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(54) Low-, medium-, or high-voltage vacuum interrupter with a contact system

(57) The invention relates to a low-, medium-, or high-
voltage vacuum interrupter with a contact system of two
opposing contacts with AMF contact system, wherein at
least one contact is a moving contact, and the AMF con-
tact profile is bell-shaped.

In order to develop a concept for higher current in-
terruption, which results in effective arc elimination, the
invention is, that in the center of each of the AMF-contact
profiles a magnetic field weakening element is arranged .
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Description

[0001] The invention relates to a low-, medium-, or
high-voltage vacuum interrupter with a contact system
of two opposing contacts with AMF contact system,
wherein at least one contact is a moving contact, and the
AMF contact profile is bell-shaped, according to the pre-
amble of claim 1.
[0002] Vacuum interrupters (VIs) are used at Medium
Voltage level for high current interruption at occasional
fault current and load current switching. The high current
interruption above 50kA, as well known, represents a se-
rious challenge for nowadays VIs.
[0003] In order to achieve high current interruption per-
formances, it is necessary to limit the contact-erosion
resulting from the local overheating due to the concen-
trated burning arc. Hence, it’s necessary to control the
vacuum arc by spreading out the arc thermal energy over
as large area as possible on the contact surfaces.
[0004] In case of AMF (axial magnetic field) arc con-
trols the charged particles, which are confined around
the magnetic flux lines, in order to stabilise the arc by
transforming it into diffuse mode. The quality of this con-
trol mode depends on the strength and distribution of the
self-created axial B-field (AMF).
[0005] In most designs of the AMF based vacuum in-
terrupters, the AMF strength and distribution is concen-
trated at the center of interrupter electrodes, especially
bell-shaped AMF profiles, leading to high erosion and
interruption failure especially at high current. Accordingly
there is a need for a contact design to prevent the con-
centration of the AMF in the center of electrodes at high
current level.
[0006] It has been reported in the state of the art, that
AMF distribution with higher magnetic flux density at con-
tact periphery than in its center, by the use of a concave
shape, should perform better than the uniformly distrib-
uted or bell-shaped AMF.
[0007] It has been shown later that the new redistribu-
tion of the AMF (concave shape) in the inter-electrode
gap in the radial direction does effectively distribute the
cathode spots more uniformly across the cathode’s sur-
face. And the resulting anode erosion with such AMF is
much less pronounced than that obtained with the stand-
ard AMF profile.
[0008] It is well known, that introducing ferromagnetic
components within the contact can increase significantly
the magnetic field and in a certain way can alter the AMF
distribution, but in contrast, it can increase also signifi-
cantly the nominal AC current losses.
[0009] Instead of introducing ferromagnetic compo-
nents, it has been reported, that the concave AMF dis-
tribution can be obtained by innovative contacts coils as-
sembly where a second inner AMF coil is arranged co-
axially within the main AMF coil but in the inverse direc-
tion. Several embodiments using one-segment coils or
two-segment coils assemblies are disclosed in the US
Patent 20100230388.

