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Description

[0001] This invention relates to a generator power
switching apparatus for switching an AC current.
[0002] Vacuum interrupters are typically used to act as
a load break switch or a circuit breaker in network appli-
cations. More particularly, vacuum interrupters are used
to interrupt a current flowing in an associated electrical
circuit.

[0003] WO 2012/159669 A1 discloses a vacuum inter-
rupter assembly that comprises at least one vacuum in-
terrupter. The or each vacuum interrupter includes a vac-
uum-tight enclosure; first and second electrically conduc-
tive rods, each rod being connected in use to an electrical
network at a first end; a first electrode being mounted
near or at a second end of the first rod; a slotted coil being
operably mounted at a second end of the second rod;
and a second electrode being mounted on an inner sur-
face of the slotted coil. The first electrode and the slotted
coil are located inside the vacuum- tight enclosure, and
the rods are positioned to locate at least a portion of the
first electrode inside the slotted coil.

[0004] According to an aspect of the invention, there
is provided a generator power switching apparatus for
switching an AC current, the generator power switching
apparatus comprising

a first switching assembly connected between first
and second terminals, each terminal being connect-
able to an electrical network, the first switching as-
sembly including:

avacuum interrupter assembly including atleast
one vacuum interrupter;

an electrical device coupled with the vacuum in-
terrupter assembly; and

a control unit configured to control the electrical
device to create a voltage that increases a volt-
age drop across the first switching assembly,

a current flow path connected between the first and
second terminals, the current flow path including a
mechanical switch operable to selectively open and
close the current flow path, the current flow path
when closed permitting at least part of a current flow-
ing between the first and second terminals to flow
through the current flow path and thereby bypass
the electrical device, the current flow path when
opened inhibiting a current flowing between the first
and second terminals from flowing through the cur-
rent flow path; and

a second switching assembly connected in parallel
with the first switching assembly between the first
and second terminals, the second switching assem-
bly including at least one pulsed power switch,
wherein the or each pulsed power switch is config-
ured to be operable to modify a current flowing
through the first switching assembly.
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[0005] The or each vacuum interrupter may include a
pair of contact electrodes, the contact electrodes being
connectable to an electrical network. At least one contact
electrode may be movable relative to the other contact
electrode to open or close a gap between the contact
electrodes.

[0006] During normal operation of the connected elec-
trical network, the mechanical switch is operated to close
the current flow path so that at least part of the current
flowing between the first and second terminals flows
through the current flow path while bypassing the elec-
trical device. Depending on the arrangement of the cur-
rentflow path and the or each vacuum interrupter, at least
part of a current flowing between the first and second
terminals may also flow through the or each vacuum in-
terrupter (i.e. through the closed electrodes of the or each
vacuum interrupter) atthe same time. Closing the current
flow path to enable at least part of the current flowing
between the first and second terminals to bypass the
electrical device reduces heat dissipation from compo-
nents of the electrical device and thereby reduce thermal
losses in the generator power switching apparatus.
[0007] Optionally an electrical resistance of the me-
chanical switch may be rated so that the current flow path
when closed permits at least part of a current flowing
between the first and second terminals to flow through
the current flow path and thereby minimise a flow of cur-
rent through the electrical device. Further optionally the
electrical device may be configured to inhibit a current
flowing between the firstand second terminals from flow-
ing through the electrical device when the current flow
path is closed. Configuring the current flow path and/or
electrical device in this manner further reduces heat dis-
sipation from components of the electrical device and
thereby further reduces thermal losses in the generator
power switching apparatus.

[0008] In the event of a need to interrupt the current
flowing through the generator power switching appara-
tus, the contact electrodes of the or each vacuum inter-
rupter are opened to form a gap therebetween. This leads
to the formation of an arc in the gap between the contact
electrodes of the or each vacuum interrupter.

[0009] An increase in the gap between the contact
electrodes of the or each vacuum interrupter initially
causes arise in arc voltage. Once the gap between the
contact electrodes is sufficiently large to permit effective
distribution of a magnetic field formed between the con-
tact electrodes, the arc voltage stabilises and remains in
a certain voltage level or range, e.g. 30-120V. The or
each vacuum interrupter then interrupts the current, thus
leading to full dielectric recovery of the or each vacuum
interrupter at a natural current zero. Such a natural cur-
rent zero may, for example, be present during operation
of a 50/60Hz power circuit.

[0010] The mechanical switch may be configured to
open the current flow path prior to operation of the vac-
uum interrupter assembly to interrupt a current flowing
between the first and second terminals. Configuring the
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mechanical switch in this manner ensures that none of
the current flowing between the first and second termi-
nals bypasses the electrical device, thereby allowing the
current flowing between the first and second terminals
to continue flowing through the first switching assembly
even when the current flow path is opened.

[0011] In embodiments in which at least one contact
electrode is movable relative to the other contact elec-
trode to open or close a gap between the contact elec-
trodes, the control unit may be configured to control the
electrical device to create a voltage on or after formation
of a gap between the contact electrodes of the or each
vacuum interrupter.

[0012] The inclusion of the electrical device in the gen-
erator power switching apparatus according to the inven-
tion enables the creation of a voltage for combination
with the arc voltage between the contact electrodes of
the or each vacuum interrupter so as to increase the volt-
age drop across the first switching assembly. The provi-
sion of the increased voltage drop across the first switch-
ing assembly helps to rapidly reduce a DC component
and any AC asymmetry present in the electrical network
connected to the first and second terminals. As a result,
the arcing time across the contact electrodes of the or
each vacuum interrupter is considerably reduced, thus
lowering thermal and mechanical stress in the or each
vacuum interrupter. In addition, the provision of the in-
creased voltage drop across the first switching assembly
means that, subsequent to current interruption, the rate
of rise of recovery voltage (RRRV) is damped and the
transient recovery voltage is shared between the vacuum
interrupter assembly and the electrical device, thus re-
ducing dielectric stress in the or each vacuum interrupter.
[0013] Moreover, the reduction in arcing time across
the contact electrodes of the vacuum interrupter com-
pensates for the time taken to operate the mechanical
switch to open the current flow path.

[0014] The electrical device may be configured to in-
hibit a current flowing between the first and second ter-
minals from flowing through the electrical device upon
formation of a predefined magnitude of currentin the vac-
uum interrupter assembly. Configuring the electrical de-
vice in this manner helps the vacuum interrupter assem-
bly to interrupt the current flowing between the first and
second terminals and thereby further reduces the arcing
time across the contact electrodes of the or each vacuum
interrupter.

[0015] In view of the foregoing the combination of the
current flow path and electrical device in the generator
power switching apparatus improves the efficiency and
reliability of the generator power switching apparatus dur-
ing its operation to conduct a current in a normal operat-
ing mode and to interrupt a current in a current interrup-
tion mode.

