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Abstract

The invention relates to a switching device (1, 1a) comprising a first conventional
switching point (2, 2a) and a second conventional switching point (3, 3a) which are
electrically connected in series via a non-conventional switching point (4, 4a).
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Description

t)

Switching device and switch-off method for operating a

switching device

The invention relates to a switchiling device comprising a first
conventional switching point, a second conventional switching

point and a non-conventional switchiling polnt.

—

A switching device of this sort is known, for example, from

I

patent application DE 10 2011 005 905 Al. A switching device 1s
described there which comprises a gas-insulated power swltch

and a vacuum power switch as conventional switchlng points. A

device for generating an opposing current, comprising a

thyristor, 1s connected electrically 1n parallel with the

gr—

vacuum power switch. The structure of the device for generating

an opposing current 1s that of a non-conventional switching

polnt.
The known switching device 1s 1n particular suitable for
switching direct currents. In order to switch a direct current

gr—
p+—

off, an opposing current 1s impressed onto the direct current

g

that is to be interrupted by means of the device for generating

an opposing current, 1n order to interrupt 1t.

Expensive components such as thyristors, IGBTs or power

transistors must be used for the non-conventional switching

point when the known switching device 1s used, 1n particular 1in

pr—.
p—

the high and very high voltage ranges, 1.e. at voltages ot

several thousand volts and at currents to be 1interrupted of

several kiloamperes. The design of these non-conventional

switching points is such that they must be dimensiconed both in

terms of their voltage loading capacity as well as of their

current loading capacity, appropriately for the current that 1is
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to be interrupted and for the driving electrical voltage. This

necessitates expensive non-conventional switching polnts, so

that a not inconsiderable portion of the costs of the switchilng

device is determined by the non-conventional switching point.

fr—

It is accordingly the object of the 1invention to provide a

P‘

switching device of the type mentioned above that promises a

reduction 1n costs with high operational reliabilility.

According to this object, the 1invention 1s achieved Dby a

p—

switching device of the type mentioned above 1n that the first

conventional switching point, the second conventional swilitching
point and the non-conventional switching polnt together

constitute a serilies circuilt.

Conventional switching points are switching points which, 1n
order to establish an electrically conductive current path,
bring switching contact pieces that are movable with respect to
one another into electrical contact and which, conversely,

pr——

during an interruption of a current path, remove switching

contact pileces that are movable with respect to one another

away from each other in order to allow an electrically

insulating medium to enter Dbetween the switching contact

pieces. In contrast to this, non-conventional switching poilnts

refers to a construction in which the i1mpedance properties of

the switching point are varied independently of a mechanical

— pr—

movement. Independently of the switching state of the switching

point, a physical connection remains between the potentials

that are to be isolated. Only the impedance of the switchlng

point 1s made to change. The switching polnt can, for example,

fo—

be formed of a semiconductor which, when reqguired, can be

placed 1into an electrically conductive state or 1into an

electrically insulating state. Since, when semiconducting

F—

components are used, a through-connection or i1nterruption of a
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p—

current path 1s effected by a semiconductor 1itself, these are

1)

also referred to as power semiconductors. Non-conventional

switching points are, for example, power electronics units. A

power electronics unit can, in addition to the actual switching

point, also comprise further components which are used €tO

control the impedance of the switching point. As non-

conventional switching points, thyristors, GTOs, IGCTs, IGBTs

or general power transistors etc. can, for example, be usea. In

some cases, the non-conventional switching point can also

o~

include a plurality of semiconductor elements and, where

appropriate, it can have a modular structure.

