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(54) Release mechanism for circuit interrupting device

(57) The object of the present invention is a release
mechanism (1) for a circuit interrupting device (2) com-
prising a ferromagnetic main frame (5) through which can
flow a current (I) and a ferromagnetic movable element
(6) designed to be translated in an opening (9) of the
main frame (5) between a first position in which the circuit
interrupting device (2) is closed and a second position in
which the circuit interrupting device (2) is open. The re-
lease mechanism further comprises a spring (18) de-
signed to maintain the movable element (6) in its first
position and is designed to use the flux (B) generated
inside the main frame (5) by the current (1) flowing through
it to displace the movable element (6) between its first
and second positions. The release mechanism further
comprises at least one electromagnet (19, 20) acting on
a ferromagnetic core (23, 24) to displace it between an
on and an off position corresponding to the electromag-
net (19, 20) being on respectively off. The said core (23,
24) is connected to mechanical means (22, 25, 26, 17)
arranged to compress or stretch the spring (18) depend-
ing on the position of the core (23), so that the force (F)
on the movable element (6) due to spring (18) is adjusted,
respectively increased or decreased, by switching the
electromagnet on or off.
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Description

[0001] The present invention pertains to a release
mechanism to be used in a circuitinterrupting device such
as a circuit breaker and in particular in a DC (direct cur-
rent) circuit interrupting device.

[0002] Such circuit interrupting devices comprise a
fixed contact element cooperating with amovable contact
element. Under normal conditions these elements are in
contact with each other and current in a main circuit is
conducted between the elements. When breaking the
current, the physical distance between these contact el-
ements is increased by means of an electromechanical
release mechanism.

[0003] The release mechanism opens the circuit inter-
rupting device when a defined current through the circuit
interrupting device is exceeded. These are usually pas-
sive mechanisms to offer the highest level of protection,
and operate even on loss of the auxiliary supply voltage.
In order to obtain this operation most release mecha-
nisms use the magnetic field created by the current in
the main circuit to activate a mechanical or magnetic trip
system which opens the circuit interrupting device.
[0004] More precisely, a known release mechanism
100, as illustrated for example in figures 2a and 2b, usu-
ally comprises a main frame 101 and a movable element
102 designed to be displaced with respect to the main
frame 101 between a first position in which the circuit
interrupting device is closed and a second position in
which the circuit interrupting device is open. The release
mechanism 100 further comprises a spring 103 connect-
ed at one end to the movable element 102 and at the
other end to the main body of the circuit interrupting de-
vice. The spring 103 exerts a spring force F¢ on the mov-
able element 102 which tends to maintain said movable
element 102 in its first position.

[0005] When a current | flows in the main circuit and
through the release mechanism 100, it creates a mag-
netic flux B4 flowing inside the main frame 101 and the
movable element 102. The direction of the magnetic flux
B4 depends on the direction of the current I: in figure 2b,
the current | is perpendicular to the plane of the paper
and directed towards the table, hence the magnetic flux
B, is then flowing clockwise inside the main frame 101
and the movable element 102. The said main frame 101
and movable element 102 are conformed so that the
magnetic flux B, creates a force Fgz on the movable ele-
ment 102 which tends to displace said element 102 into
its second position. When the current | is great enough
for the force Fg to be greater than the spring force Fg,
thenthe movable element 102 is displaced into its second
position thus opening the circuit interrupting device.
[0006] This limit value the current | has to exceed for
the release mechanism 100 to open the circuit interrupt-
ing device is then determined by the value of the spring
force Fq. Usually, the said spring force Fg is adjustable
by stretching or compressing the spring 103 using some
adjusting means, like for example a screw 104. A grad-
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uation 105 can even be provided indicating the tension/
compression of the spring 103 and thus the limit value
of the release mechanism 100.