[0010] The main object of this state of the art is, to
obtain a better AMF arc control by readjusting the radial
distribution of the AMF, but without introducing any fer-
romagnetic material. However, in this assembly, the con-
tact’s impedance, for nominal current conduction, and
the contact’s mechanical stability while closing remain
as an issue.
[0011] Referring to that state of the art, it is the object
of the invention, to develop a concept for higher current
interruption, which a resulting effective arc elimination.
[0012] This is solved by the invention in that, in the
center of each of the AMF-contact profiles is arranged a
magnetic field weakening element, arranged in a central
opening of the AMF contact piece.
[0013] The contacts concept is a multiple-contact sys-
tem based only on AMF arc control, in which each elec-
trode is constituted of two co-axial contacts.
[0014] By that the inner magnetic field will be weak-
ened, so that the current density at the peripherie of the
contact pieces will increase.
[0015] In a further advantageous embodiment, the
magnetic field weakening element is an TMF- or radial-
magnetfield-contact.
[0016] Furthermore advantageous is, that the magnet-
ic field weakening element is a TMF-spiral-contact piece,
and that the direction of the spiral slots of the opposing
TMF-spiral-contact pieces are oriented as such, that the
spiral slot direction of one TMF-contact-piece is inverted
to the spiral slot direction of the other opposing TMF-
contact-piece.
[0017] For that it is advantageous, that the TMF contact
pieces are constituted with two, three or four spiral slots.
[0018] An embodiment of the invention is shown in fig-
ures.
[0019] The new feature lies on using the well-known
spiral TMF contacts in inverted way like it is shown in
figure 1 and a detail of that in figure 3, in order to generate
a strong axial magnetic field component.
[0020] The invention uses the know-how, that in such
extended TMF-AMF contacts investigation from B-field
simulations that when the TMF contacts are arranged
within the outer cup-shape AMF contacts, they generated
in addition to the transverse magnetic component (TMF)
also a strong axial component at the contacts surface.
However the axial field (AMF) at the mid-gap distance is
close to zero due to the cancelation of both axial com-
ponents generated by the upper and lower parts. When
the inner spiral contacts are arranged in the opposite
direction as in figure 3, the axial components will rather
superpose to create a strong AMF along the gap.
[0021] So the spiral directions between the upper and
the lower TMF contact pieces are inverted.
The TMF contact pieces with the spiral slots are con-
structed as a kind of inlays, which are arrangend in central
openings in the opposing AMF-contact pieces.
[0022] This AMF generated by the inner inverted spiral
contacts is actually opposing locally the main AMF gen-
erated by the outer cupshaped contacts coils. This com-
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bination leads to a weakening of the AMF towards the
contacts center and an increase of the AMF at the con-
tacts periphery which is located at the outer contacts. So
this results in what is shown in figure 4.
[0023] Further AMF radial distribution at the mid-gap
and at the contacts surface are possible for two gap dis-
tances, d=5mm and d=10 mm. This results in that the
maximum AMF is located at the outer contact away from
the contacts center.
[0024] This present contacts structure with inverted
spiral contacts is simpler, thus cost effective and easier
to manufacture, and more compact, and much more ro-
bust than the geometries suggested in the state of the
art, for the same purpose.
[0025] The total contact resistance (bulk and contact’s
resistance) is also kept very low because of the spiral
slots in the contact pieces.
[0026] From the experimental point of view, were in-
vestigated the vacuum arc dynamics and confirmed the
effect of this structure (with inverted spiral contacts) on
the diffuse arc distribution. The fully diffuse vacuum arc
was perfectly distributed over the whole contact surface.
[0027] Further geometries of the inner spiral contacts
can be constituted of 4-slots, 3-slots or 2-slots standard
TMF-contacts.

Numbers:

[0028]

1 upper contact piece
2 lower contact piece
3 stem
4 stem

10 bell-shaped upper AMF contact piece
11 inner (upper) TMF spiral contact piece
12 spiral slots in the upper TMF contact piece
20 bell-shaped lower AMF contact piece
21 inner (lower) TMF spiral contact piece
22 spiral slots in the lower TMF contact piece

Claims

1. Low-, medium-, or high-voltage vacuum interrupter
with a contact system of two opposing contacts with
AMF contact system, wherein at least one contact
is a moving contact, and the AMF contact profile is
bell-shaped,
characterized in that
in the center of each of the AMF-contact profiles (1,
2) is arranged a magnetic field weakening element
(11, 21) arranged in a central opening of the AMF
contact piece.

2. Low-, medium-, or high-voltage vacuum interrupter
according to claim 1,
characterized in that

the magnetic field weakening element (11, 21) is an
TMF- or radialmagnetfield-contact.

3. Low-, medium-, or high-voltage vacuum interrupter
according to claim 1 or 2,
characterized in that
the magnetic field weakening element is a TMF-spi-
ral-contact piece, and that the direction of the spiral
slots of the opposing TMF-spiral-contact pieces are
oriented as such, that the spiral slot direction of one
TMF-contact-piece is inverted to the spiral slot direc-
tion of the other opposing TMF-contact- piece.

4. Low-, medium-, or high-voltage vacuum interrupter
according to claim 3,
characterized in that
the TMF contact pieces are constituted with two or
three spiral slots.
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