o~

In a series circuit, a group of switching polnts constitutes an

electrically conductive path that extends from a point A to a

point B, wherein the switching points are each connected

pr—

electrically one after another. The series circuit of switching

—
anad

points 1s part of a switching segment of the electrical

switching device. This provides the possibilility that a voltage

to be maintained between the points A and B which must Dbe

N
e

handled during a switch-off process 1s distributed over a

p—

plurality of switching points. In an 1ideal case a voltage

distribution develops over the switching points such that

f*

approximately the same voltage drop occurs across each of the

v

switching points, and thus each of the switching polints only

g

needs to be dimensioned for a fraction of the total voltage to

be handled. For this purpose the switching device can comprise

appropriate control means such as, for example, control

resistors, 1in order to achieve the most wuniform possible

voltage distribution. When a first and a second switching

point, both conventional, and a non-conventional swltching

point are used, it can for example occur that approximately one

third of the electrical voltage to be handled by the switching

P. -

segment of the switching device 1s dropped across each of the

switching points. If necessary 1t can, however, also De
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—
p—

provided that a dif

ferent voltage distribution, depending on

the dimensioning of the individual switching points, 1S

gr—

intended, so that, for example, one of the switching points 1s

loaded to a higher degree, whereby another swltching point 1s

relieved. In order to reduce the 1lcading of the switching

points it 1s, for example, furthermore possible to 1ncrease the

—

number of the conventional switching points, but 1t 1s also

possible to increase the number of the non-conventional

switching points.

A further advantageous implementation can provide that the non-

conventional switching point is located 1in the series circuit

between the first conventional switching point and the second

conventional switching point.

ﬁ

An arrangement of the non-conventional switching point between

a first and a second conventional switching polnt permits or

supports an even distribution of the total voltage over the

. ——

individual switching points. During switch-off processes 1n

particular, the non-conventional switching point can Dbe

protected from overloads by conventional switching polnts
located in front of and behind 1it. It 1s thus, for example,
possible that an ignition of a switch-off arc 1s desired 1in the

o

conventional switching points in the course of an interruption

P —
p—

of a current, whereby, due to the arc voltage that develops and

the increasing total impedance 1n the series circuit of the

switching device, a loading at the non-conventional switching

pp— R

point 1s reduced. An ignition of a swiltch-off arc 1s thus

advantageous at least in one, 1n particular 1in the majority or

in all, of the conventional switching points, 1n order to

increase the 1impedance of the switching segment of the

grbe— v

switching device during a switch-off process, and to support an

interruption of the electrical current flowing through the

pr— -
N

swiltch—-of:

arc or arcs. Through this it 1s possible to reduce
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ﬁ

the dimensions of the non-conventional switching point, so that

this only needs to interrupt a direct current that has already
been reduced by the arcs. An economical non-conventlonal

switching point accordingly results, whereby the total cost

situation for the switching device 1s improved.

A further advantageous embodiment can provide that a plurality

o

of conventional switching points are connected in series, and

-

the non-conventional switching point divides the plurality of

conventional switching points into approximately equal groups

gr—

of conventicnal switching points.

A plurality of conventional switching points comprises at least

a first and a second non-conventional switching point. Through

an arrangement of the non-conventional switching point between

the two conventional switching points, a division of the

conventional switching points is made into a first and a second

group. A grouping of the conventional switching points of this

p—
pr—

fectiveness of the non-conventionadl

0

type supports the e

pp—

switching point. In particular, 1if the number of conventional

switching points 1s increased to more than two switching

points, the total voltage can be appropriately distributed over

pp—

the switching points of the switching device, and the voltage

stress on the individual switching point reduced. The non-

conventlional switching point 1is protected from a voltage

=

overload by a voltage distribution over a plurallity of

conventional switching points. Advantageously, the groups

should exhibit similar impedances, so that a symmetrical

voltage distribution results between the groups. If the number

'-

of conventional switching points 1s increased, for example, to

ten or more conventional switching poilnts, the voltage stress

p—

on each of the individual switching points 1s reduced, whereby

the voltage distribution over the non-conventional switching

point 1s also reduced. A division 1nto correspondlng groups
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helps to compensate for asymmetries 1n the voltage

distribution, and so to avoid an overload of the individual

switching points. In total, an equal voltage stress on each of

grem  guVa
—

the groups should advantageously be present when switching off.

