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Description

[0001] The present invention relates to a switchgear
having a plurality of interrupters, and more particularly to
a switchgear that is capable of eliminating instability of
electrical insulating ability of a non-earthed metal vacuum
chamber having the plurality of interrupters therein.
[0002] As an example of a conventional switchgear,
there has been known a two-poles vacuum circuit break-
er wherein two pairs of interrupters connected in series
are opened simultaneously to interrupt current. In the
switchgear, the pairs of the interrupters are arranged in
parallel in a metal vacuum chamber. Fixed contacts of
the switchgear are supported by the vacuum chamber
by means of dielectric cylinders. The pairs of moving con-
tacts are connected by means of a connecting conductor
in the vacuum chamber. The connecting conductor is
connected to an operating rod by means of an insulator
in the vacuum chamber. A portion between the operating
rod and the vacuum chamber is sealed with a sealing
means. At the fixed contact side of the interrupters, there
are provided two circuit terminals for electrically connect-
ing them with external circuits, i.e. a bus terminal and a
load terminal. The non-earthed metal vacuum chamber
is surrounded by an insulating mold (cf. Patent document
No. 1). (Patent document No. 1) Japanese patent laid-
open 2005-108766
[0003] In the above-mentioned conventional switch-
gear, an earth layer is disposed around the insulating
mold thereby to prevent charging-up of the mold. How-
ever, since a distance between the earth layer and the
non-earthed metal vacuum chamber is small, and since
there is the insulating mold between them, static capac-
itance between the non-earthed metal vacuum chamber
and the earth layer becomes large. As a result, an electric
potential of the non-earthed metal vacuum chamber be-
comes close to a potential of the earth potential.
[0004] On the other hand, because a potential at the
bus terminal becomes 100% and a potential at the load
terminal becomes 0 % in an open state of the moving
electrodes, potentials of the moving contacts and con-
necting conductor each being electrically connected to
one another are determined by allocations of electro-stat-
ic reactance between the respective fixed contacts and
electro-static reactance between the non-earthed metal
vacuum chamber and the fixed contacts. Since the latter
is larger than the former, the potential of the moving con-
tacts and the non-earthed metal vacuum chamber
swerves 50% potential so that the potential becomes
close to a potential of the non-electric metal vacuum
chamber, i.e. approximately ground potential. As a result,
a voltage dividing ratio of the interrupter at the power
source side connected to the bus terminal and the inter-
rupter at the load side connected to a load terminal
swerves from 1:1, and the interrupter at the bus terminal
side bears almost all of the potential.
[0005] Accordingly, despite of the two-poles vacuum
interrupter, the potential allocation at the interrupters

greatly differ from each other, and a potential stress on
one of the interrupters becomes large. Further, there is
instability of electrical insulation strength that is due to
floating of the potential of the non-earthed metal vacuum
chamber. Thus, there was a problem that the current in-
terrupting ability could not be increased.
[0006] The present invention has been made based
on the above-mentioned facts, and aims at providing a
switchgear capable of improving interrupting capability
while eliminating instability of electrical insulation ability
due to floating of potential of the non-earthed metal vac-
uum chamber.
[0007] According to the present invention, there is pro-
vided a switchgear having interrupters wherein at least
two moving contacts are capable of being open and close
with respect to respective fixed contacts which comprises
a non-earthed metal vacuum chamber enclosing the in-
terrupters therein, each interrupter being disposed in a
dielectric cylinder, a terminal plate being disposed at the
fixed contact side of the dielectric cylinders, a connection
conductor for connecting the moving contacts, an oper-
ating rod connected to the connecting conductor by
means of an insulator, and protruding from the non-
earthed metal vacuum chamber, a sealing means for
sealing the protrusion of the operating rod at the non-
earthed metal vacuum chamber, circuit terminals pro-
truding from the non-earthed vacuum chamber through
the terminal plates, an insulating mold covering the outer
peripheries of the non-earthed metal vacuum chamber,
the dielectric cylinders, the terminal plates and circuit ter-
minals, an earth layer surrounding an outer periphery of
the insulating mold, wherein a potential control means
including an impedance element for eliminating instability
of electric insulating ability is connected between the cir-
cuit terminals, a physical intermediate point of the poten-
tial control means being connected to the non-earthed
metal vacuum chamber for controlling the potential of the
non-earthed metal vacuum chamber and the moving con-
tacts.
[0008] The potential control means for controlling the
potential of the non-earthed metal vacuum chamber and
the moving contacts may include various impedances
such as a capacitor, resistors such as a non linear resist-
ance, linear resistance, etc.
[0009] According to the present invention, it is possible
to improve interrupting ability of the switchgear by con-
trolling potential of the non-earthed metal vacuum cham-
ber, because instability of electric insulating ability is elim-
inated, or at least reduced.