[0016] The magnitude of the voltage created by the
electrical device may vary depending on the current in-
terruption requirements of the vacuum interrupter as-
sembly. For example, the electrical device may be con-
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figured to create a voltage that is at least one or two
orders of magnitude higherthan an arc voltage generated
by the vacuum interrupter assembly, and/or the electrical
device may be configured to be controllable to create a
voltage in the range of 1-5 kV or in the range of 5-10 kV.
[0017] In further embodiments of the invention, the
electrical device may be a voltage generator or gas filled
switch.

[0018] The voltage generator may include at least one
semiconductor switching device or a plurality of series-
connected semiconductor switching devices. This allows
the electrical device to present a low impedance based
on closed semiconductor switching devices when current
flows through the electrical device.

[0019] The electrical device may be connected in se-
ries with the vacuum interrupter assembly. This allows a
voltage created by the electrical device to be combined
in series with the arc voltage across the vacuum inter-
rupter assembly so asto increase the total voltage across
the first switching assembly.

[0020] The current flow path may be connected be-
tween the first and second terminals in various ways in
order to enable it to carry out its function. In embodiments
of the invention, the current flow path may be further con-
nected in parallel with the electrical device. In other em-
bodiments of the invention, the current flow path may be
connected in parallel with the first switching assembly.
[0021] The number and arrangement of vacuum inter-
rupters in the vacuum interrupter assembly may vary de-
pending on the design requirements of the generator
power switching apparatus. The vacuum interrupter as-
sembly may, for example, include a plurality of series-
connected and/or parallel-connected vacuum interrupt-
ers.

[0022] Multiple vacuum interrupters may be connected
to define different configurations of the vacuum interrupt-
er assembly in order to vary its operating voltage and
current characteristics to match the requirements of the
associated power application.

[0023] Thepulsed powerswitchis simplein designwith
no moving parts, and can be designed to handle bidirec-
tional power flow. In addition, the pulsed power switch is
capable of switching off power flow after a predetermined
period of conduction, and has rapid switching capability,
e.g. the period taken to switch from a closed state to an
open state can vary in the range of nanoseconds to a
few milliseconds. The pulsed power switch can support
a high voltage drop in its open state, e.g. up to a few MV,
can dissipate energy at a rate of up to 109-10'2 Joules
per second, and is capable of carrying out repetitive op-
eration. Thisinturnrenders the pulsed power switch com-
patible for use in the second switching assembly to aid
current interruption in high voltage applications.

[0024] The or each pulsed power switch may be, for
example, any one of:

* a pulsed power switch of the hard tube type, e.g. a
triode, a tetrode;



5 EP 2 947 675 B1 6

e apulsed power switch of the plasma tube type, e.g.
a magnetically-quenched thyratron, a crossed-field
plasma discharge switch or a crossatron, a hollow-
cathode discharge-based hollotron;

e aplasma erosion switch;

¢ areflex triode switch.

[0025] Examples of pulsed power switches and their
operation are described in:

* K. H. Schoenbach, A review of opening switch tech-
nology for inductive energy storage, proceedings of
The IEEE, Vol. 72, No. 8, pp. 1019-1040, August
1984

¢ K.H. Schoenbach, M. Kristiansen, Diffuse Discharg-
es and Opening Switches - A Review of the Tamar-
row Workshops, Proceeding of 4th IEEE Pulsed
Power conference, Albuquerque, New Mexico, pp.
26-32, 1983

¢ K. H. Schoenbach, M. Kristiansen, G. Schaefer, A
review of opening switch technology for inductive en-
ergy storage, Proceedings of the IEEE, Vol. 72, No.
8, pp-1019 - 1040, August 1984

[0026] Pulsed power switches of the hard tube type
are high vacuum devices with a hot-cathode filament
based cathode, and require a high forward voltage to
achieve conduction.

[0027] Pulsed power switches of the plasma tube type
are gas-filled devices, and require a relatively lower for-
ward voltage to achieve conduction. The nature of the
filled gas may be, butis not limited to, hydrogen, nitrogen,
argon, neon, xenon, or other gases and gas mixtures.
Depending upon the design of the pulsed power switch,
gases or gas mixtures are selected to provide the lowest
forward voltage to reduce heat dissipation during normal
conduction and to withstand high voltage during non-con-
duction. Gases such as helium, krypton or hydrogen pro-
vide enhanced switching characteristics.

[0028] As mentioned earlier, an increase in the gap
between the contact electrodes of the or each vacuum
interrupter initially causes a rise in arc voltage. Once the
gap between the contact electrodes is sufficiently large
to permit effective distribution of a magnetic field between
the contact electrodes, the arc voltage stabilises and re-
mains in a certain voltage level or range, e.g. 30-120V.
Meanwhile the electrical device creates a voltage for
combination with the arc voltage between the contact
electrodes of the or each vacuum interrupter so as to
increase the voltage drop across the first switching as-
sembly. At this stage switching the second switching as-
sembly to a closed state transfers a current from the first
switching assembly to the second switching assembly.
This, together with the rise in voltage drop across the first
switching assembly, allows the current in the or each
vacuum interrupter to drop rapidly to zero, and thereby
allow full dielectric recovery of the or each vacuum inter-
rupter. This is followed by the second switching assembly
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being controlled to switch back to an open state to com-
plete the current interruption process.

[0029] The second switching assembly therefore pro-
vides additional control over the currentinterruption proc-
ess by enabling modification of the magnitude of current
flowing through the vacuum interrupter assembly during
the currentinterruption process. Furthermore the second
switching assembly can be switched to modify the mag-
nitude of current flowing in the or each vacuum interrupter
during the current interruption process to minimise any
adverse effects of high current densities on the contact
electrodes to thereby improve the lifetime of the vacuum
interrupter assembly.

[0030] The parallel connection of the first and second
switching assemblies in the generator power switching
apparatus therefore improves the current interruption
process. In addition, the parallel connection of the first
and second switching assemblies in the generator power
switching apparatus results in a simple layout of the gen-
erator power switching apparatus, which in turn reduces
the manufacturing and installation costs of such an ap-
paratus.

[0031] As with the vacuum interrupter assembly, mul-
tiple pulsed power switches may be connected to define
different configurations of the second switching assem-
bly in order to vary its operating voltage and current char-
acteristics to match the requirements of the associated
power application. The second switching assembly may,
for example, include a plurality of series-connected
and/or parallel-connected pulsed power switches.
[0032] Furthermore, the electrical device may be con-
figured to create a voltage that increases a voltage drop
across the first switching assembly so as to reduce an
arc current in the or each vacuum interrupter and thereby
cause formation of an unstable arc in the or each vacuum
interrupter. This in turn leads to dielectric recovery of the
or each vacuum interrupter. In this manner it is possible
to obtain a low arcing time across the contact electrodes
of the or each vacuum interrupter, and achieve success-
ful current interruption without requiring a current zero.
A generator power switching apparatus with an electrical
device configured as such may be suitable for use with
an AC electrical network carrying a current with a high
DC component.

[0033] Examples of applications that are compatible
with the generator power switching apparatus according
tothe inventioninclude, for example, AC power networks,
AC high voltage circuit breakers, AC generator circuit
breakers, transmission lines, railway traction, ships, su-
perconducting magnetic storage devices, high energy fu-
sion reactor experiments, stationary power applications,
renewable energy resources such as fuel cells and pho-
tovoltaic cells.

