wo 2014/072048 A1 |[IN I N0F 0000 RO 0 A0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/072048 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

15 May 2014 (15.05.2014) WIPOIPCT
International Patent Classification:
HOIH 33/664 (2006.01)
International Application Number:
PCT/EP2013/003335

International Filing Date:
6 November 2013 (06.11.2013)

Filing Language: English
Publication Language: English
Priority Data:

12007608.8 8 November 2012 (08.11.2012) EP

Applicant: ABB TECHNOLOGY AG [CH/CH]; Affol-
ternstrasse 44, CH-8050 Zurich (CH).

Inventors: GENTSCH, Dietmar; Untere Steinhauser
Strale 26, 40882 Ratingen (DE). HENCKEN, Kai;
Holzgasse 41 A, 79539 Lorrach (DE). LAMARA, Tarek;
René-Jollien 13, CH-1232 Confignon (CH).

Agent: SCHMIDT, Karl-Michael; ABB AG/GF-IP,
Oberhausener Strasse 33, 40472 Ratingen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: VACUUM INTERRUPTER ARRANGEMENT FOR A MEDIUM VOLTAGE CIRCUIT BREAKER WITH CUP-
SHAPED TMF-CONTACTS

10

.
_g\&;

7

Fig.

4

S 4
NN,

7

.

=12

(57) Abstract: The invention relates to a vacuum interrupter arrangement for a medium voltage circuit breaker comprising a vacuum
housing (4) within which a pair of electrical contacts (2a, 2b) are coaxially arranged and concentrically surrounded by the cylindrical
shaped vacuum housing (4), wherein the electrical contacts (2a, 2b) are formed in a type of TMF-contacts, each comprising a slotted
cup-shaped contact part (9a; 9b) which is attached to the distal end of a contact shaft (8a; 8b) and which is covered by a contact ring
(10) disposed on the rim (11) of the cup-shaped contact part (9a; 9b), wherein each cup-shaped contact part (9; 9"; 9"; 9™; 9"") is
provided with a vertical inward bending towards the contact ring (10), wherein the outer diameter of the bottom section of the cup-
shaped contact part (9; 9'; 9"; 9™"; 9") is larger than the outer diameter of its rim section (11), in order to alter the Lorentz force to a
respective inward direction.
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Vacuum interrupter arrangement for a medium voltage circuit breaker with

cup-shaped TMF-contacts

Field of the invention

The invention relates to a vacuum interrupter arrangement for a medium voltage circuit
breaker comprising a vacuum housing within which a pair of electrical contacts are
coaxially arranged and concentrically surrounded by the cylindrical shaped vacuum
housing, wherein the electrical contacts are formed in a type of TMF-contacts, each
comprising a slotted cup-shaped contact part which is attached to the distal end of a
contact shaft and which is covered by a contact ring disposed on the rim of the cup-

shaped contact part.

Vacuum interrupters are usually used in medium-voltage circuit breakers for high
current interruption at occasional short circuit current fault, as well as for load current
switching. For high current interruption, the vacuum arc gets constricted, releasing by
that very high thermal energy onto the contacts. If not prevented, the arc energy yields
in a strong local overheating of the contacts leading to severe contacts erosion, and
high metal vapour density after current zero, which makes the current interruption very

challenging or unsuccessful.

In order to achieve high current interruption performance, it is necessary to manage the
heat arising from the vacuum arc by spreading out the energy over the whole contacts
surface. There are currently two standard methods for the vacuum arc control in a way

to distribute the heat flow over an area of the contacts as large as possible.
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Generally, the vacuum arc control can be achieved by generating either a transverse
magnetic field (TMF) in order to drive the constricted arc in rotating motion under the
effect of Lorentz forces, or an axial magnetic field (AMF) to confine the charged
particles around the magnetic flux lines and to stabilize the arc by making it diffuse over

the whole contact surface with low current density.

The present invention is directed to a vacuum interrupter arrangement comprising cup-
shaped electrical contacts which are formed in a type of TMF-contacts. Moreover, the
invention is also applicable to double-TMF contact systems with an outer cup-shape

cohtact.

Background of the invention

The document WO 2006/002 560A1 discloses such a double-TMF contact system
comprising a pair of corresponding electrical contacts which are coaxially arranged
inside a cylindrical shaped vacuum housing. Each electrical contact consists of an
outer contact piece which is electrically connected in parallel and mounted closely
adjacent to an inner contact piece. Both contact pieces are coaxially disposed in
relation to each other. The outer contact piece is pot-shaped for accommodating the
inner contact piece, which is substantially discoid and provided with spiral slits. Due to
that special electrical contact arrangement during interruption the resulting electric arc
can commute completely or partially from the pair of inner contact pieces to the pair of

outer contact pieces.