[0007] Such known release mechanism have some
advantages: they operate according to the same condi-
tion (limit value) in both directions of the current | and the
said condition is slightly adjustable. However, to adjust
the spring force and the limit value, it is needed to totally
break the current in the main circuit to which the circuit
interrupting device is connected and to access physically
the release mechanism and actuate the adjusting means.
[0008] There is therefore a need for a release mech-
anism for a circuit interrupting device which allows re-
mote adjusting of the limit value for opening the circuit
interrupting device without first breaking the current in
the main circuit.

[0009] One objectof the presentinvention is to provide
an improved design of a release mechanism for an elec-
tromechanical circuit interrupting device which elimi-
nates the inconveniences of the known mechanism.
[0010] The object of the present invention is a release
mechanism for a circuit interrupting device comprising a
ferromagnetic main frame through which can flow a cur-
rent and a ferromagnetic movable element designed to
be translated in an opening of the main frame between
a first position in which the circuit interrupting device is
closed and a second position in which the circuit inter-
rupting device is open; a spring designed to maintain the
movable element in its first position, the said release
mechanism designed to use the flux generated inside
the main frame by the current flowing through it to dis-
place the movable element between its first and second
positions, characterised in that it further comprises at
least one electromagnet acting on a ferromagnetic core
to displace it between an on and an off position corre-
sponding to the electromagnet being on respectively off;
the said core being connected to mechanical means ar-
ranged to compress or stretch the spring depending on
the position of the core, so that the force on the movable
element due to spring is adjusted, respectively increased
or decreased, by switching the electromagnet on or off.
[0011] Another object of the present invention is a cir-
cuit interrupting device comprising such a release mech-
anism.

[0012] Other features, objects, uses and advantages
of this invention will be apparent from the dependent
claims and from the description which follows with refer-
ence to the accompanying drawings forming part thereof
and wherein:

Figure 1 shows a circuit interrupting device incorpo-
rating an electromechanical release mechanism ac-
cording to the invention.

Figures 2a and 2b, previously described, illustrate
an example of a prior art release mechanism.
Figure 3ais a partial view of the release mechanism
according to the invention and figure 3b is a sectional
view of the release mechanism shown in figure 3a
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along a plane parallel to the axis llI-lll and to the
plane of the release mechanism.

Figure 4 illustrate the release mechanism according
to the invention in a normal mode.

Figure S illustrate the release mechanism according
to the invention in a first secured mode.

Figure 6 illustrate the release mechanism according
to the invention in a second secured mode.

[0013] The release mechanism 1 according to the
presentinventionis designedtobe usedinaconventional
circuitinterrupting device 2, such as a high voltage circuit
breaker. For example, such a circuit interrupting device
2 is illustrated in figure 1 and traditionally comprises a
circuit power line 3, a stationary contact element and a
movable contact element (the contact elements are not
visible on the figures).

[0014] When the two contact elements are in contact
with each other the current is conducted through the cir-
cuit power line 3 and through the circuit interrupting de-
vice 2. In this relative position of the contact elements,
the circuit interrupting device is said to be closed.
[0015] The release mechanism 1 according to the in-
vention is designed to use the current flowing through
the circuit interrupting device to activate an electrome-
chanical trip system to move the movable contact ele-
ment away from the stationary contact element and thus
opening the circuit interrupting device 2 and interrupting
the current.

[0016] For the sake of completeness, the circuit inter-
rupting device 2 further comprises a blow-out device
and/or an arc extinguishing chamber 4 to extinguish the
electric arc created between the two separated contact
elements when the circuit interrupting device is opened
to totally interrupt the current. These components are
well known to the person of ordinary skill in the art and
won'’t be further described.

[0017] The release mechanism 1 according to the in-
vention is illustrated in details in figures 3a and 3b.
[0018] Therelease mechanism comprises aferromag-
netic main frame 5 having the shape of a polygonal open
ring and designed to surround the circuit power line 3 so
that said line goes through the main frame 5. As it is an
openring, the main frame 5 presents a first and a second
extremity 7, 8 defining between them an opening 9. The
main frame 5 is rigidly fixed in a suitable way to the main
body 10 of the circuit interrupting device 2 comprising
the release mechanism 1.

