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(54) OPERATING MECHANISM FOR ZERO VOLT COIL SPRING IN CIRCUIT BREAKER

(57) Embodiments herein provide a device (160,
260, 360, 460) for an electrical circuit. The device com-
prises a zero volt coil, ZVC, (101, 201, 301, 401), a ZVC
plunger (103, 203, 303, 403), a circuit breaking mecha-
nism (108, 208, 308, 408), a charging mechanism (130,
230, 330, 430), and a discharging mechanism (140, 240,
340, 440). The ZVC plunger is arranged to be displaced
between a charged position in which it is held by magnetic
field generated by the ZVC, and a discharged position in
which it is released by ZVC. The ZVC spring (102, 202,
302, 402) is connected to the ZVC plunger. The charging
mechanism (130, 230, 330, 430) for displacing the ZVC
spring (102, 202, 302, 402) to its charged position. The
discharging mechanism configured to be connected to
the Circuit breaking mechanism (108, 208, 308, 408) and
to be displaced by the ZVC spring and the ZVC plunger.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to cir-
cuit breaker drive mechanisms. More particularly, it re-
lates to providing multiple charging and discharging
mechanisms for a zero volt coil, ZVC, spring in a circuit
breaker.

BACKGROUND

[0002] Protection systems that include logic circuits,
sensors, relays, circuit breakers, fuses, isolators, instru-
ment transformers, and other protection devices, are pro-
vided in electrical power systems to control, protect and
isolate electrical equipment of the electrical power sys-
tems during any electrical fault. The electrical fault may
correspond to an abnormal condition in the electrical
power system, which may damage the electrical equip-
ment and disturb normal flow of electric current in the
electrical power system. The electrical fault may occur
in one or more of three phases or a power line of the
electrical power system.
[0003] During an electrical fault, an Intelligent Electron-
ic Device, IED, provided in the electrical power system
may sense occurrence of the electrical fault. Thereafter,
the lED may cause operation of a circuit breaker to protect
an electrical circuit from damage that may be caused due
to the electrical fault. For example, the electrical fault may
occur due to an overload or a short circuit in the power
line in the electrical power system. In response to detec-
tion of the electrical fault by the IED, the circuit breaker
may interrupt current flow in the power line. Once the
electrical fault is cleared, the circuit breaker may be reset
or closed to resume normal operation of the power line
and the power system, either manually or automatically.
To this end, sufficient mechanical power/potential energy
is required during an opening operation and a closing
operation of the circuit breaker.
[0004] Moreover, the potential energy required for
opening and closing operations of the circuit breaker may
be provided by an operating mechanism, such as a spring
operating mechanism/circuit breaking mechanism. The
spring operating mechanism may have potential energy
mechanically stored in springs. For example, different
spring operating mechanisms, such as BLK, BLG, MSD,
and FSA, may be used based on a rating of the power
line to be isolated or a rating of the circuit breaker.
[0005] Initially, a Zero Volt Coil, ZVC, solution was de-
veloped to adapt FSA-ZVC for BLK open latch application
in FSA1+ I Drive. In ZVC solution, the circuit breaker
comprises a ZVC, a ZVC plunger connected to the ZVC,
and a ZVC spring connected to the ZVC plunger. Avail-
able FSA-ZVC based spring operating mechanism of the
circuit breaker requires additional components/devices
such as resistor, timer, contactor, under voltage relay,
and so on, to satisfy International Organization for Stand-

ardization/International Electro technical Commission,
IEC, requirements of tripping the circuit breaker below
specified percentage of rated voltage.
[0006] However, some customers may require ZVC
solution without additional components. From feasibility
studies, it was evident that FSA-ZVC is non-suitable for
such requirements. On the other hand, BLK-ZVC satis-
fies customer requirements without additional compo-
nents. Further, BLK-ZVC requires external force to
charge the ZVC spring, whereas FSA-ZVC has inbuilt
capacity to charge the spring.