[0034] Preferred embodiments of the invention will
now be described, by way of non-limiting examples, with
reference to the accompanying drawings in which:

Figure 1a shows, in schematic form, a generator
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power switching apparatus according to a first ex-
ample not being part of the claimed invention;
Figure 1b shows, in schematic form, a generator
power switching apparatus according to a second
example not being part of the claimed invention;
Figure 2 shows, in schematic form, a generator pow-
er switching apparatus according to a third example
not being part of the claimed invention; and

Figure 3 shows, in schematic form, a generator pow-
er switching apparatus according to an embodiment
of the invention.

[0035] Afirst generator power switching apparatus ac-
cording to a first example not being part of the claimed
invention is shown in Figure 1a.

[0036] The first generator power switching apparatus
comprises first and second terminals 10, a first switching
assembly 12, a currentflow path 14, and a control unit 16.
[0037] In use, one of the terminals 10 of the first gen-
erator power switching apparatus is connected via an
isolator 18 to a first terminal 20 of an AC electrical circuit
22, and the other of the terminals 10 of the first generator
power switching apparatus is connected to a second ter-
minal 24 of the AC electrical circuit 22.

[0038] The first switching assembly 12 includes a vac-
uum interrupter assembly. The vacuum interrupter as-
sembly includes a single vacuum interrupter 26. The first
switching assembly 12 further includes a voltage gener-
ator 28.

[0039] In other embodiments of the invention, the vac-
uum interrupter assembly may include a plurality of vac-
uum interrupters.

[0040] The vacuum interrupter includes a cylindrical
housing 30, a first end flange 32 and a second end flange
34 assembled to define a vacuum tight enclosure. Each
end flange 32,34 is brazed to the cylindrical housing 30
to form a hermetic joint. The vacuum interrupter 26 further
includes a centre shield 36 that overlaps inner walls of
the cylindrical housing 30 to protect the inner walls of the
cylindrical housing 30 from metal vapour deposition aris-
ing from arc discharge.

[0041] Each cylindrical housing 30 is metallised and
nickel-plated at both ends. The length and diameter of
the respective cylindrical housing 30 varies depending
on the operating voltage rating of the vacuum interrupter
26, while the dimensions and shape of the first and sec-
ond end flanges 32,34 may vary to correspond to the size
and shape of the cylindrical housing 30.

[0042] The vacuum interrupter 26 also includes a tu-
bular bellows 38 and first and second electrically con-
ductive rods 40,42.

[0043] The first end flange 32 includes a hollow bore
dimensioned to accommodate the tubular bellows 38,
while the second end flange 34 includes a hollow bore
dimensioned to accommodate the second rod 42 within
its hollow bore. The tubular bellows 38 also includes a
hollow bore for retention of the first rod 40.

[0044] Thefirstandsecondrods 40,42 are respectively
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retained within the hollow bores of the tubular bellows 38
and the second end flange 34 so that the second ends
of the rods 40,42 are located inside the enclosure and
the first ends of the rods 40,42 are located outside the
enclosure. The first and second rods 40,42 may be fab-
ricated from, for example, oxygen-free high conductivity
(OFHC) copper.

[0045] The vacuum interrupter 26 further includes first
and second contact electrodes 44,46 which are in the
form of arc control electrodes that are suitably shaped to
generate an axial magnetic field in a gap between the
first and second contact electrodes 44,46.

[0046] The first contact electrode 44 is mounted at the
second end of the first rod 40, while the second contact
electrode 46 is mounted at the second end of the second
rod 42. The rods 40,42 are coaxially aligned so that the
firstand second contact electrodes 44,46 define opposed
electrodes.

[0047] Each contact electrode 44,46 is made from a
refractory material, which may be selected from a group
of, for example, copper-chromium, copper-tungsten,
copper tungsten carbide, tungsten, chromium or molyb-
denum. These refractory materials not only exhibit ex-
cellent electrical conductivity, but also display high die-
lectric strength subsequent to the current interruption.
[0048] Corrugated walls of the tubular bellows 38 allow
the tubular bellows 38 to undergo expansion or contrac-
tion so as to increase or decrease the tubular length of
the tubular bellows 38. This allows the firstrod 40 to move
relative to the second rod 42 between a first position
where the first and second contact electrodes 44,46 are
keptin contact, and a second position where the firstand
second contact electrodes 44,46 are kept at a maximum
separation therebetween. The second rod 42 is kept at
a fixed position.

[0049] The voltage generator 28 includes a plurality of
series-connected semiconductor switching devices.
Each semiconductor switching device constitutes an in-
sulated gate bipolar transistor 48 connected in parallel
with an anti-parallel diode 50. Itis envisaged that, in other
embodiments of the invention, each insulated gate bipo-
lar transistor may be replaced by a different type of sem-
iconductor switching device, and/or the plurality of series-
connected semiconductor switching devices may be re-
placed by a single semiconductor switching device.
[0050] In use, the vacuum interrupter 26 is connected
in series with the voltage generator 28 between the ter-
minals 10 of the first generator power switching appara-
tus so that the first end of the first rod 40 is connected
via the isolator 18 to the first terminal 20 of the AC elec-
trical circuit 22, the first end of the second rod 42 is con-
nected in series with the voltage generator 28, and the
voltage generator 28 is connected to the second terminal
24 of the AC electrical circuit 22.

[0051] The current flow path 14 is further connected in
parallel with the voltage generator 28. The current flow
path 14 includes a mechanical switch 52 operable to se-
lectively open and close the current flow path 14. The
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current flow path 14 when closed permits at least part of
a current flowing between the first and second terminals
10 of the first generator power switching apparatus to
flow through the current flow path 14 and thereby bypass
the voltage generator 28. The current flow path 14 when
opened inhibits a current flowing between the first and
second terminals 10 of the first generator power switch-
ing apparatus from flowing through the current flow path
14.

[0052] In use, the control unit 16 controls the voltage
generator 28 to selectively generate a voltage, and
switches the semiconductor switching devices to either
enable the voltage generator 28 to insert the generated
voltage in series with the vacuum interrupter 26, or pro-
vide a low impedance path for the current flowing through
the first switching assembly 12.

[0053] During normal operation of the connected AC
electrical circuit 22, the tubular bellows 38 is controlled
to move the first rod 40 to the first position to bring the
first and second contact electrodes 44,46 into contact.
Meanwhile the mechanical switch 52 is operated to close
the currentflow path 14, and the semiconductor switching
devices of the voltage generator 28 are switched off to
inhibit a current flowing between the first and second ter-
minals 10 of the first generator power switching appara-
tus from flowing through the voltage generator 28 when
the current flow path is closed. This allows current to flow
between the second and first terminals 24,20 of the con-
nected AC electrical circuit 22 via the electrically conduc-
tive rods 40,42 of the vacuum interrupter 26 and via the
current flow path 14 while bypassing the voltage gener-
ator 28.