[0019] Preferably, the main frame 5 is made by stack-
ing layers of thin ferromagnetic laminations (not shown
in the drawings for clarity reasons). For example, these
laminations are made of silicon steel for its good magnetic
properties and are 0.5 mm thick. Each lamination is in-
sulated from its neighbours by a thin non conducting layer
of insulating coating.

[0020] This type of construction for a release mecha-
nism is well known. In particular, it is well known that the
effect of the laminations is to reduce the magnitude of
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eddy currents in the main frame 5. As for the number and
the thickness of the laminations, it is also well known that
thinner laminations further reduce the losses due to eddy
currents but are more laborious and expensive to con-
struct.

[0021] The mainframe 5furthercomprisesatraversing
bore 11 essentially perpendicular to the longitudinal axis
of the circuit power line 3 (hence parallel to the axis llI-
IIl'in figure 3a). An axle 12 extends freely through said
bore 11 and through the opening 9. On said axle 12, is
mounted the movable element 6. Said axle 12 and mov-
able element 6 are designed to be translated along their
longitudinal axis (the axis IlI-1ll in figure 3a), with respect
to the main frame 5.

[0022] On a first extremity 12a of the axle 12 is ar-
ranged an abutment 14. Preferably, the position of the
said abutment 14 on the axle 12 is determined and can
be adjusted by suitable first adjusting means. For exam-
ple, in the described embodiment, the said first adjusting
means comprise a first nut 15 and a first locknut 16.
[0023] The second extremity 12b of the axle 12 is con-
nected in a known way to the movable contact element
of the circuit interrupting device 2 so that any displace-
ment of the movable element 6 leads to a displacement
of the movable contact element.

[0024] The movable element 6 can be translated in the
opening 9 with respect to the main frame 5 between two
positions: afirst position, illustrated in the figures, in which
the movable contact element 6 is in contact with the sta-
tionary contact element and thus the circuit interrupting
device 2 is closed, allowing the current to flow through it
and a second position in which the contact elements are
space apart and the circuit interrupting device 2 is open,
interrupting the current in the circuit power line 3.
[0025] Asinatraditional release mechanism, the main
frame 5 and the movable element 6 are conformed so
that a magnetic flux flowing inside the main frame 5 and
the movable element 6 will create a force on the movable
element that tends to displace the latter into its second
position. For example, as illustrated in the figures, the
movable element 6 is a cone with the opening 9 (and the
extremities 7, 8 of the main frame 5) having a comple-
mentary shape. In the figures, a magnetic flux flowing
inside the main frame 5 and the movable element 6 will
create a force that is upwardly directed, whatever the
direction of the said flux. Obviously, other shapes are
possible for the movable element 6 and the main frame 5.
[0026] The bore 11 is further adapted to receive a tube
17. The said tube 17 is designed to move freely in the
bore 11 with respect to the main frame 5 and the axle
12. At one of its extremity 16a, the tube 16 is open and
wide enough for the abutment 14 and the first adjusting
means 15, 16 to enter the said tube.

[0027] Inside the tube 17 is placed a spring 18 having
its first end 18a fixed to the other extremity 17b of the
tube 17 and its second end 18b resting against the abut-
ment 14. The spring 18, the abutment 14, the axle 12
and the movable element 6 are designed so that the said
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spring 18 exerts aforce F;onthe axle 12 and the movable
element 6 directed along said axle 12 and tending to
maintain the said movable element 6 in its first position.
In the figures, the force Fg is downwardly directed.
[0028] Therefore, when a current | is flowing through
the circuit power line 3, it creates a magnetic flux B4 flow-
ing inside the main frame 5 and the movable element 6.
This magnetic flux B, creates in turn a force Fg, upwardly
directed in the figures, that tends to move the movable
element 6 into its second position. If the current | keeps
increasing (for example in case of a short circuit) and
exceeds some limit value where the force Fg is greater
than the force Fg due to spring 18, then the movable
element 6 will be displaced into its second position, thus
opening the circuit interrupting device 2. This limit value
depends then on the spring 18 and the force Fq due to
the said spring.