SUMMARY

[0007] Consequently, there is a need for charging and
discharging mechanisms for a ZVC spring in a device/cir-
cuit breaker that alleviates at least some of the above-
cited problems.
[0008] It is therefore an object of the present disclosure
to provide a device for an electrical circuit, which imple-
ments multiple charging and discharging mechanisms
for a ZVC spring, to mitigate, alleviate, or eliminate all or
at least some of the above-discussed drawbacks of pres-
ently known solutions.
[0009] This and other objects are achieved by means
of a device, as defined in the appended claims. The term
exemplary is in the present context to be understood as
serving as an instance, example or illustration.
[0010] According to a first aspect of the present disclo-
sure, a device for an electrical circuit is provided. The
device comprises a zero-volt coil, ZVC. The device com-
prises a ZVC plunger, which is arranged to be displaced
between a charged position in which it is held by a mag-
netic field generated by the ZVC and a discharged posi-
tion in which it is released by the ZVC. The device com-
prises a ZVC spring connected to the ZVC plunger. The
ZVC spring is operable between a charged position cor-
responding to the charged position of the ZVC plunger
and a discharged position corresponding to the dis-
charged position of the ZVC plunger. The device com-
prises a circuit breaking mechanism. The device com-
prises a charging mechanism for displacing the ZVC
spring to its charged position. The device comprises a
discharging mechanism configured to be connected to
the ZVC plunger and to be displaced by the ZVC spring
and the ZVC plunger upon discharging of the ZVC spring
and the ZVC plunger into a position in which it triggers
the circuit breaking mechanism to break the electrical
circuit. The charging mechanism comprises a plural link-
age mechanism configured to be connected in one end
to the ZVC plunger for enabling charging of the ZVC
plunger and of the ZVC spring through a pivotation of at
least one of the links of the plural linkage mechanism.
The discharging mechanism comprises a plural linkage
mechanism connected in one end to the ZVC plunger
and in an opposite end with the circuit breaking mecha-
nism. When the ZVC plunger and the ZVC spring are in
their respective charged position, there is a spacing be-
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tween at least two links of the plural linkage mechanism
of the charging mechanism or between the charging
mechanism and the ZVC plunger or between the charg-
ing mechanism and any part of the discharging mecha-
nism via which the charging mechanism is connected to
the ZVC plunger, which spacing enables the ZVC plunger
to move from its charged position to its discharged posi-
tion without being hindered by the charging mechanism
and thereby to displace the discharging mechanism to
the position in which it triggers the circuit breaking mech-
anism to break the electrical circuit.
[0011] The ZVC plunger is arranged to be displaced
between the charged position and the discharged posi-
tion as a result of a predetermined voltage reduction in
the ZVC and displaced relative to the charged position.
[0012] When in its charged position, the ZVC spring
exerts a force on the ZVC plunger in a direction in which
it strives at forcing the ZVC plunger in a direction away
from its charged position, in which the ZVC plunger is
held by the ZVC upon application of a voltage onto the
ZVC towards the discharged position of the ZVC plunger,
such that, upon application of the predetermined reduced
voltage on the ZVC. The ZVC plunger is moved in said
direction by the action of the ZVC spring to adapt its dis-
charged position, for the purpose of initiating circuit
breaking by the device.
[0013] In some embodiments, at an end of the plural
linkage mechanism of the charging mechanism, which
end is an end of the plural linkage mechanism, which is
distant from the ZVC plunger. The charging mechanism
comprises a rotary retention lever, wherein a rotation of
the retention lever causes a displacement of the links of
the plural linkage mechanism to a position in which the
ZVC plunger and the ZVC spring are in their respective
charged position and in which said spacing between at
least two links of the plural linkage mechanism is present.
[0014] Thus, the device disclosed herein implements
charging and discharging mechanisms for charging the
ZVC spring and for disengaging the plural linkage mech-
anism of the charging mechanism, thereby breaking the
electrical circuit. Advantageously, using the charging and
discharging mechanisms implemented by the device, the
ZVC spring may be charged during opening or closing
operation of the device.
[0015] Further, the charging and discharging mecha-
nisms implemented by the device may be designed by
considering one or more of: no dependency on open ori-
entation of a charging lever of the charging mechanism,
a minimum number of links in the charging mechanism,
minimum horizontal force on the ZVC plunger, and high
margin for force available to trip/break the device.
[0016] In some embodiments, the plural linkage mech-
anism of the charging mechanism comprises a charging
lever configured to be connected to the ZVC plunger and
to be releasably connected to the retention lever and a
cam element configured to be connected to the charging
lever by means of a coupler. The discharging mechanism
comprises an L-bracket connected in one end to the ZVC