[0054] Closing the current flow path 14 to enable the
current flowing between the first and second terminals
10 of the first generator power switching apparatus to
bypass the voltage generator 28, and switching off the
semiconductor switching devices of the voltage genera-
tor 28 to inhibit the current flowing between the first and
second terminals 10 of the first generator power switch-
ing apparatus from flowing through the voltage generator
28, reduces heat dissipation from the semiconductor
switching devices of the voltage generator 28 and there-
by reduce thermal losses in the first generator power
switching apparatus.

[0055] Itis envisaged that, during normal operation of
the connected AC electrical circuit 22, the semiconductor
switching devices of the voltage generator 28 may in-
stead be switched on (instead of being switched off) to
allow at least part of a current flowing between the first
and second terminals 10 of the first generator power
switching apparatus to flow through the voltage generator
28 when the current flow path 14 is closed.

[0056] In the event of a fault resulting in a high fault
current flowing in the connected AC electrical circuit, the
current must be interrupted in order to prevent the high
fault current from damaging components of the AC elec-
trical circuit 22. Interruption of the fault current permits
isolation and subsequent repair of the fault in order to
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restore the AC electrical circuit 22 to normal operating
conditions.

[0057] The current interruption process is initiated by
the control unit 16 switching the semiconductor switching
devices to provide the low impedance path for the current
flowing between the first and second terminals 10 of the
first generator power switching apparatus. This is fol-
lowed by operation of the mechanical switch 52 to open
the current flow path 14 and thereby cause current to
commutate from the current flow path 14 to the voltage
generator 28. This ensures that none of the current flow-
ing between the first and second terminals 10 of the first
generator power switching apparatus bypasses the volt-
age generator 28, thereby allowing the current flowing
between the first and second terminals 10 of the first gen-
erator power switching apparatus to continue flowing
through the first switching assembly 12 even when the
current flow path 14 is opened.

[0058] The current interruption process is continued
by controlling the tubular bellows 38 to move the first rod
40 towards its second position so as to separate the first
and second contact electrodes 44,46. The separation of
the first and second contact electrodes 44,46 results in
the formation of a gap between the first and second con-
tact electrodes 44,46, which leads to the formation of an
arc in this gap.

[0059] The arc consists of metal vapour plasma, which
continues to conduct the current flowing between the first
and second contact electrodes 44,46. This is because
the metal vapour plasma remains electrically charged
under an electric field generated between the two elec-
trodes 44,46. Charged plasma ions travel between the
first contact electrode 44 and the second contact elec-
trode 46, and so the flow of current remains established
between the two contact electrodes 44,46.

[0060] An increase in the gap between the contact
electrodes 44,46 of the vacuum interrupter 26 initially
causes a rise in arc voltage between the contact elec-
trodes 44,46. When the first rod 40 reaches its second
position, i.e. the contact electrodes 44,46 are at their
maximum separation, the maximum arc voltage (e.g.
30-120 V) of the vacuum interrupter 26 is established. At
this stage the gap between the contact electrodes 44,46
is sufficiently large to permit effective distribution of the
axial magneticfield between the contactelectrodes 44,46
and thereby allow the arc voltage to stabilise.

[0061] On or after formation of a gap between the con-
tact electrodes 44,46 of the vacuum interrupter 26, the
control unit 16 controls the voltage generator 28 to gen-
erate a voltage (e.g. 1-5kV) and switches the semicon-
ductor switching devices to enable the voltage generator
28 to insert the generated voltage in series with the vac-
uum interrupter 26. The series combination of the max-
imum arc voltage of the vacuum interrupter 26 and the
voltage created by the voltage generator 28 causes a
rise in voltage drop across the first switching assembly
12.

[0062] The provision of the increased voltage drop
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across the first switching assembly 12 helps to rapidly
reduce a DC component and AC asymmetry present in
the AC electrical circuit. This allows the arc current in the
vacuum interrupter 26 to drop to a lower current value
and thereby reduces the time required to attain a current
zero, and as a result the arcing time across the contact
electrodes 44,46 of the vacuum interrupter 26 is consid-
erably reduced, thus lowering thermal and mechanical
stress in the vacuum interrupter 26. Current interruption
occurs at the natural current zero. At this stage the iso-
lator 18 can be opened. Subsequent to current interrup-
tion, the rate of rise of recovery voltage (RRRV) is
damped and the transient recovery voltage is shared be-
tween the vacuum interrupter 26 and the voltage gener-
ator 28, thus reducing dielectric stress in the vacuum
interrupter 26.

[0063] Moreover, the reduction in arcing time across
the contact electrodes 44,46 of the vacuum interrupter
26 compensates for the time taken to operate the me-
chanical switch 52 to open the current flow path 14.
[0064] The duration of currentinterruption is limited by
the time required to mechanically move the first rod 40
from the first position to the second position, which could
be 1 to 40 ms and would depend on the opening speed
of the first rod 40, and the time to operate the voltage
generator 28, which is typically 1 ms.

[0065] In view of the foregoing the combination of the
current flow path 14 and voltage generator 28 in the first
generator power switching apparatus improves the effi-
ciency and reliability of the first generator power switch-
ing apparatus during its operation to conduct a current
in a normal operating mode and to interrupt a current in
a current interruption mode.

[0066] It will be appreciated that the first generator
power switching apparatus may be operated, for exam-
ple, as a generator circuit breaker for a power generator
rated at 100 MVA or less.

[0067] A second generator power switching apparatus
according to a second example not being part of the
claimed invention is shown in Figure 1b. The second gen-
erator power switching apparatus of Figure 1b is similar
in structure and operation to the first generator power
switching apparatus of Figure 1a, and like features share
the same reference numerals.

[0068] The second generator power switching appa-
ratus differs from the first generator power switching ap-
paratus in that, in the second generator power switching
apparatus, the voltage generator 28 is replaced by a gas
filled switch 54.

[0069] The gas filled switch 54 is filled with gas at high
pressure in the range of 10 to 100 bar. In the embodiment
shown, the gas is hydrogen. It is envisaged that the gas
in the gas filled switch 54 may be argon, nitrogen, a hy-
drogen-argon mixture or a hydrogen-nitrogen mixture.
[0070] The structure and operation of the gas filled
switch 54 is similar to that of the vacuum interrupter 26.
In use, the control unit 16 controls the gas filled switch
54 by moving its first rod 56 relative to its second rod 58
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to open or close a gap between its contact electrodes
60. When a gap is formed between the contact electrodes
60 of the gas filled switch 54, an arc voltage is created
between the opened contact electrodes 60 and thereby
insertedin series with the vacuum interrupter 26, by virtue
of the series connection of the vacuum interrupter 26 and
gas filled switch 54.

[0071] Oncethecurrentinterruption processisinitiated
and on or after formation of a gap between the contact
electrodes 44,46 of the vacuum interrupter 26, the control
unit 16 controls the gas filled switch 54 to create an arc
voltage in the gas filled switch 54, and so the arc voltage
of the gas filled switch 54 is inserted in series with the
arc voltage of the vacuum interrupter 26. The series com-
bination of the arc voltages of the vacuum interrupter 26
and gas filled switch 54 causes a rise in voltage drop
across the first switching assembly 12.