[0029] The main aim of the present invention is to pro-
vide a release mechanism for which this limit value can
be easily remotely adjusted without first breaking the cur-
rent in the main circuit.

[0030] Therelease mechanismaccordingtotheinven-
tion comprises at lease one electromagnet but preferably
a first and a second electromagnets 19, 20 (hereafter
EM19 and EM 20). These electromagnets 19, 20 are pref-
erably rigidly fixed on the main body 10 of the circuit in-
terrupting device 2. These two electromagnets 19, 20 are
powered by an auxiliary power circuit and remotely con-
trolled. The said auxiliary circuit and controlling means
are well known to the person of ordinary skill in the art
and won't be further described.

[0031] The said electromagnets 19, 20 are arranged
to act on a rod 22 and displace it between preferably
three following positions each depending on whether
each electromagnet 19, 20 is powered or not:

@ a minimal position determined by both the elec-
tromagnets 19, 20 being powered (EM19:0n ; EM20:
on);

@ an intermediate position determined by the first
electromagnet 19 being powered but the second
electromagnet 20 being off (EM19:0n ; EM20:0ff),
and;

@ a maximal position determined by both the elec-
tromagnets 19, 20 being off (EM19:0ff; EM20:0ff).

[0032] The movements of the rod 22 are transmitted
to the tube 17 so that the said tube 17 is translated along
its longitudinal axis when the rod 22 is displaced. Due to
the configuration of the spring 18 inside the tube 17, each
displacement of the said tube along its longitudinal axis
induces compression or stretching of the spring 18 de-
pending on the direction of the movement. As illustrated
in the figures, when the tube 17 is moved downwardly,
the spring 18 is compressed and the force Fg on the axle
12 and the movable element 6 becomes greater, while
when the tube 17 is moved upwardly, the spring 18 is
stretched and the force F decreases.
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[0033] Therefore, to each position of the rod 22 corre-
sponds a position of the tube 17. Said positions of the
tube 17 determine each a value of the force Fg due to
the spring 18 and so a limit value the current | has to
exceed for the release mechanism to open the circuit
interrupting device 2. So, by just switching on or off the
electromagnets 19, 20, one can select a limit value for
the release mechanism. This can be done remotely and
even when a current | is flowing through the circuit inter-
rupting device 2. Moreover the operation is instantane-
ous.

[0034] An embodiment of the electromagnets 19, 20,
the rod 22 and the transmission of the movement of the
rod 22 to the tube 17 will now be described in detail in
reference to figures 4 to 6.

[0035] Preferably, the first electromagnet 19is stacked
upon the second electromagnet 20 along an axis A par-
allel to the axle 12. The first electromagnet 19 acts on a
first core 23 so thatthe said core 23 is displaced upwardly
along the axis A into an on position when the first elec-
tromagnet 19 is powered on. When the first electromag-
net 19 is switched off, the said first core 23 is then dis-
placed downwardly along the axis A into an off position.
The second electromagnet 20 acts in turn on a second
core 24 so that said core 24 is displaced upwardly along
the axis A into an on position when the said second elec-
tromagnet 20 is on. The first and second cores 23, 24
are made of ferromagnetic material.

[0036] The rod 22 is parallel to the axis A and is tra-
versing each of the electromagnets 19, 20 and the cores
23, 24. The said rod 22 can be freely translated along
the axis A with respect to the electromagnets 19, 20 and
the first core 23 of the first electromagnet 19. The second
core 24 of the second electromagnet 20 is rigidly fixed
on the said rod 22. A protuberance 25 is set on the rod
22 above the first core 23 of the first electromagnet 19
and is shaped so that it cannot pass through the said first
core 23.