IN THE DRAWINGS:

[0010]

Fig. 1 is a vertical cross sectional view of a first em-
bodiment of a switchgear of the present invention.
Fig. 2 is a perspective view of dielectric cylinders
viewed from the bottom side where the insulating
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mold and the earth layer are omitted in the first em-
bodiment of the switchgear of the present invention
shown in Fig. 1.
Fig. 3 is a vertical cross sectional view of a second
embodiment of a switchgear of the present invention.
Fig. 4 is a vertical cross sectional view of a third em-
bodiment of a switchgear of the present invention.
Fig. 5 is a vertical cross sectional view of a fourth
embodiment of a switchgear of the present invention.

(Explanation of reference numerals)

[0011] 1; non-earthed metal vacuum chamber, 2; in-
terrupter, 3; fixed contact, 4; moving contact, 5; dielectric
cylinder, 6; arc shield, 7; end plate, 8; moving holder, 9;
connecting conductor, 10; insulator, 11; operating rod,
12; operating device, 13; bellows (sealing means), 14;
bus terminal, 15; load terminal, 20; condenser.
[0012] In the following, embodiments of the switchgear
of the present invention will be explained by reference to
drawings.
[0013] Fig. 1 shows a vertical cross sectional view of
a first embodiment of a switchgear of the present inven-
tion. In Fig. 1, two interrupters 2 are disposed in a non-
earthed metal vacuum chamber 1. Each interrupter 2 is
provided with a fixed contact 3 and a moving contact 4.
Each of the interrupter 2 is disposed in a dielectric cylin-
der 5. Each dielectric cylinder 5 is provided with an arc
shield 6 with a corresponding interrupter therein. A ter-
minal plate 7 is disposed at the fixed contact side of the
dielectric cylinder 5.
[0014] The moving contacts 4 of the interrupters 2 are
supported by respective moving holders 8, which are
electro-conductive. The moving holders 8 are connected
by means of a connecting conductor 9 to each other. The
connecting conductor 9 is connected to an operating rod
11 protruding from the non-earthed metal vacuum cham-
ber 1 through an insulator 10 located in the vacuum
chamber. The operating rod 11 is connected to an oper-
ating device. A penetrating portion of the operating rod
11 at the non-earthed metal vacuum chamber 1 is sealed
with a sealing means 13 such as a bellows.
[0015] The fixed contacts 3 of the interrupters 2 are
supported by the respective fixed holders 14, 15, which
are electro-conductive. The fixed holders 14, 15 are pro-
truded from the non-earthed metal vacuum chamber 1
through the terminal plates 7 to outside of the non-
earthed metal vacuum chamber so that they become
main circuit terminals for electrically connecting with an
external circuit, i.e. a bus terminal and a load terminal.
One fixed holder 14 (bus terminal) is, in this example,
connected with an alternating current power source 16
and inductance 17 of the network. The other fixed holder
15 (load terminal) is connected with load 18 and a neutral
point 19.
[0016] Condensers 20, 20 are connected between the
one fixed holder 14 (bus terminal) and the other fixed
holder 15 (load terminal); an intermediate point of the

