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(57) Abstract: A pole part (1) of a low-, medium- or high
voltage circuit breaker arrangement comprising a pole hous-
ing (3) for accommodating a vacuum interrupter (4) with a
pair of corresponding electrical contacts (5, 6), wherein a
fixed electrical contact (5) is connected to an upper electrical
terminal (9) and a movable electrical contact (6) is connec-
ted to a lower electrical terminal (7) and operated by a push-
rod (8), and a triggered -vacuum gap or -gas gap or the com-
bination of gas and vacuum gap connected in sereies unit (2)
is parallel connected to the electrical contacts (5, 6) in order
to avoid contacts welding, wherein the triggered vacuum gap
or gas gap unit (2) is removable mounted between the upper
electrical terminal (9) and the lower electrical terminal (7)
arranged adjacent to the pole housing (3). Furthermore there
is the possibility to trigger directly the vacuum interrupter
device to get a similar effect to protect the vacuum inter-
rupter device from inrush current load during the closing op-
eration especially during capacitive switching.



WO 2014/056598 A1 |IIIWAT 00N 000 A

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2014/056598 PCT/EP2013/003001

A pole part of a medium voltage circuit breaker arrangement comprising
a triggered gap unit

Field of the invention

The invention relates to a pole part of a low, medium or high voltage circuit breaker
arrangement comprising a pole housing for accommodating a vacuum interrupter with
a pair of corresponding electrical contacts, wherein a fixed electrical contact is
connected to an upper electrical terminal and a movable electrical contact is connected
to a lower electrical terminal at the pole housing and operated by a pushrod. An
encapsulated triggered gap unit (vacuum gap or pressurized gap unit) is parallel
connected to the electrical contacts in order to avoid contacts welding during capacitive
switching operation here to take the inrush current during the closing operation to avoid
“point welding of the contact system” under vacuum atmosphere.

Background of the invention

A circuit breaker arrangement with vacuum interrupter inserts accommodated in
respective pole parts is 'usually used in the low- medium- and high- voltage range up
72KV for load current switching and for occasional short circuit interruption. The current
interruption in a vacuum interrupter is realized by contacts separation. During contacts
separation an electrical arc burns between the electrical contacts of the vacuum
interrupter until the next current zero crossing. The arc extinguished at this moment
and the vacuum gap between the electrical contacts becomes insulating which
withstand the subsequently recovery voltage across the gap. Optimized contact
material compositions are used for high current switching, but they can hardly fulffill the
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requirements of capacitive switching, especially for the voltage range of 24kV, 36kV
and higher.

During the making operation while closing the electrical contacts there is a time period
of 1 to maximal 15ms just before they touch in which the electric field across them
becomes high enough to force and at least fire a breakdown. This will give rise to a so
called prestrike arc, which will form between the electrical contacts and will carry the
power circuit's current. When an arc is initiated between the electrical contacts as they
close, a high current will flow through a small contacts spot between the electrical
contact surfaces. As the arc persists until the final contact closing, the passage of high
current density causes a contact melting at the spot which yields in contacts welding.
This effect can be named as “point welding with prearcing under the vacuum

atmosphere of the vacuum interrupter”.

For conventional medium voltage applications for short circuit current interruption a
standard vacuum circuit breaker fulfills the entire requirements. However, for high
performance applications which combine capacitive switching and short circuit current

breaking capability, technical problems will arise as described above.

The WO 2003/107369 A1 discloses a technical solution for a fast and precise switching
which. The circuit breaker arrangement comprises a moveable switching contact which
is connected to a drive device embodies as bi-staple magnetic drive. A triggerable
vacuum gap is mounted parallel to the switching contacts. An instrument transformer is
serially connected to the triggered vacuum gap whereupon the secondary side thereof
is connected to the drive arrangement. The current flowing after the triggering of the
triggered vacuum gap in the latter and the parallel current path containing the
instrument transformer triggers a switch-on movement of the drive device. The
moveable switching contact moves into a closed position. The closed vacuum
interrupter receives the current fed to it via triggered vacuum gap unit. The moment of
closure of the interrupter insert is determined by the moment when the vacuum gap
unit is triggered.
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It is an object of the present invention to provide a pole part of a medium voltage circuit
breaker arrangement which is easily combinable with a standard hermetically sealed
triggered vacuum gap or gas-filled spark gap unit.