*

A symmetrical voltage distribution of this sort can

g—
s

additionally be supported by a control of the voltage

distribution, for example by control resistors.

The number of the conventional switching points should

g
-

preferably be an even number, 1n which the same number of

conventional switching points are arranged 1in each of the

groups. 1t can, however, also be provided that, depending on

the implementation of the conventional switching points,

—
—

different numbers of conventional switching ©points are

contained 1in the groups, so that for example the voltage

distribution over the switching points can be controlled 1n an

improved manner, in particular that an even distribution of the

voltage stress 1is achieved over all switching points.

A further advantageous embodiment can provide that at least one

of the conventional switching points comprises a vacuum

switching chamber.

A vacuum switching chamber encloses an evacuated space 1n

which, for example, switching contact pileces that are movable

with respect to one another are arranged. The 1ndividual

switching contact pieces are drawn away from each other durilng

e W it
— p—

a switch-off process, while a switch-of:

arc can pe 1gnited

between the switching contact pilieces 1nside the evacuated

space. Advantageously, the conventional switching points should

f—

have the same type o©of construction, so that an even

distribution of the voltages to be handled can develop over the

individual switching points.
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gr—

It can, for example, be provided that at a rated voltage of 350

g

000 V, two groups each of ten conventional switching points are

used, in which a first group of ten conventional switching

F

points is connected in series in front of a non-conventional

switching point, and a second group of ten conventional
switching points 1s connected 1n serles Dbehind a non-

conventional switching polnt. With an 1deal voltage

distribution, a rated voltage of, for example, 17 500 V would
result at each switching point. Under real conditions, a

voltage imbalance must be assumed, so that the conventional

at

Fo

switching points should be designed for a rated voltage O:

least 20 000 Vv, for example. Comparatively short contact

strokes are reqguired 1n the evacuated space of a vacuum

switching chamber for these 20 000 V, so that, in combination

F

with comparatively fast drives, a fast switching of an
electrical current by the switching device can also be
achieved. Here, the non-conventional switching point 1s also

designed for 20 000 V due to the series circult and arrangement

between the two groups of conventional switching points. As can

p—

be seen from this example, the series circuit of several

r—
p—

conventional switching points, in particular in front of and

behind a non-conventional switching point, creates the

ph—

possibility of using power semiconductors wilth reduced rated

voltages.

r’—
e

A further object of the invention 1is to provide a switch-off

y—

method for the operation of a switching device, wherein the

switching device comprises a first conventional switching point
and a second conventional switching point as well as a non-
conventional switching point, wherein the two conventional
switching points and the non-conventional switching point are
connected in a series circuit. According to the object, this 1is

g~
P

achieved with a switch-off method of the type mentioned above,

in that the conventional switching polints are switched off



PCT/EP2014/075028
2013P24249WOUS

-
.

switched off.

A

t

fv
P
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first, after which the non-conventional switching point

The switch-off method 1S 1n particular

interrupting direct currents that are driven

Before the switch-o:

[ £
——

and non-conventional

off 1s 1n the swltched-on state,

of low 1mpedance.

—

interruption of the

made, wherein the

In

conventional

method starts, all of

1S

sultable for

by a DC voltage.

the conventional

switching polnts are 1n a connected-

-

through state, i1.e. the switching device that 1s to be switched

and comprises a current path

order to 1nitiate switching off, an

switching points 1s first

non-conventional swltching polnt 1S

maintained in 1ts ON state. Consequently, 1n particular at an

P-

interruption of a direct current, a switch-o:

between the respective

one, but preferably

r‘
—
s

in all, of the conventional

pr——

polnts as a consequence of a separation O

Preferably this can occur

space. A finite time

switching contact pieces,

another, of the conventional switching points.

o

course of a switch-o:

—
p—

y—

-

positions of the switching contact pieces,

wlth respect to one

points, the dielectric strength of the 1ndividual

points, 1n particular in total,

achieve an adequate

1s requlired for the movement

process, 1.e. before reaching the

ﬁ

another, of the conventional

P b

dielectric strength (o

segment) at the switching device against, for

Kknown as a returning voltage.