condensers 20, 20 is connected to the non-earthed metal
vacuum chamber 1. The condenser 20, 20 are constitut-
ed by static capacitors, in this example. Accordingly, an
intermediate potential between the bus terminal 14 and
the load terminal 15 is imparted to the non-earthed metal
vacuum chamber 1.
[0017] The outer peripheries of the non-earthed metal
vacuum chamber 1, dielectric cylinders 5, terminal plates
7, fixed holders 14, 15 and condensers 20, 20 are cov-
ered with insulating mold 21. Further, the outer periphery
of the insulating mold 21 is covered with an earth layer
22 for preventing charging up.
[0018] An example of a mounting method of the con-
densers 20, 20 is explained by reference to Fig. 2. Fig.
2 shows a perspective view of the dielectric cylinders 5
viewed from the bottom where the insulating mold 21 and
the earth layer 22 are omitted. In this figure, the same
reference numerals as those in Fig. 1 denote the same
components. Condensers 20, 20 being static capaci-
tance are arranged in such a manner that they are slightly
dislocated outwardly in an opposite direction from the
intermediate positions of the dielectric cylinders 5. The
one end of the condensers 20, 20 being static capaci-
tance is connected to the non-earthed metal vacuum
chamber 1 and the other end is connected to the end
plates 7 by means of lead conductors 23.
[0019] According to the above-mentioned structure,
the condensers 20, 20 being static capacitance are
mounted so that they are connected to the intermediate
position between the bus terminal and the non-earthed
metal vacuum chamber 1. Further, since the condensers
20, 20 are arranged in such a manner that they are slightly
dislocated outwardly at the intermediate point of the two
dielectric cylinders, integration density is increased.
[0020] Next, operation of the first embodiment of the
switchgear of the present invention will be explained by
reference to Figs. 1 and 2.
[0021] In the first embodiment, the bus terminal 14 is
connected with the alternating current power source 16
and the inductance 17 of the network and the load ter-
minal 15 is connected with a load 18. In the normal state,
the two interrupters 2 are closed and electric power is
supplied through the interrupters 2 at the power source
side and the load side from the alternating current power
source 16 to the load 18.
[0022] During this state, potentials at the bus terminal
14 and the load terminal 15 are equally 100 % (power
source potential), and the potential of the non-earthed
metal vacuum chamber 1 becomes 100 %, too.
[0023] When ground A occurs between the load termi-
nal 15 and the load 18 at this state, fault current flows
from the alternating current power source 10 towards the
occurrence point of the ground A. As a result, the potential
of the bus terminal 14 and the load terminal 15 decreases
to almost 0 % (earth potential).
[0024] When the both interrupters 2 are opened by de-
tecting fault current with a protection relay, fault current
is interrupted at current zero point so that potential of the
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bus terminal rises to 100 %, but potential of the load ter-
minal 15 stays at approximately 0 %. At this time, poten-
tial of the non-earthed metal vacuum chamber becomes
50 %, which is divided to potential difference between
the bus terminal 15 and the load terminal 14 and is born
by condensers 20 as the static capacitance.
[0025] On the other hand, potential of the moving hold-
er 8, connecting conductor 9 and moving contact 4, which
are electrically connected to one another, is determined
by static reactance between the fixed contacts 3 and the
non-earthed metal vacuum chamber 1; since the latter
is larger than the former, the potential of moving holder
(8), connecting conductor (a) and moving contact (4) are
drawn to the 50% potential sop that instability of the elec-
tric insulation strength is eliminated.
[0026] As a result, a voltage divided ratio between the
interrupter 2 at the power source side connected to the
bus terminal 14 and the interrupter 2 at the load side
connected to the load terminal 15 is approximately 1:1,
whereby the potential stress imparted to each of the in-
terrupters is alleviated to thereby improve interrupting
ability of the interrupters 2.
[0027] According to the first embodiment of the present
invention, since the potential of the non-earthed metal
vacuum chamber can be controlled by connecting the
condenser 20 to the non-earthed metal vacuum chamber
1, the instability of the insulating performance is eliminat-
ed. As a result, the interrupting ability of the interrupters
2 can be improved.
[0028] Further, since the voltage divided ratios of the
plural interrupters 2 are improved, potential stress im-
parted on each of the interrupters 2 is alleviated. As a
result, a gap between the contacts can be made small,
and the switchgear can be downsized. Further, since it
is possible to reduce a interruption speed of the moveable
side of the interrupters 2, a cost of the switchgear can be
made small.
[0029] In addition to the above, the control of the po-
tential of the non-earthed metal vacuum chamber 1 leads
to an advantage to eliminate instability of the electrical
insulation performance.
[0030] Fig. 3 shows a vertical cross sectional view of
a second embodiment of a switchgear of the present in-
vention, which will bring about the similar advantages as
does the first embodiment. In Fig. 3, the same reference
numerals as in Fig. 1 denote the same components as
in Fig. 1; detailed explanations thereof are omitted.
[0031] In this embodiment, condensers 20A and resis-
tor 20B are connected in parallel between circuit termi-
nals b14, 15, i.e. between the bus terminal 14 and the
load terminal 15. The impedance is constituted by the
capacitor 20A or resistor 20B.
[0032] In this embodiment, advantages similar to those
of the first embodiment will be obtained. Further, when
time-constants of the static capacitor 20 A and resistor
20B are optimized, it is possible to expand a controllable
frequency area of the non-earthed metal vacuum cham-
ber until a low frequency area.