Brief description of the invention

According to the invention a triggered vacuum / or gas-filled gap unit is removable
mounted between the upper electrical terminal and the lower electrical terminal in a
manner that it is arranged adjacent to the pole housing. Furthermore the triggered
vacuum gap can be integrated directly inside the vacuum interrupter itself, here the
inrushcurrent will flow during the contacts are closing but the effect will be finished
before the contacts are closed. In case of this the vacuum interrupter is modified and

no additional part at the pole part is needed.

With other words the triggered vacuum / or gas-filled gap unit or the vacuum interrupter
themself according to the invention is in the both first cases an additional electrical
device which can be optionally combined with standard pole parts of a medium voltage
circuit breaker arrangement in order to provide a sufficient capacitive switching

performance.

A triggered vacuum gap unit (TVG) and triggered gas-filled spark gap (TSG) are high-
voltage devices for applications where a wide operating voltage range is desired,
especially from 300 V to 100kV or above. The low end of the operation voltage range is
independent from the static breakdown voltage (max. DC withstand voltage across the
main gap). These devices are commonly used in crowbar circuits for protection against
overvoltage conditions. By using a suitable TVG or TSG unit the switching time from
the trigger input to the start of main gap current flow decreases at a microsecond level.
To avoid the possibility of breakdown in both devices in case the TVG or the TSG will
be an additional part parallel to the vacuum interrupter the use of a double gap
arrangement will be an advantage. In double or multigap arrangement it will not occur a

breakdown in the device.
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According a preferred embodiment of the invention the triggering vacuum gap or spark
gap unit is provided with an upper electrical terminal adapter and a lower electrical
terminal adapter each comprising a first electrical plug for connecting to the
corresponding electrical terminals and a second electrical plug for connecting an

electrical conductor.

In order to achieve an adapter function it is recommended that the first electrical plug is
opposite arranged to the second electrical plug at the triggering vacuum gap or spark
gap (or multigap) unit, which provides a compact design for the triggering vacuum gap

unit.

Furthermore, the triggering vacuum gap or spark gap (or multigap) unit preferably
comprises a pair of electrical contacts which are arranged one to another in a fixed
spaced manner inside a vacuum or a gas-filled container. Since the electrical contacts
are kept always at a fixed distance there will be no contacts weld within the triggered
vacuum gap or spark gap (or multigap) unit. Only in case of the direct use of the
vacuum interrupter with the additional function as a triggered vacuum gap here the
contacts will touch after closing. The electrical contacts of the triggering vacuum gap or
spark gap unit are preferably made of erosion resistance material in case the contact
will be not touch.

Once the electrical contacts of the vacuum interrupter insert are closed with no-load or
with a very little current, the plasma arc across the electrical contacts of the triggered
vacuum gap or spark gap( or multigap) unit will switch off and a contacts welding at the
electrical contacts of the vacuum interrupter insert-is avoided. As a consequence the
tips formation at the electrical contacts surface is reduced or suppressed after opening
of the contact by breaking the slight weld caused by the closing operation under inrush
currend load. Switching the capacitive current with the vacuum interrupter insert can be
further improved by eliminating or substantially minimizing the restrikes and other
breakdowns.

Further technical improvements can be achieved by using inline connection of a
resistor and/or inductance and/or NTC-type power thermistor to limit the inrush current
which extends the lifetime of the triggered vacuum gap or spark gap unit. These
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electrical elements are preferably arranged between one of the pair of electrical
contacts of the triggered vacuum or spark gap (or muitigap) unit and one of both
electrical terminal adapters.

The triggering of the triggered vacuum gap or spark gap unit can be simply carried out
from the beginning of trip signal of the vacuum circuit breaker arrangement itself. The
trigger signal is preferably delayed from the trip signal of the vacuum circuit breaker
arrangement because because the own time of the vacuum circuit breaker
arrangement will be in the range of 30ms and the inrush current flow will be in the
range of 5ms and maximal up to 15ms. The triggering of the multigap arrangement has
to be made in each compartment. The trigger signal can be inserted in the device or
the gap by an electrical impulse or by a laser triggering of the electrically loaded gap of
the device.

Brief description of the drawings

The foregoing and other aspects of the invention will become apparent following the
detailed description of the invention, when considering in conjunction with the enclosed

drawings.