p—

which, as a result of

similar processes, develops

grid 1mpedances,

can already be su:

F

f the contacts

——

’-

g

f arc 1s 1gnited
switching contact pleces at least 1n
switching
1n each case within an evacuated
of the
that are movable with respect to one
Already 1n the
final
that are movable

swltching

switching
ficient to

f the switching

example, what 1s

g

A returning voltage 1s a voltage

oscillation processes or

during a switch-off process over

the switching segment of the switching device and, 1n some

cases, can reach a greater magnitude than the rated voltage o:

the switching device.

In the time following the switching of:

g
-

h—

'
pr—
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'-

of the conventicnal switching points, a switching-off impulse

for the non-conventional switchling points occurs. The non-
conventional switching point 1s blocked, so that the non-

conventional switching point 1nterrupts the current that 1s to

be i1nterrupted, and thus extinguishes the switch-off arcs

burning 1in the individual conventional switching points. With

ﬁ-
—

the Dblocking of the non-conventional swilitching poilnt, the

returning voltage across the non-conventional switching point

fp—

rises as a conseqguence of the interrupted electrical current.

In order to prevent the electrical current from reigniting, the

non-conventional switching polint performs the voltage

malntenance at the switching device until the non-conventional

switching polnts exhibit an adequate dielectric strength after

the switch-off arcs have extinguished, 1n order to ensure a

potential i1solation at the switching device.

After the switch-off arcs have extinguished, the dielectric
strength o©of the conventlonal switching points rises. The non-
conventional switching point thus only needs to handle the
potential isolation at the electrical switching device during

gor—

an initial interval of the rise of the returning voltage. After

a short recombination time of the conventional switching poilnts

that are already open, and after the arcs there which have just

extinguished, the returning voltage 1s distributed over the

series clrcuit of conventional switching points and non-

—

conventional switching point. It 1s advantageous to this

—
—

switch~ocff method that the non-conventional switching poilnt

only has to handle the returning voltage alone during the

recombination time of the conventional switching segment.

During this time, the returning voltage 1ncreases. The voltage

stress that develops here should be significantly smaller than

r-ﬁ

the respective rated voltage of the non-conventional switching

point. Building on the abovementioned exemplary embodiment, it

ﬁ

can be assumed that the rated voltage of the non-conventional




CA 02931937 2016-0b-27

PCT/EP2014/075028
2013P24249WOUS

—

10 -

switching point of 20 000 V will not be exceeded, since, when

the returning voltage reaches the magnitude of the rated

voltage of the non-conventional switching point, the

conventional switching points

voltage malntenance.

have already taken over the

A further advantageous embodiment can provide that an arc 1s

ignited in at least one of the conventional switching points

when the conventional switching points are switched off.

pr—

sl o

If an arc 1is drawn 1in a conventional switching point, the

pr—

impedance of the whole switching segment of the switching

device 1s already 1increased.

What is known as an arc voltage

develops across the conventional switching point. As a result,

switching off the current

supported by the non-conventional switching point.

A further advantageous embodiment can provide that a potentia.

flowing (through the arc) 1s

isolation is maintained by the non-conventional switching point

until the conventional switching points have settled.

yo—
s

As a result of the burning arc and  the assoclated

contamination, the conventional switching points require a

finite time for an insulating segment between the swiltching

contact pieces to become properly established. As a result, the

r—-

dielectric strength between the switching contact pleces of the

conventional switching points is improved within this period oL

-

-ime. The settling of the conventional switching points can

here take place for example within fractions of a second.

p—

During these fractions of

a second, the non-conventional

switching point is provided to handle the dielectric strength

of the switching device, 1n

particular during a rise 1n a

pr—

returning voltage, and to prevent reignition oI an arc Or a

—

—r.

renewed

flow of an electrical current.
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_11_._

A further advantageous embodiment can provide that an arc

burning 1in a conventional switching polnt 1s extingulished by

the non-conventional switching point.