[0072] It will be appreciated that the second generator
power switching apparatus may be operated, for exam-
ple, as a generator circuit breaker for a power generator
rated at 100 MVA or less.

[0073] Athirdgenerator power switching apparatus ac-
cording to a third example not being part of the claimed
invention is shown in Figure 2. The third generator power
switching apparatus of Figure 2 is similar in structure and
operation to the first generator power switching appara-
tus of Figure 1a, and like features share the same refer-
ence numerals.

[0074] The third generator power switching apparatus
differs from the first generator power switching apparatus
in that, in the third generator power switching apparatus,
the current flow path is connected in parallel with the first
switching assembly 12, instead of just the voltage gen-
erator 28.

[0075] During normal operation of the connected AC
electrical circuit 22, the tubular bellows 38 is controlled
to move the first rod 40 to the first position to bring the
first and second contact electrodes 44,46 into contact.
Meanwhile the mechanical switch 52 is operated to close
the current flow path 14, and the semiconductor switching
devices of the voltage generator 28 are switched on. This
allows a current to flow between the second and first
terminals 24,20 of the connected AC electrical circuit 22
via the current flow path 14 while bypassing the vacuum
interrupter 26 and the voltage generator 28. An electrical
resistance of the mechanical switch 52 is rated so that
the current flow path 14 when closed permits at least part
of a current flowing between the first and second termi-
nals 10 of the third generator power switching apparatus
to flow through the current flow path 14 and thereby min-
imise a flow of current through the first switching assem-
bly 12 (i.e. through the vacuum interrupter 26 and the
voltage generator 28).

[0076] Closing the current flow path 14 to enable the
bulk of the current flowing between the first and second
terminals 10 of the third generator power switching ap-
paratus to bypass the vacuum interrupter 26 and the volt-
age generator 28 further reduces heat dissipation from
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the vacuum interrupter 26 and the semiconductor switch-
ing devices of the voltage generator 28 and thereby re-
duce thermal losses in the third generator power switch-
ing apparatus.

[0077] The current interruption process for the third
generator power switching apparatus is identical to the
current interruption process for the first generator power
switching apparatus, except that the current interruption
process for the third generator power switching appara-
tus is initiated by operation of the mechanical switch 52
to open the current flow path 14 and thereby cause cur-
rent to commutate from the current flow path 14 to the
first switching assembly 12. This ensures that all of the
current flowing between the first and second terminals
10 of the third generator power switching apparatus con-
tinues flowing through the first switching assembly 12
even when the current flow path 14 is opened.

[0078] Itis envisaged that, during normal operation of
the connected AC electrical circuit, the semiconductor
switching devices of the voltage generator 28 may be
switched off to inhibit a current flowing between the first
and second terminals 10 of the third generator power
switching apparatus from flowing through the voltage
generator 28 when the current flow path 14 is closed, so
as to further reduce thermal losses in the third generator
power switching apparatus.

[0079] It will be appreciated that the third generator
power switching apparatus may be operated, for exam-
ple, as a generator circuit breaker for a power generator
rated at 100 MVA or more.

[0080] A fourth generator power switching apparatus
according to an embodiment of the invention is shown in
Figure 3. The fourth generator power switching appara-
tus of Figure 3 is similar in structure and operation to the
third generator power switching apparatus of Figure 2,
and like features share the same reference numerals.
[0081] The fourth generator power switching appara-
tus differs from the third generator power switching ap-
paratus in that the fourth generator power switching ap-
paratus further includes a second switching assembly 62.
[0082] The second switching assembly 62 is connect-
edin parallel with the first switching assembly 12 between
the first and second terminals 10 of the fourth generator
power switching apparatus.

[0083] The second switching assembly 62 includes a
single bidirectional pulsed power switch 64. The pulsed
power switch 64 includes an anode 66 and a cathode 68.
It will be appreciated that the anode 66 and cathode 68
may be respectively connected to the first and second
terminals 10 or vice versa. The control unit 16 is config-
ured to selectively send a control signal 70 to switch the
pulsed power switch 64 to a closed state.

[0084] The pulsed power switch 64 is simple in design
with no moving parts, and can be designed to handle
bidirectional power flow. In addition, the pulsed power
switch 64 is capable of switching off power flow after a
predetermined period of conduction, and has rapid
switching capability, e.g. the period taken to switch from
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a closed state to an open state can vary in the range of
nanoseconds to a few milliseconds. The pulsed power
switch 64 can support a high voltage drop in its open
state, e.g. up to a few MV, can dissipate energy at a rate
of up to 109-1012 Joules per second, and is capable of
carrying out repetitive operation. This in turn renders the
pulsed power switch 64 compatible for use in the second
switching assembly 62 to aid current interruption in high
voltage applications.

[0085] The current interruption process for the fourth
generator power switching apparatus is identical to the
currentinterruption process for the third generator power
switching apparatus except that, in the current interrup-
tion process for the fourth generator power switching ap-
paratus:

¢ the pulsed power switch 64 remains in an open state.
This allows current to flow between the second and
first terminals 24,20 of the connected AC electrical
circuit 22 via the current flow path 14 while bypassing
the vacuum interrupter 26, the voltage generator 28,
and no current flows through the second switching
assembly 62;

e upon control of the voltage generator 28 to insert a
voltage (e.g. 1-5 kV) in series with the arc voltage of
the vacuum interrupter 26 so as to cause a rise in
voltage drop across the first switching assembly 12,
the control unit 16 sends the control signal 70 to the
pulsed power switch 64 to switch to its closed state.

[0086] At this stage switching the pulsed power switch
64 to switch to its closed state transfers a current from
the first switching assembly 12 to the second switching
assembly 62. This, together with the rise in voltage drop
across the first switching assembly 12, allows the current
in the vacuum interrupter 26 to drop rapidly to zero and
thereby allows full dielectric recovery of the vacuum in-
terrupter 26. This is followed by the pulsed power switch
64 being switched back to an open state to complete the
current interruption process. At this stage the isolator 18
can be opened.

[0087] The duration of the conduction of the pulsed
power switch 64 has to be longer than the time needed
for the vacuum interrupter 26 to achieve full dielectric
recovery, which is typically in the range of 10 ps.
[0088] The second switching assembly 62 therefore
provides additional control over the current interruption
process by enabling modification of the magnitude of cur-
rent flowing through the vacuum interrupter assembly
during the current interruption process. Furthermore the
second switching assembly 62 can be switched to modify
the magnitude of current flowing in the vacuum interrupt-
er 26 during the current interruption process to minimise
any adverse effects of high current densities on the con-
tact electrodes 44,46 to thereby improve the lifetime of
the vacuum interrupter assembly.