[0033] Fig. 4 shows a vertical cross sectional view of
a third embodiment of a switchgear of the present inven-
tion. In Fig. 4, the same reference numerals as in Fig. 1
denote the same components as in Fig. 1; detailed ex-
planations thereof are omitted.
[0034] In this embodiment, the impedance 20 such as
non-linear resistor 20C is connected between the circuit
terminals, i.e. bus terminal 14 and the load terminal 15.
[0035] According to this embodiment, since potential
stresses imparted on each interrupter 2 does not exceed
a varister voltage of the non-linear resistor 20C, it is pos-
sible to prevent a progress of electrical breakdown of one
pole to a two pole series electrical breakdown between
the circuit terminals in the same phase, the breakdown
at the contacts of one interrupter 2 being followed by
another breakdown triggered at the other contacts of the
other interrupter 2. Accordingly, the advantages of the
above-described embodiments are obtained.
[0036] Fig. 5 shows a vertical cross sectional view of
a fourth embodiment of the switchgear of the present
invention.
[0037] The same reference numerals as those in Fig.
1 denote the same components as in Fig. 1; detailed
explanations thereof are omitted.
[0038] In this embodiment, condensers 20 connected
to circuit terminals of which intermediate point is connect-
ed to the non-earthed metal vacuum chamber 1 and the
condensers 20 connected between the non-earthed met-
al vacuum chamber 1 and the earth layer 22 are ar-
ranged.
[0039] In this embodiment, advantages similar to those
of the previous embodiments are obtained.
[0040] Although in the above embodiment, the imped-
ance such as condensers, resistors, linear resistors or
non-linear resistors condensers 20 are inserted into the
insulating mold 21, it is possible to take out the imped-
ance 20 from the insulating mold 21 and dispose the im-
pedance 20 outside the insulating mold 21.

Claims

1. A switchgear having interrupters (2) wherein at least
two moving contacts (4) are capable of being open
and close with respect to respective fixed contacts
(3) which comprises a non-earthed metal vacuum
chamber (1) enclosing the interrupters (2) therein,
each interrupter (2) being disposed in a dielectric
cylinder (5), a terminal plate (7) being disposed at
the fixed contact side of the dielectric cylinders (5),
a connection conductor (9) for connecting the mov-
ing contacts (4), an operating rod (11) connected to
the connecting conductor (9) by means of an insu-
lator (10), and protruding from the non-earthed metal
vacuum chamber (1), a sealing means (13) for seal-
ing the protrusion of the operating rod (11) at the
non-earthed metal vacuum chamber (1), circuit ter-
minals (14,15) protruding from the non-earthed vac-