plunger, a connection strip connected to the L-bracket,
and a bend bracket connected to the connection strip.
[0017] In some embodiments, during charging of the
ZVC spring and the ZVC plunger to their respective
charged position by the action of the charging mecha-
nism, the retention lever is configured to rotate by ex-
ceeding a first pre-defined threshold for causing rotation
of the charging lever and for further causing rotation of
the cam element to displace the ZVC plunger and the
ZVC spring to their respective charged position.
[0018] In some embodiments, the charging lever com-
prises a spring configured to rotate the charging lever,
when the charging lever crosses a first toggle positon
during charging of the ZVC spring and the ZVC plunger
to their respective charged position by the action of the
charging mechanism and a stopper pin configured to stop
rotation of the charging lever, when the charging lever
crosses a second toggle position during charging of the
ZVC spring and the ZVC plunger to their respective
charged position by the action of the charging mecha-
nism.
[0019] In some embodiments, when the ZVC spring is
being operated to the charged position by operation of
the charging mechanism, a pin mounted on the cam el-
ement is configured to slide inside a slot of a slotted lever
pivotally connected to the L-bracket, and the retention
lever is configured to rotate further to a position in which
said spacing exists between the retention lever and the
charging lever.
[0020] In some embodiments, upon discharging of the
ZVC spring, the discharging mechanism is configured to
disturb an equilibrium state of the circuit breaking mech-
anism and the slotted lever is configured to cause rotation
of the cam element and the charging lever.
[0021] In some embodiments, the charging mecha-
nism comprises a retention lever and a charging lever
configured to be connected to the ZVC plunger and to
be releasably connected to the retention lever. The dis-
charging mechanism comprises a connection link con-
nected in one end to the ZVC plunger, a connection strip
connected to the connection link, and a bend bracket
connected to the connection strip and to the circuit break-
ing mechanism, and wherein the charging lever is con-
nected to the ZVC plunger via the connecting link.
[0022] In some embodiments, during charging of the
ZVC spring and the ZVC plunger to their respective
charged position by the action of the charging mecha-
nism, the retention lever is configured to rotate by ex-
ceeding a first pre-defined threshold for causing rotation
of the charging lever to displace the ZVC plunger and
the ZVC spring via the connection link to their respective
charged position.
[0023] In some embodiments, during charging of the
ZVC spring and the ZVC plunger to their respective
charged position by the action of the charging mecha-
nism by a rotation of the retention lever, the retention
lever is configured to rotate back in an opposite direction
such that, when the ZVC spring is in the charged position,

3 4 



EP 4 428 893 A1

4

5

10

15

20

25

30

35

40

45

50

55

the retention lever and the charging lever are spaced
apart by said spacing.
[0024] In some embodiments, wherein, during dis-
charge of the ZVC spring, the ZVC spring is configured
to displace the plunger and the connection link, to which
the charging lever is connected, and thereby causing ro-
tation of the charging lever back to a position in which it
will be releasably connected by the retention lever upon
rotation of the retention lever to said first threshold during
a subsequent charging operation, and to further cause
the bend bracket to disturb an equilibrium state of the
circuit breaking mechanism and thereby trigger the circuit
breaking mechanism to break an electric circuit.
[0025] In some embodiments, the charging mecha-
nism comprises a retention lever, a coupler connected
to the retention lever, and an oscillator connected to the
coupler. The discharging mechanism comprises a con-
necting link connected in one end to the ZVC plunger, a
charging link connected to the connecting link, and a con-
nection strip connected in one end to the charging link,
and a bend bracket connected in one end to the connec-
tion strip and in an opposite end to the circuit breaking
mechanism. The oscillator has a charging pin, which is
connectable to the charging link and configured to push
the charging link upon a predetermined rotation of the
retention lever and thereby induce charging motion of
the ZVC plunger and the ZVC spring and wherein, after
rotation of the retention lever such that charging of the
ZVC plunger and ZVC spring is achieved, the retention
lever is configured to be rotated in an opposite direction
such that said spacing is formed between said charging
pin and the charging link.
[0026] In some embodiments, during charging of the
ZVC spring and the ZVC plunger to their respective
charged position by the action of the charging mecha-
nism, the retention lever is configured to displace the
oscillator, which is configured to push the charging link
at an end of an opening stroke for enabling the charging
link, the connecting link, and the ZVC plunger to displace
the ZVC spring and the ZVC plunger to their respective
charged position.
[0027] In some embodiments, wherein, during charg-
ing of the ZVC spring and the ZVC plunger, the charging
link, the connection strip, and the bend bracket are con-
figured to move for bringing the circuit breaking mecha-
nism to a latched condition.
[0028] In some embodiments, the charging mecha-
nism comprises a charging lever, which is spring-loaded
such that it exerts a charging force on the ZVC plunger
and wherein the charging mechanism comprises a re-
tention lever, which is configured to be rotated such that
it counteracts the spring load on the charging lever, and
wherein, after charging of the ZVC plunger and the ZVC
spring by the action of the charging lever, the retention
lever is configured to be rotated to a predetermined an-
gular position such that it pivots the charging lever to a
position in which said spacing is present between the
charging lever and the ZVC plunger.