[0089] The parallel connection of the first and second
switching assemblies 12,14 in the fourth generator power
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switching apparatus therefore improves the current in-
terruption process. In addition, the parallel connection of
the first and second switching assemblies 12,14 in the
fourth generator power switching apparatus results in a
simple layout of the fourth generator power switching ap-
paratus, which in turn reduces the manufacturing and
installation costs of such an apparatus.

[0090] Optionally the voltage generator 28 may be con-
figured to inhibit a current flowing between the first and
second terminals 10 of the fourth generator power switch-
ing apparatus from flowing through the voltage generator
28 in the vacuum interrupter 26 upon formation of a pre-
defined magnitude of current in the vacuum interrupter
assembly. Configuring the voltage generator 28 in this
manner helps the vacuum interrupter 26 to interrupt the
current flowing between the first and second terminals
10 of the fourth generator power switching apparatus and
thereby further reduces the arcing time across the con-
tact electrodes 44,46 of the vacuum interrupter 26.
[0091] Furtheroptionally the voltage generator 28 may
be configured to create a voltage (e.g. 5-10 kV) that in-
creases a voltage drop across the first switching assem-
bly 12 to a sufficiently high level so that, when the pulsed
power switch 64 is switched to its closed state in order
to transfer the current from the first switching assembly
12 to the second switching assembly, the arc current in
the vacuum interrupter 26 is reduced to a current value
that is low enough to result in an unstable arc in the vac-
uum interrupter 26, thus leading to dielectric recovery of
the vacuum interrupter 26. This is followed by the pulsed
power switch 64 being switched back to an open state
to complete the currentinterruption process. Atthis stage
the isolator 18 can be opened. In this manner itis possible
to obtain a low arcing time across the contact electrodes
44,46 of the vacuum interrupter 26, and achieve success-
ful current interruption without requiring a current zero.
As such the fourth generator power switching apparatus
may be suitable for use with an AC electrical circuit car-
rying a current with a high DC component.

[0092] It will be appreciated that the fourth generator
power switching apparatus may be operated, for exam-
ple, as a generator circuit breaker for a power generator
rated at 100 MVA or more.

[0093] It is envisaged that, in other embodiments of
the invention, each of thefirst, second and third generator
power switching apparatus may include the second
switching assembly, whereby the second switching as-
sembly is connected in parallel with the first switching
assembly.

[0094] In other embodiments, it is envisaged that the
vacuum interrupter assembly may include a plurality of
series-connected and/or parallel-connected vacuum in-
terrupters.

[0095] Multiple vacuum interrupters may be connected
to define different configurations of the vacuum interrupt-
er assembly in order to improve its operating voltage and
current characteristics. For example, connecting multiple
vacuum interrupters in series increases the dielectric
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strength of the vacuum interrupter assembly and thereby
permits the use of the vacuum interrupter assembly at
higher operating voltages, while connecting multiple vac-
uum interrupters in parallel permits the vacuum interrupt-
er assembly to interrupt higher levels of current.

[0096] It is envisaged that, in other embodiments of
the invention, the second switching assembly may in-
clude a plurality of series-connected and/or parallel-con-
nected pulsed power switches.

[0097] As with the vacuum interrupter assembly, mul-
tiple pulsed power switches may be connected to define
different configurations of the second switching assem-
bly in order to vary its operating voltage and current char-
acteristics to match the power requirements of the asso-
ciated power application.

[0098] The generator power switching apparatus of
Figures 1a, 1b, 2 and 3 are compatible for use, but are
not limited to, applications such as AC power networks,
AC high voltage circuit breakers, AC generator circuit
breakers, transmission lines, railway traction, ships, su-
perconducting magnetic storage devices, high energy fu-
sion reactor experiments, stationary power applications,
renewable energy resources such as fuel cells and pho-
tovoltaic cells.

Claims

1. Agenerator power switching apparatus for switching
an AC current, the generator power switching appa-
ratus comprising
a first switching assembly (12) connected between
first and second terminals (10), each terminal (10)
being connectable to an electrical network (22), the
first switching assembly (12) including:

avacuum interrupter assembly including atleast
one vacuum interrupter (26);

an electrical device (28, 54) coupled with the
vacuum interrupter assembly; and

a control unit (16) configured to control the elec-
trical device (28, 54) to create a voltage that in-
creases a voltage drop across the first switching
assembly (12), characterised by a current flow
path (14) connected between the first and sec-
ond terminals (10), the current flow path (14)
including a mechanical switch (52) operable to
selectively open and close the current flow path
(14), the current flow path (14) when closed per-
mitting at least part of a current flowing between
the first and second terminals (10) to flow
through the current flow path (14) and thereby
bypass the electrical device (28, 54), the current
flow path (14) when opened inhibiting a current
flowing between the first and second terminals
(10) from flowing through the current flow path
(14); and
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a second switching assembly (62) connected in par-
allel with the first switching assembly (12) between
the first and second terminals (10), the second
switching assembly (62) including at least one
pulsed power switch (64), wherein the or each pulsed
power switch is configured to be operable to modify
acurrent flowing through the first switching assembly
(12).

A generator power switching apparatus according to
any preceding claim wherein the or each vacuum
interrupter (26) includes a pair of contact electrodes
(44, 46), the contact electrodes (44, 46) being con-
nectable to an AC electrical network (22).

A generator power switching apparatus according to
Claim 2 wherein at least one contact electrode (44)
is movable relative to the other contact electrode (46)
to open or close a gap between the contact elec-
trodes (44, 46).

A generator power switching apparatus according to
Claim 3 wherein the control unit (16) is configured
to control the electrical device (28, 54) to create a
voltage on or after formation of a gap between the
contact electrodes of the or each vacuum interrupter
(26).

A generator power switching apparatus according to
any preceding claim wherein an electrical resistance
of the mechanical switch (52) is rated so that the
current flow path (14) when closed permits at least
part of a current flowing between the first and second
terminals (10) to flow through the current flow path
(14) and thereby minimise a flow of current through
the electrical device (28, 54).

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is configured to inhibit a current flowing be-
tween the first and second terminals (10) from flow-
ing through the electrical device (28, 54) when the
current flow path (14) is closed.

A generator power switching apparatus according to
any preceding claim wherein the mechanical switch
(52) is configured to open the current flow path (14)
prior to operation of the vacuum interrupter assembly
to interrupt a current flowing between the first and
second terminals (10).

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is configured to inhibit a current flowing be-
tween the first and second terminals (10) from flow-
ing through the electrical device (28, 54) upon for-
mation of a predefined magnitude of current in the
vacuum interrupter assembly.
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9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is configured to create a voltage that is at
least one or two orders of magnitude higher than an
arc voltage generated by the vacuum interrupter as-
sembly.

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is configured to be controllable to create a
voltage in the range of 1-5 kV or in the range of 5-10
kV.

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is a voltage generator (28) or gasfilled switch
(54).

A generator power switching apparatus according to
Claim 11 wherein the voltage generator (28) includes
atleastone semiconductor switching device or a plu-
rality of series-connected semiconductor switching
devices.

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is connected in series with the vacuum in-
terrupter assembly.