In the case of a conventional cup-shape TMF contact system, the arc will be formed
between the rings of the pair of contact. Especially, during the high current arcing
phase, and at large contacts gap-distance the constricted arc roots are attached to the
external edges of the contact pieces. With this scenario, from certain contacts
separation distance, especially greater than 8mm, the arc undergoes an outward
bending or turns into arc jet mode. This arc jet mode is also observed with other
standard spiral-type contacts. Hence, the contacts-shield distance is usually increased
to avoid the direct arc-shield interaction. Ideally, the arc should rotate and remain

between the rings of the cup-shaped contact pieces to avoid its eventual interaction
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with the shield and to prevent the metal melt diffusion to the lateral slits of the cup-

shaped contact.

It is an object of the present invention to improve the cup-shape contacts geometry for

a better arc control in cup-type TMF vacuum interrupter arrangements.

Summary of the invention

According to the present invention each cup-shaped contact part is provided with a
vertical inward bending towards the contact ring, wherein the outer diameter of the
bottom section of the cup-shaped contact part is larger than the outer diameter of the

rim section, in order to alter the Lorentz force to a respective inward direction.

The solution according to the present invention prevents the cup-type electrical
contacts and the shield from damages. This will result in increased reliability and
current interruption performance over the vacuum interrupter lifetime. The geometry
proposed in view of the present invention can be also used for outer contact pieces of a
double-TMF contact system as well as for conventional single cup-shaped TMF- -

contacts.

According to the results of scientific tests the outward bending of the constricted arc,
and its eventual transformation to arc jet mode, is initially a result of the TMF driving
forces, namely the Lorentz forces. The Lorentz forces profile of the outer cup-shaped
contacts is usually pointing outwardly to some degree. Hence, the arc which is rotating
under the Lorentz forces effect is also pushed outwardly under the action of these

Lorentz forces themselves.

To hinder this effect one should change the contacts geometry to alter the Lorentz
forces profile to an inward direction, or at least to a line with the velocity vector of the
rotating arc. According to the invention this can be achieved by changing the current
path in the vertical direction in the contacts, as the magnetic field direction is then

changed in such a way as to make the Lorentz forces oriented more inwards.
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To get the expected effect on Lorentz forces orientation it is proposed to design the
outer cup-shaped contact with a vertical inward bending towards the contact surface
ring. The effect of this is to keep the rotating arc between the outer contacts ring and
prevents its eventual interaction with the shield and reduce the melt diffusion to the
slits. Another positive consequence of that special design is the reduction of the
distance between the shield and the contacts. An over-dimensioning can then be

avoided leading to a more compact design and material saving.

In principal, the direction of the Lorentz forces is strongly influenced by the outer-cup
bending and an inward bending would change significantly the Lorentz force direction
in the desired way. From this point of view, the inward bending according to the
invention gives the best solution for Lorentz forces orientation to keep the arc between

the outer rings and reduce the probability of its interaction with the shield.

There are several special embodiments of the invention which fulfill the requirement of
TMF Lorentz force orientation to the inward direction. Preferred embodiments of the
contacts design which can be considered in any TMF cup-type contacts design should

be described therein after:

According to a first preferred embodiment the vertical inward bending on the cup-
shaped contact part is provided by a flat flange section of the cup-shaped contact part
which is inwardly bended. The said flat flange section has a constant wall thickness.
The contact ring is disposed on the rim of the cup-shaped contact part which is formed

by the distal end of the flat flange section.

In view of a second preferred embodiment the cup-shaped contact part is provided with

a concave groove disposed in the inner wall of the flange section.

According to a third preferred embodiment the cup-shaped contact part is provided with
a concave groove disposed in the outer wall of the flange section in the area of its rim.
Additionally, it is possible to dispose a further concave groove in the inner wall of the
flange section, preferably in the area of the bottom section of the cup-shaped contact

part.
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Although the foregoing described preferred embodiments are directed to single cup-
type TMF-contacts, the present invention is also applicable to double-TMF contact
systems, principally consisting of a discoid inner contact piece which is surrounded by
an outer cup-shaped contact piece. At these contact systems the preferably helical
slotted outer cup-shaped contact piece preferably corresponds with a spiral slotted

inner contact piece.
The foregoing and other aspects of the invention will become appareht following the
detailed description of the invention when considered in conjunction with the enclosed

drawings.