[0029] In some embodiments, the charging mecha-
nism comprises a charging lever which is spring-loaded
such that it exerts a charging force on the ZVC plunger,
and wherein the charging mechanism comprises a re-
tention lever which is configured to be rotated such that
it counteracts the spring load on the charging lever, and
wherein, after charging of the ZVC plunger and the ZVC
spring by the action of the charging lever the retention
lever is configured to be rotated to a predetermined an-
gular position such that it pivots the charging lever to a
position in which said spacing is present between the
charging lever and the ZVC plunger.
[0030] In some embodiments, the retention lever is
configured to engage and close the circuit breaker mech-
anism upon being rotated to said predetermined angular
position, and wherein, upon discharging of the ZVC
plunger, the discharging mechanism will trigger an open-
ing of the circuit breaker mechanism, which opening will
trigger a rotation of the retention lever to an angular po-
sition in which the retention lever does not engage the
charging lever, thereby enabling the charging lever to
apply its spring force on the ZVC plunger for the charging
thereof.
[0031] In some embodiments, the charging mecha-
nism comprises the retention lever and the charging le-
ver, and a stop pin, wherein the stop pin is configured to
prevent the charging lever from pivoting beyond a point
at which remaining motion of the ZVC plunger to its
charged position is enabled by application of a predeter-
mined voltage on the ZVC. The discharging mechanism
comprises an L-bracket, a connection strip connected to
the L-bracket and a bend bracket connected to the con-
nection strip and to the circuit breaking mechanism.
[0032] In some embodiments, the device further com-
prises a torsion spring configured to apply said spring
load on the charging lever, and a spring stopper pin con-
figured to support a fixed leg of the torsion spring.
[0033] In some embodiments, during the opening op-
eration of the device, and charging of the ZVC spring and
the ZVC plunger, the charging lever is configured to dis-
place the ZVC plunger by means of the torsion spring for
displacing the ZVC spring and the ZVC plunger to their
respective charged position.
[0034] In some embodiments, during the closing oper-
ation of the device and the charging of the ZVC spring,
the retention lever is configured to rotate and interact with
the charging lever for causing the charging lever to rotate
and disengage from the ZVC plunger, wherein when the
ZVC spring is in the charged position, the retention lever
is configured to lock on the circuit breaker mechanism.
[0035] In some embodiments, wherein, when the ZVC
spring moves to its discharged position during the closing
operation of the circuit breaker, the ZVC spring is con-
figured to transfer energy to a latch catch of the circuit
breaking mechanism by means of the discharging mech-
anism and the charging mechanism for disturbing an
equilibrium of the circuit breaking mechanism and to fur-
ther release the retention lever from the circuit breaking
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mechanism.
[0036] In some embodiments, when the circuit breaker
is being operated from the closing operation to the open-
ing operation, the ZVC spring is configured to displace
the plunger for discharging mechanism to disturb an equi-
librium of the circuit breaker mechanism for tripping of
the circuit breaker.
[0037] In some embodiments, when the circuit breaker
is being tripped, the retention lever is configured to rotate
for causing rotation of the charging lever to displace the
plunger for enabling the ZVC spring to move towards the
charged position.
[0038] In some embodiments, the circuit breaker fur-
ther comprises a blockage assembly comprising a
threaded bush and is configured to lock the plunger in a
locked condition using a bolt for mechanically blocking
the ZVC spring and a microswitch configured to provide
an alert indicating that the ZVC spring is being blocked.
[0039] In some embodiments, wherein the circuit
breaker further comprises: a holder configured to be
mounted on the latch shaft, a latch link configured to be
assembled on the holder using a pin, a latch torsion
spring configured to be arranged between the holder and
the latch link and over the pin. The latch link is operated
against a torque of the latch torsion spring for manually
tripping the circuit breaker.
[0040] In some embodiments, any of the above as-
pects may additionally have features identical with or cor-
responding to any of the various features as explained
above for any of the other aspects.
[0041] Other advantages may be readily apparent to
one having skill in the art. Certain embodiments may have
some, or all of the recited advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The foregoing will be apparent from the follow-
ing more particular description of the example embodi-
ments, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts
throughout the different views. The drawings are not nec-
essarily to scale, emphasis instead being placed upon
illustrating the example embodiments.

Figs. 1A, 1B, 1C, and 1D disclose an example device
for an electrical circuit implementing a first charging
and discharging mechanism for a zero volt coil, ZVC,
spring according to some embodiments;

Figs. 2A, 2B, 2C, 2D, and 2E disclose an example
device for an electrical circuit implementing a second
charging and discharging mechanism for a ZVC
spring according to some embodiments;

Figs. 3A, 3B, and 3C disclose an example device for
an electrical circuit implementing a third charging
and discharging mechanism for a ZVC spring ac-
cording to some embodiments; and

Figs. 4A, 4B, and 4C disclose an example device for
an electrical circuit implementing a fourth charging
and discharging mechanism for a ZVC spring ac-
cording to some embodiments.