Figure 1 shows a schematical side view of a pole part of a medium voltage circuit
breaker arrangement, and

Figure 2 shows an inrush current-time-diagram of the circuit breaker arrangement

while closing operation.

Detailed description of the drawings

According to Figure 1 a medium voltage circuit breaker arrangement generally consists
of a pole part 1 and triggered vacuum gap or spark gap (or multigap) unit 2. There can
be the multigap arrangement made by a serial connection of vacuum and gas gap or
as described above as a vacuum or a gas multigap arrangement. The triggered
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vacuum gap and/or spark gap (multigap) unit 2 is adjacent arranged to the pole part 1
as an accessory device.

The pole part 1 comprises a pole housing 3 made of an epoxy or a thermoplastics
material for accommodating a vacuum interrupter 4. The vacuum interrupter insert 4
contains a pair of corresponding electrical contacts 5 and 6. The fixed electrical contact
5 is connected to an upper electrical terminal 9 molded in the pole housing 3. The
opposite moveable electrical contact 6 is connected to a lower electrical terminal 7 of
the pole housing 3 and it is operated by a pushrod 8 for interrupting the current flow
through the vacuum interrupter 4.

The triggered vacuum gap or spark gap or the combined gas and vacuum gap (or the
single multi vacuum or gas gap) unit 2 is electrically parallel connected to the electrical
contacts 5 and 6 of the vacuum interrupter 4 in order to avoid contacts welding while
closing and at closing position in capacitive switching operation (here the typical
capacitive load as specified in IEC 62271-100).

In order to removable connect the triggered vacuum gap or spark gap or the combined
gas and vacuum gap (or the single multi vacuum or gas gap) unit 2 onto the pole part 1
of the medium voltage circuit breaker arrangement, the triggered vacuum gap or spark
gap or the combined gas and vacuum gap (or the single multi vacuum or gas gap) unit
2 is provided with an upper electrical terminal adapter 10 and a lower electrical terminal
adapter 11, each comprising a first electrical plug 12a and 12b respectively for
connecting to the corresponding electrical terminal 7 and 9 respectively. A second
electrical plug 13a and 13b respectively is provided for connecting the triggered
vacuum gap or spark gap or the combined gas and vacuum gap (or the single multi
vacuum or gas gap) unit 2 to an electrical conductor 14. The first electrical plug 12a;
12b is opposite arranged to the second electrical plug 13a; 13b at the triggered vacuum
gap or spark gap or the combined gas and vacuum gap (or the single multi vacuum or
gas gap) unit 2.

The triggered vacuum gap or spark gap or the combined gas and vacuum gap (or the

single multi vacuum or gas gap) unit 2 comprises a pair of electrical contacts 15 and 16
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which are arranged in a fixed spaced manner one to another inside a further vacuum or
gas-filled container 17 or the combination of vacuum and gas in series arrangement.
The pair of electrical contacts 15 and 16 is connected to the upper electrical terminal
adapter 10 and the lower electrical terminal adapter 11 respectively. An additional
resistor 18 as well and/or as an inductor and/or NTC 19 are arranged between the
electrical contact 16 and the lower electrical terminal adapter 11 of the triggered
vacuum gap or spark gap or the combined gas and vacuum gap (or the single multi
vacuum or gas gap) unit 2. The triggered vacuum gap or spark gap or the combined
gas and vacuum gap (or the single multi vacuum or gas gap) unit 2 is automatically

activated by a trip signal of the vacuum interrupter 4 of the pole part 1.

According to Figure 2 the inrush current of the medium voltage circuit breaker
arrangement decreases rapidly and reaches the nominal current level after 3 or few

milliseconds.
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Claims

1. A pole part (1) of a medium voltage circuit breaker arrangement comprising a
pole housing (3) for accommodating a vacuum interrupter insert (4) with a pair of
corresponding electrical contacts (5, 6), wherein a fixed electrical contact (5) is
connected to an upper electrical terminal (9) and a movable electrical contact (6) is
connected to a lower electrical terminal (7) and operated by a pushrod (8), and a
triggered gap unit (2) is parallel connected to the electrical contacts (5, 6) in order to
avoid contacts welding in capacitive switching operation,

characterized in that the triggered gap or multigap unit (2) is removable mounted
between the upper electrical terminal (9) and the lower electrical terminal (7) arranged
adjacent to the pole housing (3).