5 6 



EP 1 858 044 B1

5

5

10

15

20

25

30

35

40

45

50

55

uum chamber (1) through the terminal plates (7), an
insulating mold (21) covering the outer peripheries
of the non-earthed metal vacuum chamber (1), the
dielectric cylinders (5), the terminal plates (7) and
circuit terminals (14, 15), an earth layer surrounding
an outer periphery of the insulating mold, charac-
terised in that a potential control means including
an impedance element (20) for eliminating instability
of electric insulating ability is connected between the
circuit terminals (14,15), a physical intermediate
point of the potential control means being connected
to the non-earthed metal vacuum chamber (1) for
controlling the potential of the non-earthed metal
vacuum chamber and the moving contacts (4).

2. The switchgear according to claim 1, wherein the
potential control means includes an impedance ele-
ment (20) selected from a group of a condenser, a
resistor, a linear resistor and a non-linear resistor.

3. The switchgear according to claim 1, wherein the
potential control means includes a condenser and a
resistor both being connected in parallel.

4. The switchgear according to claim 1, which further
comprises a second potential control means, con-
nected to the earth layer at the intermediate point.

5. The switchgear according to claim 4, wherein the
second potential control means includes at least one
member selected from the group consisting of a con-
denser, a non-linear resistance and linear resist-
ance.

6. The switchgear according to claim 2, wherein the
non-linear resistor has a varister voltage.

7. The switchgear according to claim 5, wherein the
non-linear resistor has a varister voltage.

Patentansprüche

1. Schaltvorrichtung mit Unterbrechern (2), worin zu-
mindest zwei bewegliche Kontakte (4) in Bezug auf
dazugehörige fixe Kontakte (3) offen und geschlos-
sen sein können, die eine nicht ungeerdete Metall-
vakuumkammer (1), die die Unterbrecher (2) darin
enthält, wobei jeder Unterbrecher (2) in einem die-
lektrischen Zylinder (5) angeordnet ist, wobei eine
Anschlussplatte (7) auf der Seite des fixen Kontaktes
des dielektrischen Zylinders (5) angeordnet ist, ei-
nen Verbindungsleiter (9) zum Verbinden der be-
weglichen Kontakte (4), einen Betätigungsstange
(11), der über einen Isolator (10) mit dem Verbin-
dungsleiter (9) verbunden ist und sich von der un-
geerdeten Metallvakuumkammer (1) weg erstreckt,
ein Dichtungsmittel (13) zum Dichten des Vor-

sprungs des Betätigungsstabes (11) an der ungeer-
deten Vakuumkammer (1), Schaltkreisanschlüssen
(14, 15), die sich von der ungeerdeten Vakuumkam-
mer (1) durch die Anschlussplatten (7) hindurch er-
strecken und eine Isolierungsschalung (21), die den
Außenumfang der ungeerdeten Metallvakuumkam-
mer (1), die dielektrischen Zylinder (5), die An-
schlussplatten (7) und Schaltkreisanschlüsse (14,
15) abdeckt, umfasst, wobei eine Erdungsschicht ei-
nen Außenumfang der Isolierungsschalung umgibt,
dadurch gekennzeichnet, dass ein Potentialsteu-
ermittel, das ein Impedanzelement (20) zum Besei-
tigen der Instabilität elektrischer Isolierfähigkeit um-
fasst, zwischen die Schaltkreisanschlüsse (14, 15)
geschaltet ist, wobei ein physischer Zwischenpunkt
des Potentialsteuermittels mit der ungeerdeten Me-
tallvakuumkammer (1) zum Steuern des Potentials
der ungeerdeten Vakuumkammer und der bewegli-
chen Kontakte (4) verbunden ist.

2. Schaltvorrichtung nach Anspruch 1, worin das Po-
tentialsteuermittel ein Impedanzelement (20) um-
fasst, das von einer Gruppe bestehend aus einem
Kondensator, einem Widerstand, einem linearen Wi-
derstand und einem nicht linearen Widerstand aus-
gewählt ist.