DETAILED DESCRIPTION

[0043] Aspects of the present disclosure will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings. The apparatus and methods dis-
closed herein can, however, be realized in many different
forms and should not be construed as being limited to
the aspects set forth herein. Like numbers in the drawings
refer to like elements throughout.
[0044] The terminology used herein is for the purpose
of describing particular aspects of the disclosure only and
is not intended to limit the invention. It should be empha-
sized that the term "comprises/comprising" when used
in this specification is taken to specify the presence of
stated features, integers, steps, or components, but does
not preclude the presence or addition of one or more
other features, integers, steps, components, or groups
thereof. As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.
[0045] Embodiments herein disclose a device for an
electrical circuit. The device referred herein may be a
circuit breaker or a switching device, configured to be
operated manually and/or automatically for controlling
and protecting the electrical circuit (also be referred to
as electrical equipment) of an electrical power system.
For example, the device may operate to, for example,
control opening and/or closing of the electrical circuit
(specifically, a power line) to control flow of current
through the circuit. As would be understood, the device
may be provided at terminals of the power line for de-
energization of a fault circuit or a faulty power line. In
some examples, the device referred herein may be a high
voltage circuit breaker.
[0046] On detecting high fault current, an Intelligent
Electronic Device, IED, may send an opening signal to
the device. On receiving the opening signal, the device
may interrupt current flow in the power line. Once the
fault is cleared, the device may be reset or closed to
resume normal operation of the power line and the elec-
trical power system, either manually or automatically. A
sufficient mechanical power/potential energy is required
for the opening and closing operation of the device. The
required potential energy for the opening and closing op-
eration of the device may be provided by a spring oper-
ating mechanism. In some examples, the spring operat-
ing mechanism may be BLK.
[0047] In embodiments disclosed herein, the device
being operated in accordance with BLK comprises a zero
volt coil, ZVC, spring coupled to a ZVC through a ZVC
plunger. BLK-ZVC based spring operating mechanism
of the device satisfy International Organization for Stand-
ardization/International Electro technical Commission,
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IEC, requirements of tripping the device below specified
percentage of rated voltage without additional compo-
nents such as resistor, timer, contactor, under voltage
relay, and so on. BLK-ZVC charges the ZVC spring
through an external force. Thus, there is a need for a
charging and discharging mechanism for the ZVC spring
in the device.
[0048] Therefore, according to embodiments of the
present disclosure, the device implements or triggers one
of multiple (for example, first, second, third, fourth) charg-
ing and discharging mechanisms for efficient charging of
the ZVC spring and for disengaging a charging mecha-
nism configured for displacing the ZVC spring to its
charged position. In first and second charging and dis-
charging mechanisms, the ZVC spring is charged during
a closing operation of the device. In third and fourth
charging and discharging mechanisms, the ZVC spring
is charged during an opening operation of the device.
[0049] The device configured for implementing multi-
ple charging and discharging mechanisms comprises a
ZVC, a ZVC plunger, a ZVC spring, a circuit breaking
mechanism, a charging mechanism, and a discharging
mechanism.
[0050] The ZVC plunger is arranged to be displaced
between a charged position and a discharged position.
In the charged position, the ZVC plunger is held by a
magnetic field generated by the ZVC. In the discharged
position, the ZVC plunger is released by the ZVC as a
result of a predetermined voltage reduction in the ZVC
and displaced relative to the charged position.
[0051] The ZVC spring is connected to the ZVC plung-
er. The ZVC spring is operable between a charged po-
sition corresponding to the charged position of the ZVC
plunger and a discharged position corresponding to the
discharged position of the ZVC plunger. In its charged
position, the ZVC spring exerts a force on the ZVC plung-
er in a direction in which it strives at forcing the ZVC
plunger in a direction away from its charged position in
which the ZVC plunger is held by the ZVC upon applica-
tion of a voltage onto the ZVC. Towards the discharged
position of the ZVC plunger, such that, upon application
of the predetermined reduced voltage on the ZVC, the
ZVC plunger is moved in said direction by the action of
the ZVC spring to adapt its discharged position for the
purpose of initiating a circuit breaking by the device.
[0052] The charging mechanism is configured for dis-
placing the ZVC spring to its charged position. The dis-
charging mechanism is configured to be connected to
the ZVC plunger and to be displaced by the ZVC spring
and the ZVC plunger upon discharging of the ZVC spring
and the ZVC plunger into a position in which it triggers
the circuit breaking mechanism to break the electrical
circuit.
[0053] The charging mechanism comprises a plural
linkage mechanism configured to be connected in one
end to the ZVC plunger for enabling charging of the ZVC
plunger and of the ZVC spring through a pivotation of at
least one of links of the plural linkage mechanism. The

