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(54) Gas-insulated high-voltage circuit breaker

(57) The circuit breaker comprises in coaxial ar-
rangement two arcing contacts (6) and a tubular insulat-
ing nozzle (9). The arcing contacts can be moved relative
to one another along an axis (1) in a housing filled with
an insulating gas. The nozzle (9) comprises a gas inlet
(10), afirst throat (11), which is connected to the gas inlet
(10), and a gas outlet (12) with a conically increasing
section (21) which is connected to the first throat (11).
During opening one (6) of the arcing contacts passes the
insulating nozzle (9) and receives a root of an arc (18)
which is struck between the arcing contacts (5,6) and

22 21

which heats up the insulating gas to a quenching gas that
from the gas inlet (10) through the first throat (11) flows
into an expansion room (19) including the gas outlet (12).
In order to improve the dielectric recovery capability of
the breaker the gas outlet (12) comprises a second throat
(20) which follows the conically increasing section (21)
in the flow direction of the quenching gas, and during
travelling of the second arcing contact (6) through the
second throat (20) the ratio of the effective cross section
of the second throat (20) to the cross section of the first
throat (11) is greater than 1 and at most 2.
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Description
TECHNICAL FIELD

[0001] The invention relates to the field of high-voltage engineering, in particular gas-insulated high-voltage circuit
breakers in electrical power distribution systems. It is based on a high-voltage circuit breaker in accordance with the
precharacterizing clause of the patent claim 1.

[0002] The main objective of such a circuit breaker is to disconnect a wide range of electric currents in a high-voltage
network, whenever it is necessary. The underlying disconnection principle is to generate a switching arc between two
arcing contacts, to extinguish the switching arc by blowing the arc axially through an insulation nozzle with a quenching
gas at current zero and then to isolate the two arcing contacts with the quenching gas. The process of extinguishing the
arc up to current zero is called the thermal interruption. The establishing of the interruption capability of a gap between
the two arcing contacts after current zero is called thermal dielectric recovery. In the dielectric recovery phase, a dielectric
breakdown may occur if the local electric field in the contact gap exceeds a threshold value.

PRIOR ART

[0003] A circuit breaker of the afore-mentioned type is described in US 6, 646,850 B1. The described circuit breaker
comprises an insulation nozzle including a constriction point from which quenching gas flows in an outlet flow direction
through one outlet flow channel having a number of areas which the quenching gas passes through successively. A first
area facing the constriction point of the nozzle has a specific flow resistance which is less than that of the constriction
point. A second, a third and a fourth area follow successively in the outlet flow direction, in which the specific flow
resistance of the second and the fourth area, respectively, is greater than the specific flow resistance in the immediately
preceding area in the outflow direction.

[0004] Thus in the outflow channel areas having higher specific flow resistance and areas having a lower specific flow
resistance alternate. The quenching gas in each case flows through an area having a higher specific flow resistance, in
order then to expand in an area having a lower specific flow resistance. This results in a build-up behaviour which
produces a number of quenching gas build-up pressure waves which follow one another in time in an area in which the
switching arc is burning. This allows the time profile of the quenching gas pressure in the arcing area to be controlled,
thus achieving a pressure profile which is optimized for arc quenching and for avoiding restriking of the arc.

DESCRIPTION OF THE INVENTION

[0005] It is an object of the invention as described in the patent claims to specify a gas-insulated high-voltage circuit
breaker having a simple design and at the same time an improved dielectric recovery capability.

[0006] In the circuit breaker according to the invention an insulating nozzle besides a first throat also comprises a
second throat which follows a conically increasing section of a gas outlet of the nozzle in the flow direction of the quenching
gas.

Furthermore during travelling of a second of two arcing contacts through the second throat the ratio of the effective cross
section of the second throat to the cross section of the first throat is between 1 and 2. For reason of these features strong
supersonic expansion in the gas outlet of the nozzle can be controlled such that the creation of dielectrically unfriendly
regions are reduced and thus the dielectric recovery capability of the breaker is improved remarkably. The reduction of
the dielectrically unfriendly regions is due to flow choking in the second nozzle and thus due to localizing regions with
supersonic gas flow immediately behind the exit of the first throat. In the.dielectrically sensitive regions around a plug
head of the second arcing contact the density of the quenching gas thus is comparatively high which leads to an increase
of the breakdown voltage of the breaker and thus to an improved dielectric recovery capability.