During a switching process, in particular a swiltch-off process,

P-'

the switching segment of the switching device 1s already

prepared for a final interruption of the current at the

rﬁ'

switching device by the burning of an arc 1n a conventional

pr—— ——

switching point. The impedance of the switching segment of the

switching device is already increased by the burning arc, 1its

impedance not yet being so great that a complete interruptilion

r—
p—

of an electrical current results. A complete interruption of

gr—

the electrical current 1is effected by blocking the non-

conventional switching segment, so that an arc burning 1n the

conventional switching point is also extinguilshed.

It can advantageously also be provided that the conventional

g

switching po1lnts recelive a swltch-off impulse almost

simultaneously.

An almost simultaneous triggering of the conventional switchilng

y——

points results in an approximately synchronous movement of the

switching contact pieces that are movable with respect to one
another. Accordingly, an arc 1s 1gnited advantageously almost
simultaneously 1in all the <conventional switching points,
whereby an approximately simultaneous increase 1n the 1mpedance

— .

of the switching segment of the switching device 1s achieved.

Fach arc 1s driven by a corresponding arc voltage, wherein the

pr—

impedance of the burning arc can be estimated as being greater

than the impedance of the conventional switching points 1in the

swlitched-on state.
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_12_.

An exemplary embodiment of the invention is shown schematically

in a drawing below, and described 1in more detail 1n what

y .

follows. Here:

g—
p—

Figure 1: shows a circult comprising a plurality of

conventional switching polnts and a Non-—

conventional switching point,

Figure 2: shows an apparatus with a first conventional
switching point, a second conventional swiltching

point and a non-conventional switching point, and

Figure 3: shows a diagram.

The circuit diagram of Figure 1 shows a switching device 1 that

acts to interrupt a current path between a point A and a point

B. The electrical switching device 1 is preferably designed for

switching a direct current that 1is driven by a DC voltage. The

clectrical switching device 1 comprises a first conventional

switching point 2 as well as a second conventional switching

point 3. The switching device 1 further comprises a non-
conventional switching point 4. The non-conventional switching
point 4 1is arranged electrically 1in series Dbetween the first

conventional switching point 2 and the second conventional

switching point 3. In the present example, n first conventional

switching points 2 and n second conventional switching points 3

are provided. Ten first conventional switching points 2 and ten

second conventional switching points 3 can be provided, for

example. The first conventional switching points 2 are all

connected electrically 1in series, the first conventional

p

switching points 2 that lie on one side of the non-conventional

switching point 4 constituting a first group 5 of conventilonal

switching points 2. The second conventional switching points 3

f..‘

constitute a second group 6 of conventional switching points 3.
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_13.._

The respective first or second conventional switching points Z,

—

3 are connected in series within each of the two groups 5, 6.

-

Since the first and second groups b5, 6 o0f conventional

switching points 2, 3 are connected 1in serilies with the non-

—

f

conventional swltching polnt 4, a serles circult O
conventional switching points 2, 3 together with a non-

conventional switching point 4 connected between them results.

The non-conventional switching point 4 in this case can, for
its part, also have a modular structure, and comprise, for

example, a power semiconductor. The non-conventional switching

point 4 can, for example, comprise thyristors, IGBTs, power

transistors and so forth based on semiconductors.

Figure 2 shows a switching device 1la that comprises a non-

conventional switching point 4a, a first conventional switching

point 2a and a second conventional switching point 3a. In the
present case, the two conventional switching polints Za, 3a are
formed as vacuum switching tubes, each comprising a locally
fixed switching contact piece 7 and a movable switching contact

piece 8 that 1s mounted such that 1t can move relative to the

locally fixed switching contact piece 7. The vacuum switching

tubes each comprise a tube body 9 that is impermeable to fluids
and whose 1nterior 1s evacuated. The respective movable

switching contact piece 8 protrudes through the respectlive tube

body 9 impermeably to fluids, and can move relative to the tube

body 9 and to the respective locally fixed switching contact
piece 7. A drive device 10 which can couple a movement to the

movable contact pilece 8 is connected to each respective movable

switching contact piece 8. The two locally fixed contact pleces

ﬁ

7 of the two conventional switching points 2Za, 3a are for their

e

part each connected to one connection of the non-conventional

switching point 4a. A tap from contacting points A, B of the

switching device la is provided at the movable contact pieces 8

through a sliding contact arrangement. In the exemplary
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- 14 =