[0037] Theelectromagnets 19, 20, their respective first
and second cores 23, 24, therod 22 and the protuberance
25 are arranged so that:

® when both electromagnets 19, 20 are powered
(EM19:0n ; EM20:0n) as illustrated on figure 4 (pow-
er is schematically represented by a lightning bolt),
their respective cores 23, 24 are in their respective
on position and the rod 22 is in its minimal position;
® when the first electromagnet 19 is kept on but the
second electromagnet 20 is switched off as illustrat-
ed on figure 5 (EM19:0n ; EM20:0ff), the first core
23 of the first electromagnet 19 remains in its on
position while the second core 24 of the second elec-
tromagnet 20 is now free to move downwardly along
the axis A. The said second core 24 and the rod 22
are stopped by the protuberance 25 coming into con-
tact with the first core 23. The protuberance 25 de-
termines then the intermediate position of the rod 22.
® When both electromagnets 19, 20 are switched
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off as illustrated in figure 6 (EM19: off;, EM20: off),
the first core 23 is moved into its off position. As the
protuberance 25 is resting against said first core 23,
the rod 22 is further moved downwardly into its max-
imal position.

[0038] The rod 22 is connected to a first end 26a of a
lever 26 pivotably mounted on the main body 10 of the
circuit interrupting device 2. Preferably, the rod 22 is con-
nected to the lever 26 by means of second adjusting
means 27, comprising for example a bottom locknut 28
and an upper locknut 29. The second end 26b of the lever
26 is connected to the tube 17 so that each movement
of the rod 22 due to the electromagnets 19, 20 is trans-
mitted to the tube 17 and the spring 18 by the lever 26.
[0039] Asillustrated in figure 4, the components of the
release mechanism according to the invention previously
described are arranged so that when the rod 22 is in its
minimal position, the compression of the spring 18 is
maximal and therefore the force F4 of the spring 18 on
the abutment 14, the axle 12 and the movable element
6 is maximal. In this configuration of the release mech-
anism 1, hereafter referred to as the normal mode (EM19:
on; EM20: on), the current | has to exceed a first limit
value for the said release mechanism 1 to open the circuit
interrupting device 2. The said first limit value is deter-
mined as the intensity of the current | needed for the force
Fg due to the magnetic flux B generated by the current |
inside the main frame 5 and the movable element 6 to
be greater than the force F due to the spring 18.
[0040] Figure 5 illustrates the configuration of the re-
lease mechanism 1 with the rod 22 being in its interme-
diate position. In this configuration of the release mech-
anism 1, hereafter referred to as the first secured mode
(EM19:0n; EM20: off), the compression of the spring 18
is lesser than in the normal mode and so is the force F.
The current | has to exceed a second limit value for the
said release mechanism 1 to open the circuit interrupting
device 2, with said second limit value being lower that
the first limit value.

[0041] Finally, the last configuration of the release
mechanism 1 according to the described embodiment
and hereafter referred to as the second secured mode
(EM19: off; EM20: off), is illustrated in figure 6. In this
configuration, the spring 18 is the least compressed,
hence the force F; is the smallest. The current | has to
exceed a third limit value for the said release mechanism
1 to open the circuit interrupting device 2, with said third
limit value being lower that the second limit value.
[0042] The first, second and third limit values are co-
dependent. In the described embodiment of the release
mechanism according to the invention, the said limit val-
ues can be set as follow.

[0043] Inthe second secured mode, with both electro-
magnets 19, 20 off, one can adjust the compression of
the spring 18 via the first adjusting means, more precisely
the first nut 15 and the first locknut 16. By screwing or
unscrewing the said adjusting means on the axle 12, the
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position of the abutment 14 on the said axle 12 can be
set and so the compression of the spring 18. Preferably,
the tube 17 comprises a scale helping the user adjust
the compression of the spring 18. For example, the com-
pression of the spring 18 can be adjusted so that in this
second secured mode, the release mechanism 1 opens
the circuit interrupting device when a current | flowing
through it exceeds 1500 A.