2. A pole part (1) of a medium voltage circuit breaker arrangement comprising a
pole housing (3) for accommodating a vacuum interrupter insert (4) with a pair of
corresponding electrical contacts (5, 6), wherein a fixed electrical contact (5) is
connected to an upper electrical terminal (9) and a movable electrical contact (6) is
connected to a lower electrical terminal (7) and operated by a pushrod (8), and a
triggered vacuum gap unit (2) is inserted at the vacuum interrupter to the electrical
contacts (5, 6) in order to avoid contacts welding in capacitive switching operation,
characterized in that the triggered vacuum gap or muitigap unit (2).

3. A pole part (1) according to Claim 1 and 2,

characterized in that the triggering gap unit (2) is provided with an upper electrical
terminal adapter (10) and a lower electrical terminal adapter (11) each comprising a
first electrical plug (12a; 12b) for connecting to the corresponding electrical terminal (7;
9) and a second electrical plug (13; 13b) for connecting an electrical conductor (14).

4, A pole part (1) according to Claim 2,

characterized in that the first electrical plug (12a; 12b) is opposite arranged to the
second electrical plug (13a; 13b) at the triggering gap unit (2).

-10 -



10

15

20

25

30

WO 2014/056598 PCT/EP2013/003001

-10 -

5. A pole part (1) according to Claim 1,

characterized in that the triggering gap unit (2) comprises a pair of electrical contacts
(15; 16) which are arranged one to another in a fixed spaced manner inside a vacuum
device (17).

6. A pole part (1) according to Claim 1,
characterized in that the triggering gap unit (2) comprises a pair of electrical contacts
(15; 16) which are arranged one to another in a fixed spaced manner inside a gas-filled

container (17).

7. A pole part (1) according to Claim 4 and 5,
characterized in that the pair of electrical contacts (15; 16) is connected to the upper
electrical terminal adapter (10) and to the lower electrical terminal adapter (11)

respectively.

8. A pole part (1) according to Claim 4 and 5,
characterized in that a resistor (18) is arranged between one of the pair of electrical
contacts (5; 6) and one of both electrical terminal adapter (11).

9. A pole part (1) according to Claim 4 and 5,
characterized in that an inductor (19) is arranged between one of the pair of electrical
contacts (15; 16) and one of both electrical terminal adapter (11).

10. A pole part (1) according to Claim 4 and 5,
characterized in that an NTC-type resistor (18) is arranged between one of the pair of
electrical contacts (15; 16) and one of both electrical terminal adapter (11).

11. A pole part (1) according to Claim 1,

characterized in that the triggered gap unit (2) is automatically activated by a trigger
pulse generator derived from the trip signal of the vacuum interrupter insert (4).

11 -
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12. A pole part (1) according to Claim 1 and 10,
characterized in that the triggered gap unit (2) is automatically activated by a trip
signal relatively delayed from the trip signal of the vacuum interrupter (4).

13. A pole part (1) according to Claim 1, 4 and 5,
characterized in that the triggered gap unit (2) is laser-triggered after the trip signal of

the vacuum interrupter insert (4) in order to achieve Bi-directional triggering.

14. A pole part (1) according to Claim 1, 4 and 5,

characterized in that the triggered gap unit (2) consists in two triggering gaps anti-
parallely connected and tripped simultaneously after the trip signal of the vacuum
interrupter insert (4) in order to achieve Bi-directional triggering.

15. A pole part (1) according to Claim 1, 4 and 5,

characterized in that the triggered gap unit (2) has a middle electrode connected to
trigger pulse generator and tripped after the trip signal of the vacuum interrupter (4) in
order to achieve Bi-directional triggering.

16. A pole part (1) according to Claims above,
characterized in that the triggered gap unit (2) is arranged as a multigap arrangement

as a vacuum gap or a gas gap or a combination of vacuum and gas.

17. A pole part (1) according to Claims above,
characterized in that the triggered gap unit (2) is integrated directly in the vacuum

interrupter themself.

18. A pole part (1) according to Claims above,
characterized in that the triggered gap unit (2) has a combination of resistor and NTC,
NTC and inductor, resistor and inductor in series arrangement with the triggered gap

unit.

-12-
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