'- F
—

embodiment of Figure 2, the use of precisely one first

conventional switching point Z2a and precisely one second

p—
pr—

conventional switching polnt 3a 1s provided. The arrangement oOf

a non-conventional switching point 4a 1s provided between the

two conventional switching points Z2a, 3a. Further first or

further second conventional switching points Z&, 3a can

furthermore also Dbe provided; these may have the same

B

ferent

construction, but may however also have di:

constructions.

f——

Figure 3 shows a diagram in which a graph 11 shows the curve of

— e~
Py

a direct current to be switched off against time. A graph 12

symbolizes the dielectric strength of the conventional

switching points 2a, 3a. A graph 13 shows schematically the

curve of the returning voltage after interruption of the direct

P-v

current. A graph 14 shows the curve of the dilelectric strength

pr——

of the non-conventional switching poilnt 4a.

F—-P—v

A switch-off signal has already been sent to the conventional

switching points 2a, 3a at time tg. The conventional switching

points 2a, 3a are already open. The direct current that 1s to

be interrupted at first continues to flow. Since the direct

current 1s located 1in the series circuit of the switching
device 1la, arcs are ignited 1in the conventlonal switching
points 2a, 3a. The non-conventional switching point 4a 1s at

this stage still 1in 1its swltched-on state, 1.e. the non-

conventional switching point 4a exhibits a low 1mpedance

e

behavior. Due to the burning of the arcs 1n the conventional

fp—

switching points 2a, 3a, the 1mpedance of the switching device

la initially increases 1n comparilison with 1ts switched-on

state. After the conventional switching points Za, 3a have

opened, the non-conventional switching point 4a 1s also

rv-

blocked, and the impedance of the non-conventional switching

point rises. The direct current (graph 11) that 1s to be
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interrupted 1s pushed down towards zero, and 1s 1nterrupted by

the non-conventional switching point 4a (time t;). With the

p— y—

interruption of the direct current, all the arcs 1n all of the

conventional switching points Za, 3a are also extlingulshed. The

direct current 1s 1interrupted at time t;. After this, 1t has a

ﬁ gro—-—

magnitude of zero amperes (graph 11). With the 1nterruption of

the direct electrical current at the time t;, the arcs 1in the

conventional switching points Za, 3a are also extinguilshed. As

g
F

-

fect of the arcs 1n the conventional

a result of the thermal e:

switching points 2a, 3a, the insulating segments are

contaminated, and do not vyet reach their full 1insulation

P
P

strength. The dielectric strength (graph 12) of the

conventional switching point Za, 3a 1s not yet present. The
conventional swilitching polnts Za, 3a settle during the time
interval At between the times t; and t,. When the settling 1is

o

complete, the dielectric strength of the conventional switching

points Za, 3a rises (graph 12).

r—

With the interruption of the direct <current, the non-

conventional switching point 4a 1mmediately takes over the
voltage malntenance at the electrical switching device la. The
returning voltage (graph 13) that develops with the

ﬁ-

interruption of the direct current (t;) rises.

b

At the end of the time 1interval At the dielectric strength

(graph 12) of the conventional switching points 2Za, 3a

increases faster than the returning voltage (graph 13) rises.

