherein the gas-insu-
lated high or medium voltage device is configured
as a circuit breaker and more preferably as a puffer-
type circuit breaker, or a self-blast circuit breaker.

Gas insulated high or medium voltage device ac-
cording claim 13 or 14, wherein the arc extinguishing
gas is selected from CO,, SFg, mixtures of CO, or
SFgwitha carrier gas and/or mixtures of fluoroketons
and/or fluoronitriles with a carrier gas.
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