A generator power switching apparatus according to
any preceding claim wherein the current flow path
(14) is further connected in parallel with the electrical
device (28, 54).

A generator power switching apparatus according to
any of Claims 1 to 13 wherein the current flow path
(14) is further connected in parallel with the first
switching assembly (12).

A generator power switching apparatus according to
any preceding claim wherein the vacuum interrupter
assembly includes a plurality of series-connected
and/or parallel-connected vacuum interrupters (26).

A generator power switching apparatus according to
any preceding Claim, wherein the second switching
assembly (62) includes a plurality of series-connect-
ed and/or parallel-connected pulsed power switches
(64).

A generator power switching apparatus according to
any preceding claim wherein the electrical device
(28, 54) is configured to create a voltage thatincreas-
es avoltage drop across the first switching assembly
(12) so as to reduce an arc current in the or each
vacuum interrupter (26) and thereby cause formation
of an unstable arc in the or each vacuum interrupter
(26).
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Patentanspriiche

1.

2,

3.

Generatorleistungs-Schalteinrichtung zum Schalten
eines Wechselstroms, wobei die Generatorleis-
tungs-Schalteinrichtung umfasst

eine erste Schaltbaugruppe (12), die zwischen ers-
ten und zweiten Anschliissen (10) angeschlossen
ist, wobei jeder Anschluss (10) an ein elektrisches
Netz (22) angeschlossen werden kann, wobei die
erste Schaltbaugruppe (12) einschlieft:

eine Vakuumunterbrecher-Baugruppe, die min-
destens einen Vakuumunterbrecher (26) ein-
schliel3t;

eine elektrische Vorrichtung (28, 54), die mitder
Vakuumunterbrecher-Baugruppe gekoppelt ist;
und

eine Steuereinheit (16), die dazu ausgebildet ist,
die elektrische Vorrichtung (28, 54) so zu steu-
ern, dass eine Spannung erzeugt wird, die einen
Spannungsabfall Uber der ersten Schaltbau-
gruppe (12) erhoht,

gekennzeichnet durch

einen Stromflusspfad (14), der zwischen dem
ersten und zweiten Anschluss (10) angeschlos-
sen ist, wobei der Stromflusspfad (14) einen me-
chanischen Schalter (52) einschliet, welcher
so betrieben werden kann, dass der Stromfluss-
pfad (14) selektiv gedffnet und geschlossen
wird, wobei der Stromflusspfad (14), wenn er
geschlossen ist, mindestens einem Teil eines
Stroms, der zwischen dem ersten und zweiten
Anschluss (10) flieRt, ermdglicht, durch den
Stromflusspfad (14) zu flieRen und dadurch die
elektrische Vorrichtung (28, 54) zu umgehen,
wobei der Stromflusspfad (14), wenn er gedffnet
ist, einen Strom, der zwischen dem ersten und
zweiten Anschluss (10) flieRt, daran hindert,
durch den Stromflusspfad (14) zu flieBen; und
eine zweite Schaltbaugruppe (62), die zwischen
dem ersten und zweiten Anschluss (10) zur ers-
ten Schaltbaugruppe (12) parallel geschaltet ist,
wobei die zweite Schaltbaugruppe (62) mindes-
tens einen getakteten Leistungsschalter (64)
einschlielt, wobei der oder jeder getaktete Leis-
tungsschalter dazu ausgebildet ist, so betrieben
werden zu kénnen, dass er einen Strom, wel-
cherdurch die erste Schaltbaugruppe (12) flief3t,
modifiziert.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei der oder jeder Va-
kuumunterbrecher (26) ein Paar Kontaktelektroden
(44, 46) einschlieBt, wobei die Kontaktelektroden
(44, 46) an ein elektrisches Wechselstromnetz (22)
angeschlossen werden kénnen.

Generatorleistungs-Schalteinrichtung nach An-
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1"

spruch 2, wobei mindestens eine Kontaktelektrode
(44) relativ zur anderen Kontaktelektrode (46) be-
wegt werden kann, um einen Spalt zwischen den
Kontaktelektroden (44, 46) zu 6ffnen oder zu schlie-
Ren.

Generatorleistungs-Schalteinrichtung nach An-
spruch 3, wobei die Steuereinheit (16) dazu ausge-
bildet ist, die elektrische Vorrichtung (28, 54) so zu
steuern, dass bei oder nach Bilden eines Spalts zwi-
schen den Kontaktelektroden des oder jedes Vaku-
umunterbrechers (26) eine Spannung erzeugt wird.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei ein elektrischer Wi-
derstand des mechanischen Schalters (52) so di-
mensioniert ist, dass der Stromflusspfad (14), wenn
er geschlossen ist, mindestens einem Teil eines
Stroms, der zwischen dem ersten und zweiten An-
schluss (10) flieRt, ermdglicht, durch den Stromfluss-
pfad (14) zu flieRen und dadurch einen Stromfluss
durch die elektrische Vorrichtung (28, 54) zu mini-
mieren.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) dazu ausgebildet ist, einen Strom,
der zwischen dem ersten und zweiten Anschluss
(10) flieRt, daran zu hindern, durch die elektrische
Vorrichtung (28, 54) zuflieRen, wenn der Stromfluss-
pfad (14) geschlossen ist.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei der mechanische
Schalter (52) dazu ausgebildet ist, den Stromfluss-
pfad (14) vor Betrieb der Vakuumunterbrecher-Bau-
gruppe zu 6ffnen, um einen Strom, der zwischen
dem ersten und zweiten Anschluss (10) flie3t, zu un-
terbrechen.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) dazu ausgebildet ist, einen Strom,
der zwischen dem ersten und zweiten Anschluss
(10) flieRt, bei Bildung einer vordefinierten Strom-
groRe in der Vakuumunterbrecher-Baugruppe daran
zu hindern, durch die elektrische Vorrichtung (28,
54) zu flieRen.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) dazu ausgebildet ist, eine Span-
nung zu erzeugen, die mindestens eine oder zwei
GroéRenordnungen hoéher ist als eine von der Vaku-
umunterbrecher-Baugruppe erzeugte Lichtbogen-
spannung.

10. Generatorleistungs-Schalteinrichtung nach einem



1.

12.

13.

14.

15.

16.

17.

18.

21 EP 2 947 675 B1 22

vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) dazu ausgebildet ist, so gesteuert
werden zu kénnen, dass eine Spannung im Bereich
von 1-5 kV oder im Bereich von 5-10 kV erzeugt wird.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) ein Spannungsgenerator (28) oder
ein gasgefiillter Schalter (54) ist.

Generatorleistungs-Schalteinrichtung nach An-
spruch 11, wobei der Spannungsgenerator (28) min-
destens eine Halbleiter-Schaltvorrichtung oder eine
Vielzahlvonin Reihe geschalteten Halbleiter-Schalt-
vorrichtungen einschlief3t.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) mit der Vakuumunterbrecher-Bau-
gruppe in Reihe geschaltet ist.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei der Stromflusspfad
(14) weiter zur elektrischen Vorrichtung (28, 54) pa-
rallel geschaltet ist.