[0007] Undesired transients, in particular capacitive currents, can be interrupted successfully when the second arcing
contact carries an annular body which is positioned in such a way that during opening of the circuit breaker the annular
body releases the second throat later than the plug head the first throat.

[0008] Further embodiments, advantages and applications of the invention are given in the drawings and in a part of
the description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] There are shown schematically in:

fig.1  anaxial section through a part of a contact arrangement of a gas-insulated high-voltage circuit breaker according
to prior art including two arcing contacts and an insulating nozzle in the closed position of the circuit breaker
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EP 1916 684 A1
(shown above an axis) and during opening of the circuit breaker (shown below the axis),

fig.2  an axial section through the nozzle and an arcing contact of a first embodiment (shown above the axis) and of
a second embodiment (shown below the axis) of the high-voltage circuit breaker according to the invention,

fig.3  anaxial section through the nozzle and an arcing contact of a third embodiment of the high-voltage circuit breaker
according to the invention (shown above the axis) which is compared to the second embodiment according to
fig.2 (shown below the axis).

fig.4  an axial section through the nozzle and an arcing contact of a fourth embodiment of the circuit breaker according
to the invention (shown above the axis) which is compared to the first embodiment according to fig.2 (shown
below the axis), and

fig.5  an axial section through the nozzle and an arcing contact of a fifth embodiment of the high-voltage circuit breaker
according to the invention.

WAYS TO IMPLEMENT THE INVENTION

[0010] In the figures same reference symbols are used for identical parts and repetitive reference symbols may be
omitted.

[0011] The contact arrangement of the prior art circuit breaker of fig.1 is extended along an axis 1 and is enclosed in
a tubular housing 2 which is filled with an insulating gas, in particular on the basis of sulfur hexafluoride, nitrogen or
carbon dioxide or a mixture comprising one or more of these gases. Typically the insulating gas is pressurized up to
some bar, forinstance five to eight bar. Enclosed in the housing 2 is a contact arrangement which comprises two switching
pieces 3, 4, which can be moved relative to one another along the axis 1. Each switching piece 3 resp. 4 comprise in
coaxial arrangement an arcing contact 5 resp. 6 and a main current contact 7 resp. 8 which surrounds the corresponding
arcing contact. In the closed position of the circuit breaker both arcing contacts 5, 6 are surrounded by a tubular insulating
nozzle 9 which is fixedly secured to the tubularly designed main current contact 7 and which is preferably manufactured
of a polymer on the basis of a polytetrafluorethylene (PTFE).

[0012] The insulating nozzle comprises a gas inlet 10, a throat 11 which is immediately connected to the gas inlet and
a gas outlet 12 which is immediately connected to the throat 11. The arcing contact 5 is fixedly arranged in the gas inlet
10 and is rigidly connected to the main current contact 7 by means of an annular disk 13 which separates an annular
heating volume 14 from an annular compression room 15 of a piston-cylinder compression device. The gas inlet 10
comprises an annularly shaped and predominantly axially guided channel 16 which is positioned between the arcing
contact 5 or an auxiliary nozzle (not shown) surrounding the contact 5 and a part of the insulating nozzle surrounding
the arcing contact 5.

[0013] In the closed position of the circuit breaker (shown above axis 1) the arcing contact 5 which is shaped as a
tube receives a head 17 of the arcing contact 6 which is shaped as a plug.