discharging mechanism comprises a plural linkage
mechanism connected in one end to the ZVC plunger
and in an opposite end with the discharging mechanism.
[0054] When the ZVC plunger and the ZVC spring are
in their respective charged position, there is a spacing
between at least two links of the plural linkage mecha-
nism of the charging mechanism or between the charging
mechanism and the ZVC plunger or between the charg-
ing mechanism and any part of the discharging mecha-
nism via which the charging mechanism is connected to
the ZVC plunger. The spacing enables the ZVC plunger
to move from its charged position to its discharged posi-
tion without being hindered by the charging mechanism,
and thereby to displace the discharging mechanism to
the position in which it triggers the circuit breaking mech-
anism to break the electrical circuit.
[0055] Various embodiments describing the multiple
charging and discharging mechanisms implemented by
the device are explained in conjunction with figures in
the later parts of the description.
[0056] Figs. 1A, 1B, 1C, and 1D disclose the device
implementing the first charging and discharging mecha-
nism for the ZVC spring. The device implementing the
first charging and discharging mechanism may be re-
ferred hereinafter as a device 160. The device 106 com-
prises a ZVC 101, a ZVC plunger 103, a ZVC spring 102,
a circuit breaking mechanism 108, a charging mecha-
nism 130, and a discharging mechanism 140.
[0057] The ZVC plunger 103 is arranged to be dis-
placed between the charged position in which its held by
a magnetic field generated by the ZVC 101, and a dis-
charged position in which it is released by the ZVC 101.
[0058] The ZVC spring 102 is connected to the ZVC
plunger 103. The ZVC spring 102 is operable between a
charged position corresponding to the charged position
of the ZVC plunger and a discharged position corre-
sponding to the discharged position of the ZVC plunger
103.
[0059] The charging mechanism 130 is configured for
displacing the ZVC spring 102 to its charged position.
The charging mechanism 130 comprises a plural linkage
mechanism configured to be connected in one end of the
ZVC plunger 103 for enabling charging of the ZVC plung-
er 103 and of the ZVC spring 102 through a pivotation of
at least one of links of the plural linkage mechanism. At
an end of the plural linkage mechanism of the charging
mechanism 130, the charging mechanism 130 may com-
prise a rotary retention lever 109. The end referred herein
may be an end of the plural linkage mechanism that is
distant from the ZVC plunger 103. The rotation of the
rotary retention lever 109 may cause a displacement of
links of the plural linkage mechanism to a position in
which the ZVC plunger 103 and the ZVC spring 102 are
in their respective charged position and in which a spac-
ing between at least two links of the plural linkage mech-
anism is present.
[0060] More specifically, as depicted in Figs. 1A-1D,
the plural linkage mechanism of the charging mechanism
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130 comprises a charging lever 110 and a cam element
112. The charging lever 110 un-releasably connected to
cam via coupler 111. Cam releasably connected to plung-
er and to be releasably connected to the retention lever
109. The cam element 112 may be configured to be con-
nected to the charging lever 110 by means of a coupler
111.
[0061] The discharging mechanism 140 is configured
to be connected to the ZVC plunger 103 and to be dis-
placed by the ZVC spring 102 and the ZVC plunger 102
upon discharging of the ZVC spring 102, and the ZVC
plunger 103 into a position in which it triggers the circuit
breaking mechanism 108 to break the electrical circuit.
The discharging mechanism comprises a plural linkage
mechanism connected in one end to the ZVC plunger
and in an opposite end with the circuit breaking mecha-
nism 108.
[0062] More specifically, as depicted in Figs. 1A-1D,
the discharging mechanism 140 comprises an L-bracket
102, a connection strip 105, and a bend bracket 106. The
L-bracket 104 may be connected in one end to the ZVC
plunger 103. The connection strip 105 may be connected
to the L-bracket 104. The bend bracket 106 may be con-
nected to the connection strip 105.
[0063] When the ZVC plunger 103 and the ZVC spring
102 are in their respective charged position, there is a
spacing between at least two links of the plural linkage
mechanism of the charging mechanism 130, or between
the charging mechanism 130 and the ZVC plunger 103
or between the charging mechanism 130 and any part
of the discharging mechanism 140 via which the charging
mechanism 130 is connected to the ZVC plunger 103.
The spacing enables the ZVC plunger 103 to move from
its charged position to its discharged position without be-
ing hindered by the charging mechanism 130. Thereby,
to displace the discharging mechanism 140 to the posi-
tion in which it triggers the circuit breaking mechanism
108 to break the electrical circuit.
[0064] As depicted in Fig. 1A, during an open condition
of the device 160, the ZVC spring 102 is in the discharged
position.
[0065] When the device 160 undergoes closed oper-
ation/condition, as depicted in Fig. 1B, the ZVC spring
102 and the ZVC plunger 103 may be charged by the
action of the charging mechanism 130. During charging
of the ZVC spring 102 and the ZVC plunger 103 to their
respective charged position by the action of the charging
mechanism 130, the retention lever 109 may be config-
ured to rotate by exceeding a first pre-defined threshold
for causing rotation of the charging lever 110 and for fur-
ther causing rotation of the cam element 112 to displace
the ZVC plunger 103 and the ZVC spring 102 to their
respective charged position.
[0066] The rotation of the retention lever 109 exceed-
ing the first pre-defined threshold may be referred as an
overtravel of the retention lever 109. The overtravel may
be a variable parameter, which normally reduces with
consecutive operations of the device 160. The overtravel