Generatorleistungs-Schalteinrichtung nach einem
der Anspriiche 1 bis 13, wobei der Stromflusspfad
(14) weiter zur ersten Schaltbaugruppe (12) parallel
geschaltet ist.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die Vakuumunter-
brecher-Baugruppe eine Vielzahl von in Reihe ge-
schalteten und/oder parallel geschalteten Vaku-
umunterbrechern (26) einschlief3t.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die zweite Schalt-
baugruppe (62) eine Vielzahl von in Reihe geschal-
teten und/oder parallel geschalteten getakteten
Leistungsschaltern (64) einschlief3t.

Generatorleistungs-Schalteinrichtung nach einem
vorstehenden Anspruch, wobei die elektrische Vor-
richtung (28, 54) dazu ausgebildet ist, eine Span-
nung zu erzeugen, die einen Spannungsabfall Giber
der ersten Schaltbaugruppe (12) so erhdht, dass ei-
ne Lichtbogenspannung in dem oder jedem Vaku-
umunterbrecher (26) reduziert und dadurch die Bil-
dung eines instabilen Lichtbogens in dem oder je-
dem Vakuumunterbrecher (26) bewirkt wird.

Revendications

1.

Appareil de commutation de puissance de généra-
teur pour connecter un courant CA, l'appareil de

10

15

20

25

30

35

40

45

50

55

12

commutation de puissance de générateur compre-
nant

un premier ensemble de commutation (12) connecté
entre des premiere et seconde bornes (10), chaque
borne (10) pouvant étre connectée a un réseau élec-
trique (22), le premier ensemble de commutation
(12) incluant :

un ensemble d’interrupteur de vide incluant au
moins un interrupteur de vide (26) ;

un dispositif électrique (28, 54) couplé a I'en-
semble d’interrupteur de vide ; et

une unité de commande (16) configurée pour
commander le dispositif électrique (28, 54) afin
de créer une tension qui augmente une chute
de tension aux bornes du premier ensemble de
commutation (12),

caractérisé par

un trajet d’écoulement de courant (14) connecté
entre les premiere et seconde bornes (10), le
trajet d’écoulement de courant (14) incluant un
commutateur mécanique (52) qui est a méme
d’ouvrir et de fermer sélectivement le trajet
d’écoulement de courant (14), le trajet d’écou-
lement de courant (14), lorsqu’il est fermé, per-
mettant a au moins une partie d’'un courant
s’écoulant entre les premiére et seconde bornes
(10) de s’écouler atravers le trajet d’écoulement
de courant (14) et de dériver ainsi le dispositif
électrique (28, 54), le trajet d’écoulement de
courant (14), lorsqu'il est ouvert, empéchant un
courant s’écoulant entre les premiére et secon-
de bornes (10) de s’écouler a travers le trajet
d’écoulement de courant (14) ; et

un second ensemble de commutation (62) con-
necté en paralléle avec le premier ensemble de
commutation (12) entre les premiere et seconde
bornes (10), le second ensemble de commuta-
tion (62) incluant au moins un commutateur de
puissance pulsé (64), dans lequel le ou chaque
commutateur de puissance pulsé est configuré
pour étre améme de modifier un courants’écou-
lant a travers le premier ensemble de commu-
tation (12).

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le ou chaque interrupteur de
vide (26) inclutune paire d’électrodes de contact (44,
46), les électrodes de contact (44, 46) pouvant étre
connectées a un réseau électrique CA (22).

Appareil de commutation de puissance de généra-
teur selon la revendication 2, dans lequel au moins
une électrode de contact (44) est mobile par rapport
al'autre électrode de contact (46) pour ouvrir ou fer-
mer unintervalle entre les électrodes de contact (44,
46).
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Appareil de commutation de puissance de généra-
teur selon la revendication 3, dans lequel I'unité de
commande (16) est configurée pour commander le
dispositif électrique (28, 54) afin de créer une tension
lors de la formation d’un intervalle entre les électro-
des de contact du ou de chaque interrupteur de vide
(26) ou apres cette formation.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel une résistance électrique du
commutateur mécanique (52) est estimée de sorte
que le trajet d’écoulement de courant (14), lorsqu’il
est fermé, permette a au moins une partie d’'un cou-
rant s’écoulantentre les premiére et seconde bornes
(10) de s’écouler a travers le trajet d’écoulement de
courant (14) et de minimiser ainsi un écoulement de
courant a travers le dispositif électrique (28, 54).

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est configuré pour empécher un courant s’écoulant
entre les premiére et seconde bornes (10) de s’écou-
ler a travers le dispositif électrique (28, 54) lorsque
le trajet d’écoulement de courant (14) est fermeé.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le commutateur mécanique
(52) est configuré pour ouvrir le trajet d’écoulement
de courant (14) avant le fonctionnement de I'ensem-
ble d’interrupteur de vide pour interrompre un cou-
rant s’écoulantentre les premiére et seconde bornes
(10).

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est configuré pour empécher un courant s’écoulant
entre les premiére et seconde bornes (10) de s’écou-
ler a travers le dispositif électrique (28, 54) lors de
la formation d’'une grandeur de courant prédéfinie
dans I'ensemble d’interrupteur de vide.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est configuré pour créer une tension qui est au moins
d’un ou deux ordres de grandeur plus élevée qu’une
tension d’arc générée par I'ensemble d’interrupteur
de vide.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est configuré pour pouvoir étre commandé afin de
créer une tension dans la plage de 1 a 5 kV ou dans
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la plage de 5a 10 kV.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est un générateur de tension (28) ou un commuta-
teur rempli de gaz (54).

Appareil de commutation de puissance de généra-
teur selon la revendication 11, dans lequel le géné-
rateur de tension (28) inclut au moins un dispositif
de commutation a semi-conducteurs ou une pluralité
de dispositifs de commutation a semi-conducteurs
connectés en série.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est connecté en série avecl’ensemble d’interrupteur
de vide.

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le trajet d’écoulement de cou-
rant (14) est en outre connecté en paralléle avec le
dispositif électrique (28, 54).

Appareil de commutation de puissance de généra-
teur selon 'une quelconque des revendications 1 a
13, danslequelle trajetd’écoulementde courant(14)
est en outre connecté en paralléle avec le premier
ensemble de commutation (12).

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel 'ensemble d’interrupteur de
vide inclut une pluralité d’interrupteurs de vide con-
nectés en série et/ou connectés en paralléle (26).

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le second ensemble de com-
mutation (62) inclut une pluralité de commutateurs
de puissance pulsés connectés en série et/ou con-
nectés en paralléle (64).

Appareil de commutation de puissance de généra-
teur selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif électrique (28, 54)
est configuré pour créer une tension qui augmente
une chute de tension aux bornes du premier ensem-
ble de commutation (12) afin de réduire un courant
d’arc dans le ou chaque interrupteur de vide (26) et
provoquer ainsi la formation d’un arc instable dans
le ou chaque interrupteur de vide (26).
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