[0014] In order to open the circuit breaker the switching pieces 3, 4 are disconnected by means of a drive (not shown)
which moves the switching piece 3 to the left. After the separation of the main current contacts 7, 8 a current to be
interrupted commutates into a current path which includes the arcing contacts 5, 6. A switching arc 18 is struck when
the arcing contacts 5, 6 are separated: The plug head 17 receives a first root of the arc 18, the annularly shaped right
end of the arcing contact 5 receives the second root of the arc 18. The arc heats up and thus pressurizes the surrounding
insulating gas which via channel 16 is guided into the heating volume 14 in which it is stored as quenching gas. Meanwhile
the arcing contact 5 travels through the throat 11. As soon as the plug head 17 releases the throat 11 a flow of pressurized
quenching gas passes the nozzle 9 and blows the arc 18 beyond current zero until it extinguishes. The quenching gas
from the heating volume 14 - if necessary additionally fed with quenching gas pressurized in the compression room 15
- then flows through the gas inlet 10 and the throat 11 in an expansion room 19 which includes the gas outlet 12.
Dependent on the duration and the amplitude of a current to be interrupted the pressure in the heating volume 14 can
reach a value which is a multiple, for instance the tenfold, of the pressure of the insulating gas in the housing 2. The
velocity of the quenching gas flow in the throat 11 may reach at most Mach number 1. The mass flow through the nozzle
9 at a predetermined gas pressure in the gas inlet 10 resp. in the heating volume 14 is optimized (choked flow).
[0015] As can be taken from fig. 1 in the gas outlet 12 the nozzle cross sectional area increases conically. Thus
downstream the throat 11 the quenching gas expands into the expansion room 19. Hereby the velocity of the gas flow
increases to supersonic velocity. In regions of the expansion room in which the flow is supersonic the density and thus
the dielectric strength of the quenching gas are small. The small dielectric strength of the quenching gas thus weakens
the dielectric recovery capability of the circuit breaker considerably, that means that after current zero restriking may occur.
[0016] Such undesired restriking can be reduced with simple means when the insulating nozzle 9 is designed as
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shown in the embodiments according to the figures 2 to 5. In all these embodiments the gas outlet 12 of the insulating
nozzle 9 comprises a second throat 20 which follows a conically increasing section 21 in the flow direction of the quenching
gas. The ratio R of an effective cross section A, of the second throat 20 to the cross section A, of the first throat 11
during travelling of the arcing contact 6 through the throat 20 exceeds 1 and is at most 2:

1<R= AgAr= Tr(ra® - 16 )rii2 < or=2,

with

ryo = radius of the throat 20,
ry4 = radius of the throat 11, and
re = radius of the plug-shaped arcing contact 6.

[0017] The effective cross section A, of the throat 20 then is small enough to enable the creation of a choked flow in
the second throat 20 and to generate high density subsonic gas in a dielectrically sensitive region B around the plug
head 17. The region B is marked in the figures 2 to 5 with a box. Specifically, the effective cross section of the throat 20
is large enough to create weakly supersonic flow only in the conically increasing section 21. Hot gas clogging is then
avoided which otherwise can lead to failure of the thermal interruption. Thus the throat 20 and the special selection of
the ratio R locate a shock which is generated immediately behind the exit of the throat 11 in the conically increasing
section 21, such that the dielectrically sensitive region B around the plug head 17 only receives a subsonic gas flow and
thus comprises a favourable high density quenching gas.

[0018] In an embodiment of the high voltage circuit breaker with rg = 10 mm, ry4 = 12 mm, ryo = 18 mm, with a filling
pressure of the insulating gas in the housing 1 of about 7,5 bar and with a pressure of the quenching gas in the heating
volume 14 of about 20 bar the gas density of the quenching gas in the dielectrically sensitive region B could be improved
approximately a factor 2.

[0019] Inthe embodiment of the circuit breaker according to fig.2 (shown above axis 1) the conically increasing section
21 is attached to the throat 11 resp. 20 with an annular edge 22 resp. 23. The section 21 then can have a constantly
inclined surface which is steeply inclined against the axis 1. The dielectric recovery capability of this embodiment can
be improved in that the surface of the conically increasing section continuously adapts to the surface of the throat 11
(fig.2, below axis 1). This gives a smoothly expanded contour and a smooth surface to the gas outlet 12, free of discon-
tinuities, and enables an improved control of the expansion of the supersonic flow, which is created at the exit of the
throat 11. Otherwise, flow detachment at the wall of the conically increasing section 21 may occur and the dielectrically
sensitive region B near the plug head 17 can be submerged in the dielectrically unfavourable low density supersonic
region of the gas flow.

[0020] In the embodiment according to fig.3 (shown above axis 1) between the conically increasing section 21 and
the second throat 20 is arranged a conically decreasing section 24 which is immediately connected to the second throat
20. The connection between the conically increasing section 21 and the conically decreasing section 24 executes a
connection section 25 with a concave surface. The gas outlet 12 of the nozzle 9 now comprises a smoothly divergent
part 26 and a smoothly convergent part 27 which follows the divergent part 26 in the flow direction of the quenching gas.
The convergent part 27 is used to choke the flow in order to confine the location of the normal shock wave in the divergent
part 26. The divergent part 26 is used to decelerate the subsonic flow which after a vertical shock at the inlet of the
divergent part 26 is created. The density of the quenching gas in the dielectrically sensitive region B around the plug
head 17 thus can be improved additionally compared to the high-voltage circuit breaker of fig.2 (shown below axis 1)
having a smoothly opened gas outlet 12.