may be dependent on a closing speed of the device 160.
Higher the closing speed, higher will be the overtravel of
the retention lever 109. The overtravel may also be a
function of excess amount of energy available in a closing
spring over an opening spring.
[0067] In some examples, the charging lever 110 com-
prises a spring 115 and a stopper pin 116. The spring
115 may be configured to rotate the charging lever 110,
when the charging lever 110 crosses a first toggle posi-
tion during charging of the ZVC spring 102 and the ZVC
plunger 103 to their respective charged position by the
action of the charging mechanism 130. The stopper pin
116 may be configured to stop rotation of the charging
lever 110, when the charging lever 110 crosses a second
toggle position during charging of the ZVC spring 102
and the ZVC plunger 103 to their respective charged po-
sition by the action of the charging mechanism 130.
[0068] In some examples, a profile of the cam element
112 may be designed in such a way that the cam element
112 would be able to charge the ZVC spring 102 at a
minimum overtravel. Additionally, dwell may be provided
on the cam element 112, so that it does not damage the
ZVC 101 by causing dead-stop inside the ZVC 101 during
a maximum overtravel.
[0069] In some examples, the cam element 112 com-
prises a pin 113 mounted on it. When the ZVC spring
102 is being operated to the charged position by opera-
tion of the charging mechanism 130, the pin 112 may be
configured to slide inside a slot of a slotted lever 114
pivotally connected to the L-bracket 104, and the reten-
tion lever 109 may be configured to rotate further to a
position in which said spacing exists between the reten-
tion lever 109 and the charging lever 110.
[0070] In some examples, disengagement of charging
and discharging mechanism after charging of the ZVC
spring 102 and the ZVC plunger 103 to their respective
charged position may be advantageous, as it eliminates
a need to test robustness of entire plural linkage mech-
anism of the charging mechanism 130 connected to the
ZVC 101. To achieve such a disengagement, the spring
115 on the charging lever 110 may show a tendency to
rotate the charging lever 110 in a clockwise direction
when the ZVC 101 is in a discharged condition. Upon
minimum overtravel of the retention lever 109, the spring
115 may show a tendency to rotate the charging lever
110 in an anticlockwise direction when and the charging
lever 110 cross the first toggle position. The charging
lever 110 may be stopped by the stopper pin 116 after
crossing the second toggle position. The pin 113 on the
cam element 112 may slide freely inside the slot of the
slotted lever 114 during charging of the ZVC spring 102
and the ZVC plunger 103 to their respective charged po-
sition. The slotted lever 114 may have the slot such that
at an end of charging of the ZVC spring 102 and the ZVC
plunger 103 to their respective charged position, the pin
113 may touch an end of the slot of the slotted lever 114.
When the retention lever 109 attains a close position and
the ZVC spring 102 and the ZVC plunger 103 are charged
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to their respective charged position, the spacing is cre-
ated between the retention lever 109 and the charging
lever 110. The spacing/positive gap created between the
retention lever 109 and the charging lever 110 ensures
that the plural linkage mechanism of the charging mech-
anism may be operated only if the ZVC spring 102 and
the ZVC plunger 103 are operated and as the ZVC 101
is operated for fewer operations compared to the device
106. Thus, eliminating a need to perform mechanical en-
durance test of the plural linkage mechanism of the
charging mechanism 130. The device 160 in the closed
position and the ZVC 101 (i.e., the ZVC spring 102 and
the ZVC plunger 103) in the charged position with disen-
gagement of the plural linkage mechanism of the charg-
ing mechanism 130 with the retention lever 109 is de-
picted in Fig. 1C.
[0071] Upon discharging of the ZVC spring 102, the
plural linkage mechanism of the charging mechanism
130 has to restore its position as depicted in Fig. 1A.
When power is cut-off that is upon discharging of the ZVC
spring 102, energy from the ZVC spring 102 may be uti-
lized for two purposes. A first purpose is to disturb an
equilibrium state of the circuit breaking mechanism 108
by the discharging mechanism 140, which may result in
opening operation of the device 160. A second purpose
is to reset the position of the charging mechanism 130,
which may be achieved by the slotted lever 114, which
pushes the pin 113 that causes rotation of the cam ele-
ment 112 and ultimately the charging lever 110. This may
cause the spring 115 to cross a toggle position, which
may restore an initial configuration of the charging mech-
anism 130. The ZVC spring 102 in discharged position
and the opening condition of the device 160 is depicted
in Fig. 1D.
[0072] Figs. 2A, 2B, and 2C disclose the device imple-
menting the second charging and discharging mecha-
nism for the ZVC spring. The device implementing the
second charging and discharging mechanism may be
referred hereinafter as a device 260. The device 260
comprises a ZVC 201, a ZVC plunger 203, a ZVC spring
202, a circuit breaking mechanism 208, a charging mech-
anism 230, and a discharging mechanism 240.
[0073] The ZVC plunger 203 is arranged to be dis-
placed between the charged position in which its held by
a magnetic field generated by the ZVC 201, and a dis-
charged position in which it is released by the ZVC 201.
[0074] The ZVC spring 202 is connected to the ZVC
plunger 203. The ZVC spring 202 is operable between a
charged position corresponding to the charged position
of the ZVC plunger 203 and a discharged position cor-
responding to the discharged position of the ZVC plunger
203.
[0075] The charging mechanism 230 is configured to
displace the ZVC spring 202 to its charged position. The
charging mechanism 230 comprises a plural linkage
mechanism configured to be connected in one end of the
ZVC plunger 203 for enabling charging of the ZVC plung-
er 203 and of the ZVC spring 202 through a pivotation of