P

A state 1in which the dielectric strength of the conventional

switching points Z2a, 3a 1s greater than the magnitude of the
returning voltage thus arises at time t;. From this time

onwards the conventional switching points 2Z2a, 3a would be able

to perform the voltage malntenance at the switching device 1la.
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p—
—

At time t, the dielectric strength of the conventional

switching points 2a, 3a also exceeds the dielectric strength of

the non-conventional switching point 4a. The dielectric

strength of the non-conventional swiltchlng point 4a now no

longer needs to rise, 1.e. the non-conventional swilitching point

4a can be designed such that with a further 1ncreasing

dielectric strength of the conventional switching points 2a, 3a

g

the dielectric strength of the non-conventional switchiling polnt

4a no longer has to rise. Accordingly, 1t 1s possible to employ

economlical non-conventional switching points 4a. Through an

overlap 1n the time 1nterval between t; and t, and a further

1ncreasing dielectraic strength of the non-conventional

switching point 4a, additional security 1s created 1n order to

— r—

achieve sufficient dielectric strength of the switching device

p—

f process.

la during a switch-o:

The electrical switching device la 1s subjected to a returning

-

voltage (graph 13) after an 1nterruption of the direct

electrical current. A returning voltage develops across the
electrical switching device 1la with the interruption of the

direct current. This returning voltage (graph 13) 1s, however,

not exclusively determined by the originally driving voltage,

but transient processes can also occur during a switch-off

process, which further 1ncrease the returning voltage 13.

Transilient processes can also result, which can cause the

’-

returning voltage to rise, for example 1n the manner of an

exponential function.
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Claims

1. A switching device (1, la) comprising a first conventional
swltching point (2, 2a), a second conventional switching point
(3, 3a) and a non-conventional switching point (4, 4a),

characterized 1n that

the first conventional switching point (2, 2a), the second
conventional switching point (3, 3a) and the non-conventional

switching point (4, 4a) together constitute a series circuit.

2 . The switching device (1, la) as claimed in claim 1,

characterized in that

the non-conventional switching point (4, 4a) 1s located in the

serlies clrcult between the first conventional switching point

(2, Z2a) and the second conventional switching point (3, 3a).

3. The switching device (1, 1la) as claimed in claim 1 or 2,

characterized 1n that

o

a plurality of conventional switching points (2, 2a, 3, 3a) are

connected 1n series, and the non-conventional switching point

p—

(4, 4a) divides the plurality of conventional switching points

—

(2, 2a, 3, 3a) 1nto approximately equal groups (5, 6) of

conventional switching poilints (2, Z2a, 3, 3a).

pr——

4 . The switching device (1, la) as claimed in one of claims 1

to 3,

characterized 1n that

p—

at least one of the conventional switching points (2, 2a, 3,

3a) comprises a vacuum swilitching chamber.

p——

5. A switch-off method for the operation of a switching

device (1, la) comprising a first conventional switching point

(2, Z2a) and a second conventional switching point (3, 3a) as

well as a non-conventional switching point (4, 4a), wherein the
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two conventional switching points (2, 2a, 3, 3a) and the non-
conventional switching point (4, 4a) are connected in a series
clrculit,

characterized 1n that

the conventional switching poilints (2, 2a, 3, 3a) are switched

oy

off first, after which the non-conventional switching point (4,

p— -
v

4a) 1s switched off.

pr—p—
—

f method as claimed 1in claim 5,

o . The switch-o:

characterized 1in that

an arc 1s 1gnited in at least one of the conventional switching

points (2, 2a, 3, 3a) when the conventional switching points

p— p—

(2, Z2a, 3, 3a) are switched of:

7. The switch-off method as claimed in claim 5 or 6,
characterlized 1n that

a potential 1solation 1s maintained by the non-conventional
switching point (4, 4a) until the conventional switching points

(2, Z2a, 3, 3a) have settled.

— -
—

3 . The switch-off method as claimed in one of claims 5 to 7,

characterized 1n that

an arc burning 1in a conventional switching point (2, 2a, 3, 3a)
1s extinguished by the non-conventional switching point (4,
1a) .

p—— m—

9. The switch-off method as claimed in one of claims 5 to 8,

characterized 1n that

the conventional switching points (2, 2a, 3, 3a) receive a

switch-off i1mpulse almost simultaneously.
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