Brief description of the drawings

Figure 1 is a longitudinal section through a medium-voltage circuit breaker having

a vacuum interrupter arrangement,

Figure 2 is a schematic side view of a part of corresponding electrical contacts

with a vacuum arc in-between,

Figure 3 is a perspective view of the electrical contact as shown in figure 2,

Figure 4 is a sectional side view of a first embodiment of a cup-shaped contact

part according to a first embodiment,

Figure 5 is a sectional side view of a second embodiment of a cup-shaped

contact part according to a second embodiment,

Figure 6 is a sectional side view of a third embodiment of a cup-shaped contact

part according to a third embodiment,

Figure 7 is a sectional side view of a fourth embodiment of a cup-shaped contact

part according to a fourth embodiment,
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Figure 8 is a sectional side view of a fifth embodiment of a cup-shaped contact

part according to a fifth embodiment, and

Figure 9 is a perspective view of the contact part as shown in figure 8.

Detailed description of the drawings

The medium voltage circuit breaker as shown in Figure 1 principally consists of an
insulating pole part 1 of a vacuum interrupter within which a pair of electrical contacts
2a, 2b is coaxially arranged. A stationary electrical contact 2a corresponds with a
moveable electrical contact 2b. Both electrical contacts 2a and 2b have corresponding
outer electrical connectors 3a and 3b respectively and they form an electrical switch for
electrical power interruption inside a vacuum housing 4 of the pole part 1. The
moveable electrical contact 2b is moveable between the closed and the opened
position via a jackshaft 5. The jackshaft 5 internally couples the mechanical energy of
an electromagnetic actuator 6 to the moving electrical contact 2b inside the insulating
part 1. In order to ensure an electrical connection between' the moveable electrical
contact 2b which is moveable attached to the electro-magnetic actuator 6 a flexible
conductor 7 is provided between said moveable electrical contact 2b and the outer

electrical connector 3b.

According to Figure 2 each electrical contact 2a and 2b has a slotted cup-shaped
design forming a TMF-contact. Each contact part 9a and 9b is attached to the distal
end of a contact shaft 8a or 8b respectively. During current interruption and arc zone X
is disposed between both cup-shaped contact parts 9a and 9b of the electrical contacts
2a and 2b.

As shown in Figure 3 the cup-shaped contact part 9a (for example) is covered by a
contact ring 10 disposed on the rim 11 of the slotted cup-shaped contact part 9.

In view of Figure 4 which shows the first preferred embodiment of the cup-shaped

contact part 9 a vertical invert bended flat flange section 12 is provided which is
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directed towards the contact ring 10. The outer diameter of the bottom section of the
cup-shaped contact part 9 is larger than the outer diameter of the rim section 11 in

order to alter the Lorentz force to a respective invert direction.

According to Figure 5 which shows a second embodiment of the cup-shaped contact
part 9’ the vertical invert bending is provided with a concave groove 13 which is

disposed in the inner wall of the flange section 12 of the cup-shaped contact part 9'.

In view of the third embodiment according to Figure 6 of a cup-shaped contact part 9”
the vertical invert bending is provided with a concave groove 14 which is disposed in

the outer wall of the flange section 12 in the area of its rim 11.

In view of Figure 7 an additional concave groove 15 is disposed in the inner wall of the
flange section 12 in the bottom area of the cup-shaped contact part 9. A further
concave groove 14 is disposed in the outer wall of the flange section 12 as described in

connection with the foregoing embodiment.

Figure 8 shows a double TMF contact system consisting of a discoid inner contact part
16 which is surrounded by an outer cup-shaped and slotted contact part 9. The contact
ring 10 has the same outer diameter like the bottom section of the cup-shaped contact

part 9 which is also provided at the foregoing described embodiments.

As shown in Figure 9 the discoid inner contact part 16 is also helical slotted and

inserted into the surrounding cup-shaped contact part 9.

Generally, the high current vacuum arc behavior in a vacuum interrupter depends on a
number of different factors, especially on the driving forces that are moving the arc
along. In the case of a (transverse) magnetic field, the main driving force is the
foregoing mentioned Lorentz force coming from the combined effect of “induced
magnetic field” Bryr and the current flowing through the arc. If the B-field is rather

homogenous, the total force on the arc is given by

Frg =01 By =K-1-1*
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Where [ is the gap distance and I the total current flowing through the arc. For Brye
different values are possible, which also depend on details of the geometry, such as
contact shape and gap distance. The proportionality factor K depends on the strength

of the magnetic flux density as a function of the current.

In the case of a magnetically driven arc, mostly a single running columnar arc for gap

distances above 5mm is existing, which of course can also interact with the shield.

Especially at high currents the dominant arc mode is no longer the columnar arc, but
“anode and cathode jets vacuum arc¢”. This arc has the tendency to move to the contact

edges and form two jets into the region outside.

The question is how these transitions to the arc modes at the contact edges appear.
From the prior art, the appearance of the two-jet mode is assumed to be due to the
presence of the kink-instability in a plasma column. This is one of a number of

instabilities in a plasma column.