[0044] After setting the third limit value, one can switch
on the first electromagnet 19 and adjust the second limit
value and the compression of the spring 18 using the
second adjusting means 27 that adjusts the relative po-
sition of the rod 22 and the lever 26.

[0045] Finally, one can switch the second electromag-
net 20 on and adjust the first limit value by the same
procedure that the second.

[0046] It is therefore provided a release mechanism
for a circuitinterrupting which allows easily, remotely and
instantaneously switching between at least two opera-
tional modes each characterised by a different limit value
the current has to exceed for the release mechanism to
open the circuit interrupting device. The switching can
happen any time even when current is flowing through
the release mechanism and the circuit interrupting de-
vice. The said operational modes can preferably be ad-
justed by the user. Moreover, the described construction
is easy and not space consuming. It can be for example
easily fit into a previously designed circuit interrupting
device.

[0047] Of course, the embodiment described above is
in no way limiting and can be the subject of all desirable
modifications within the framework defined by the claims.
[0048] Therelease mechanism accordingtotheinven-
tion could comprise only one electromagnet acting on
the rod 22 it between at least two positions whether it's
on or off, the said at least two positions of the rod 22
determining corresponding positions of the spring 18 and
hence limit values for the release mechanism.

[0049] Itis clear that as a variant of the described em-
bodiment, the rod and/or the lever could be replaced by
any suitable mechanical means actuated by the electro-
magnet(s) and arranged to displace the tube along its
axis between at least two positions determining two lev-
els of compression of the spring 18 inside the tube 17.

Claims

1. Release mechanism (1) for a circuit interrupting de-
vice (2) comprising a ferromagnetic main frame (5)
through which can flow a current (I) and a ferromag-
netic movable element (6) designed to be translated
in an opening (9) of the main frame (5) between a
first position in which the circuit interrupting device
(2)is closed and a second positionin which the circuit
interrupting device (2) is open; a spring (18) de-
signed to maintain the movable element (6) in its first
position, the said release mechanism designed to
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use the flux (B) generated inside the main frame (5)
by the current (1) flowing through it to displace the
movable element (6) between its first and second
positions, characterised in that it further comprises
at least one electromagnet (19, 20) acting on a fer-
romagnetic core (23, 24) to displace it between an
on and an off position corresponding to the electro-
magnet (19, 20) being on respectively off; the said
core (23, 24) being connected to mechanical means
(22, 25, 26, 17) arranged to compress or stretch the
spring (18) depending on the position of the core
(23), so that the force (F) on the movable element
(6) due to spring (18) is adjusted, respectively in-
creased or decreased, by switching the electromag-
net on or off.

Release mechanism (1) according to claim 1, char-
acterised in that the atleast one electromagnet (19,
20) is remotely controlled.

Release mechanism (1) according to any of the pre-
ceding claims, characterised in that, the mechan-
ical means comprise a rod (22) driven by the core
(23) and a lever (26) pivotably mounted on the circuit
interrupting device (2) and connected to both the rod
(22) and the spring (28).

Release mechanism (1) according to claim 3, char-
acterised in that it comprises a first and a second
electromagnets (19; 20) each acting on a respective
core (23, 24), the core (24) of the second electro-
magnet (29) being rigidly fixed on the rod (22) and
the core (24) of the first electromagnet (19) acting
on the rod (22) by means of a protuberance (25) of
the said rod (22) abutting against said core (24, the
electromagnets (19; 20) and their cores (23, 24) be-
ing arranged so that the spring (18) is compressed
or stretched between three levels.

Circuit interrupting device (2) comprising a release
mechanism according to any one of claims 1 to 4.
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