[0021] In the embodiment according to fig.4 (shown above axis 1) the surface of the conically increasing section 21
increases constantly and is steeply inclined against the axis 1. Between the conically increasing section 21 and the
conically decreasing section 24 is arranged a connection section 25 with a cylindrical surface. For reason of the steep
inclination of the section 21 and if necessary also of the section 24 the distance between the arcing contacts 5, 6 and
thus the breaker size can be reduced. Compared to the circuit breaker with a steeply opened gas outlet 12 (shown in
fig.4 below axis 1), the dielectrically sensitive region B around the plug head 17 comprises quenching gas with a higher
gas density. Thus the dielectric recovery capability of this embodiment is comparatively high.

[0022] In the embodiment of the invention according to fig.5 the arcing contact 6 carries an annular body 28 which is
positioned in such a way that during opening of the circuit breaker the annular body releases the throat 20 later than the
plug head 17 the first throat 11. During an opening procedure the annular body 28 prevents the formation of a flow of
quenching gas through the throat 20 for a predetermined time after the plug head 17 has released the throat 11. By
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means of the annular body 28 a local pressure increase of about a factor 2 can be achieved in region B. When the
annular body 28 releases the throat 20 the gas flow is no more affected and the quenching gas can blow the arc 18 as
afore-described. Such an additional local pressure increase in region B is beneficial in the case of switching transient
capacitive currents.

List of Reference Signs
[0023]

1 axis

2 housing

3,4 switching pieces

5,6 arcing contacts

7,8 main current contacts
9 insulating nozzle

10 gas inlet

11 first throat

12 gas outlet

13 annular disk

14 heating volume

15 compression room

16 channel

17 plug head

18 arc

19 expansion room

20 second throat

21 conically increasing section
22,23  annular edges

24 conically decreasing section
25 connection section

26 divergent part

27 convergent part

28 annular body

B dielectrically sensitive region
rg radius of the plug-shaped arcing contact 6
r14 radius of the throat 11

0 radius of the throat 20
Claims

1. High-voltage circuit breaker comprising in coaxial arrangement:

two arcing contacts (5, 6) which can be moved relative to one another along an axis (1) in a housing (2) filled
with an insulating gas, and

a tubular insulating nozzle (9) with a gas inlet (10), a first throat (11) which is connected to the gas inlet (10)
and a gas outlet (12) with a conically increasing section (21) which is connected to the first throat (11),

wherein the first arcing contact (5) is fixedly arranged in the gas inlet (10) and receives a plug head (17) of the
second arcing contact (6) in a closed position of the circuit breaker, and

wherein during opening of the circuit breaker the second arcing contact (6) passes the insulating nozzle (9) and
receives a root of an arc (18) which is struck between the first (5) and the second arcing contact (6) and which heats
up the insulating gas to a quenching gas that from the gas inlet (10) through the first throat (9) flows into an expansion
room (19) including the gas outlet (12),

characterized in that the gas outlet (12) comprises a second throat (20) which follows the conically increasing
section (21) in the flow direction of the quenching gas, and in that during travelling of the second arcing contact (6)
through the second throat (20) the ratio of the effective cross section of the second throat (20) to the cross section
of the first throat (11) is greater 1 and at most 2.
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The circuit breaker according to claim 1, characterized in that for giving a smoothly expanded contour to the gas
outlet (12) the surface of the conically increasing section (21) continuously adapts to the surface of the first throat (11).

The circuit breaker according to claim 2, characterized in that the second throat (20) is immediately connected to
the conically increasing section (21).

The circuit breaker according to one of claims 1 or 2, characterized in that between the conically increasing section
(21) and the second throat (20) is arranged a conically decreasing section (24) which is immediately connected to
the second throat (20).

The circuit breaker according to claim 4, characterized in that between the conically increasing section (21) and
the conically decreasing section (24) is arranged a connection section (25) with a concave surface.

The circuit breaker according to claim 4, characterized in that between the conically increasing section (21) and
the conically decreasing section (24) is arranged a connection section (25) with a cylindrical surface.

The circuit breaker according to claim 6, characterized in that the surface of the conically increasing section (21)
increases constantly.

The circuit breaker according to one of claims 1 to 7, characterized in that the second arcing contact (6) carries
an annular body (28) which is positioned in such a way that during opening of the circuit breaker the annular body
(28) releases the second throat (20) later than the plug head (17) the first throat (11).
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