But the kink instability occurs, if the plasma column is already distorted slightly
sideways. Due to the property of the magnetic flux density being source less, a bending
of a plasma column leads to an increase of the magnetic field on the inside of the bend.
This leads to an increase in the magnetic force “on the inside of the kink” towards the

bend direction, forcing the bended column to be bent even more.

If a columnar arc is inside between two TMF contacts, its motion to be due dominantly
by the (TMF) Lorentz force effect is expected. Therefore, a rotational motion of the arc
as long as it is inside the contacts can be expected. This might lead initially to a slight

arc bending, but only at the contacts edge the instability can fully develop itself and the

arc is blown outside.

The TMF forces “push” the vacuum arc to the edge and eventually blow it to the
outside. From this, on the other hand, one can compare the relative importance of the
driving force from the TMF magnetic field and the force driving the arc instability. This
estimate can be used to get the radius of curvature R an arc must have in order to lead

to a kink-instability force, which is as large than the TMF force:

The kink-instability force Fy« can be expressed in simplified way as following:

1-.1?
F. L6 ~u ——
kink 02 R
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Comparing this with the force by the TMF magnetic field from Eq. (1), the critical radius

of curvature is as

I~ /‘lo
crit 27Z'K

This curvature is independent of the actual short circuit current and only depends on

the proportionality factor K.

For a short circuit current 7=50kA and a gap distance of /=10mm, a B-filed By =15T
and a force of E,;=750N is chosen. Here a value of K=Bg/1=30mI/kA.

For the parameters given above:

R _ . ~6.6mm

crit

This is of the order of the gap distance and means that unless the bending of the arc,
to the outside is comparable to the driving force, we do not expect that the kink force
will dominate the arc behavior. However, once the arc is established at the contacts
edges, the curvature becomes more significant and the kink instability amplifies the arc

bending to transform it finally to arc jets.

One could also reduce relatively the effect of the kink-instability forces by increasing
the proportionality factor K=Bmyge/I which is geometry dependent.
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Reference signs

pole part

electrical contact
electrical connector
vacuum housing

jack shaft
electromagnetic actuator
flexible conductor
contact shaft
cup-shaped contact part
contact ring

rim section

flange section

first concave groove
second concave groove
third concave groove

inner contact part

arc zone

PCT/EP2013/003335
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Claims

1. Vacuum interrupter arrangement for a medium voltage circuit breaker
comprising a vacuum housing (4) within which a pair of electrical contacts (2a, 2b) are
coaxially arranged and concentrically surrounded by the cylindrical shaped vacuum
housing (4), wherein the electrical contacts (2a, 2b) are formed in a type of TMF-
contacts, each comprising a slotted cup-shaped contact part (9a; 9b) which is attached
to the distal end of a contact shaft (8a; 8b) and which is covered by a contact ring (10)
disposed on the rim (11) of the cup-shaped contact part (9a; 9b),

RN

LR LN

than the outer diameter of its rim section (11), in order to alter the Lorentz force on a

constricted columnar arc to a respective inward direction.

2. Vacuum interrupter arrangement according to Claim 1,

characterized in that the vertical inward bending on the cup-shaped contact part (9) is
provided with a flat flange section (12) of the cup-shaped contact part (9) which is
inwardly bended.

3. Vacuum interrupter arrangement according to Claim 1,

characterized in that the vertical inward bending on the cup-shaped contact part (9')
is provided with a concave groove (13) disposed in the inner wall of the flange section
(12).

4. Vacuum interrupter arrangement according to Claim 1,

characterized in that the vertical inward bending on the cup-shaped contact part (9°°)
is provided with a concave groove (14) disposed in the outer wall of the flange section
(12) in the area of its rim (11).

5. Vacuum interrupter arrangement according to Claim 4,
characterized in that an additional concave groove (15) is disposed in the inner wall

of the flange section (12) in the bottom area of the cup-shaped contact part (9 ).
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6. Vacuum interrupter arrangement according to Claim 1,
characterized in that the contact ring (10) has the same outer diameter like the

bottom section of the cup-shaped contact part(9; 9,97;,97;, 97 ").

7. Vacuum interrupter arrangement according to Claim 1,
characterized in that each electrical contact (2a; 2b) is shaped as a single cup-type
TMF-contact.

8. Vacuum interrupter arrangement according to Claim 1,
characterized in that each electrical contact (2a; 2b) is shaped as a double-TMF
contact system consisting of a discoid inner contact part (16) and a surrounding outer

cup-shaped contact part (9).

9. Vacuum interrupter arrangement according to Claim 8,

characterized in that the inner contact part (16) is spiral slotted.

10. Medium voltage circuit-breaker comprising at least one vacuum interrupter
arrangement as claimed in one of the preceding Claims 1 to 9 for at least one pole part

(1) operated by an electromagnetic actuator (6).
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