3. Schaltvorrichtung nach Anspruch 1, worin das Po-
tentialsteuermittel einen Kondensator und einen Wi-
derstand umfasst, die beide parallel geschaltet sind.

4. Schaltvorrichtung nach Anspruch 1, die ferner ein
zweites Potentialsteuermittel umfasst, das an dem
Zwischenpunkt mit der Erdungsschicht verbunden
ist.

5. Schaltvorrichtung nach Anspruch 4, worin das zwei-
te Potentialsteuermittel zumindest ein Element aus
der Gruppe bestehend aus einem Kondensator, ei-
nem nicht linearen Widerstand und einem linearen
Widerstand ausgewählt ist.

6. Schaltvorrichtung nach Anspruch 2, worin der nicht
lineare Widerstand eine Varistorspannung aufweist.

7. Schaltvorrichtung nach Anspruch 5, worin der nicht
lineare Widerstand eine Varistorspannung aufweist.

Revendications

1. Appareillage de commutation comprenant des inter-
rupteurs (2), dans lequel au moins deux contacts
mobiles (4) peuvent être ouverts et fermés par rap-
port aux contacts fixes (3) respectif, lequel comporte
une chambre à vide d’un métal non mis à la terre (1)
enfermant les interrupteurs (2) dans celle-ci, chaque
interrupteur (2) étant disposé dans un cylindre dié-
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lectrique (5), une plaque à bornes (7) étant disposée
au niveau du côté du contact fixe des cylindres dié-
lectriques (5), un conducteur de connexion (9) pour
connecter les contacts mobiles (4), une tige de com-
mande (11) connectée au conducteur de connexion
(9) par l’intermédiaire d’un isolant (10), et faisant
saillie à partir de la chambre à vide d’un métal non
mis à la terre (1), des moyens d’étanchéité (13) pour
rendre étanche la partie saillante de la tige de com-
mande (11) au niveau de la chambre à vide d’un
métal non mis à la terre (1), des bornes du circuit
(14, 15) faisant saillie à partir de la chambre à vide
non mise à la terre (1) à travers les plaques à bornes
(7), un moule isolant (21) recouvrant les périphéries
externes de la chambre à vide d’un métal non mis à
la terre (1), des cylindres diélectriques (5), des pla-
ques à bornes (7) et des bornes de circuit (14, 15),
une couche de terre entourant une périphérie exter-
ne du moule isolant, caractérisé en ce que des
moyens de commande de potentiel comprenant un
élément d’impédance (20) pour éliminer l’instabilité
de la capacité d’isolation électrique sont reliés entre
les bornes de circuit (14, 15), un point intermédiaire
physique des moyens de commande de potentiel
étant connecté à la chambre à vide d’un métal non
mis à la terre (1) pour commander le potentiel de la
chambre à vide d’un métal non mis à la terre et des
contacts mobiles (4).

2. Appareillage de commutation selon la revendication
1, dans lequel les moyens de commande de potentiel
comprennent un élément d’impédance (20) choisi
parmi un groupe constitué d’un condensateur, d’une
résistance, d’une résistance linéaire et d’une résis-
tance non linéaire.

3. Appareillage de commutation selon la revendication
1, dans lequel les moyens de commande de potentiel
comprennent un condensateur et une résistance
étant tous deux montés en parallèle.

4. Appareillage de commutation selon la revendication
1, qui comporte en outre des seconds moyens de
commande de potentiel reliés à la couche de terre
au niveau du point intermédiaire.

5. Appareillage de commutation selon la revendication
4, dans lequel les seconds moyens de commande
de potentiel comprennent au moins un élément choi-
si parmi le groupe constitué d’un condensateur,
d’une résistance non linéaire et d’une résistance li-
néaire.

6. Appareillage de commutation selon la revendication
2, dans lequel la résistance non linéaire a une ten-
sion de varistance.

7. Appareillage de commutation selon la revendication

5, dans lequel la résistance non linéaire a une ten-
sion de varistance.
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