at least one of links of the plural linkage mechanism. The
charging mechanism 230 comprises the retention lever
209 and charging lever 210. The charging lever 210 may
be configured to be connected to the plunger 203 with
connection link 222 by lower pair and to retention lever
209 by higher pair.
[0076] The discharging mechanism 240 is configured
to be connected to the ZVC plunger 203 and to be dis-
placed by the ZVC spring 202 and the ZVC plunger 203
upon discharging of the ZVC spring 202, and the ZVC
plunger 203 into a position in which it triggers the circuit
breaking mechanism 208 to break the electrical circuit.
The discharging mechanism 240 comprises a plural lin-
age mechanism connected in one end to the ZVC plunger
203 and in an opposite end with the circuit breaking
mechanism 208.
[0077] The plural linkage mechanism of the discharg-
ing mechanism 240 comprises a connection link 222, a
connection strip 205, and a bend bracket 206. The con-
nection link 222 may be connected in one end to the ZVC
plunger 203. The connection strip 205 may be connected
to the connection link 222. The bend bracket 206 may
be connected to the connection strip 205 and to the circuit
breaking mechanism 208. The charging lever 210 is con-
nected to the ZVC plunger 203 via the connecting link
222.
[0078] When the ZVC plunger 203 and the ZVC spring
202 are in their respective charged position, there is a
spacing between at least two links of the plural linkage
mechanism of the charging mechanism 230, or between
the charging mechanism 230 and the ZVC plunger 203
or between the charging mechanism 230 and any part
of the discharging mechanism 240 via which the charging
mechanism 230 is connected to the ZVC plunger 203.
The spacing enables the ZVC plunger 203 to move from
its charged position to its discharged position without be-
ing hindered by the charging mechanism 230. Thereby,
to displace the discharging mechanism 240 to the posi-
tion in which it triggers the circuit breaking mechanism
208 to break the electrical circuit.
[0079] At an end of the plural linkage mechanism of
the charging mechanism 230, the charging mechanism
230 may comprise the rotary retention lever 209. The
end referred herein may be an end of the plural linkage
mechanism that is distant from the ZVC plunger 203. The
rotation of the rotary retention lever 209 may cause a
displacement of the links of the plural linkage mechanism
to a position in which the ZVC plunger 203 and the ZVC
spring 202 are in their respective charged position and
in which the spacing between at least two links of the
plural linkage mechanism is present.
[0080] As depicted in Fig. 2A, initially the device 260
may be in the open position. A supply may be provided
to the ZVC 201. As there is no self-picking up capacity
in the ZVC 201, an additional mechanism may be used
to push the ZVC plunger 203 against the ZVC spring 202.
[0081] As depicted in Fig. 2B, when the closing oper-
ation of the device 260 starts, the ZVC spring 202 and
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the ZVC plunger 203 may be charged to their respective
charged position by the action of the charging mecha-
nism 230. During charging of the ZVC spring 202 and
the ZVC plunger 203 to their respective charged position,
the retention lever 209 may be configured to rotate (in a
counter clockwise direction) by exceeding the first pre-
defined threshold. Rotation of the retention lever 209 ex-
ceeding the first pre-defined threshold may be referred
as overtravel of the retention lever 209 or rotation of the
retention lever 209 in an overtravel zone. Rotation of the
retention lever 209 in the overtravel zone may cause ro-
tation of the charging lever 210 to displace the ZVC plung-
er 203 and the ZVC spring 202 via the connection link
222 to their respective charged position. Thus, rotation
of the charging lever 210 may cause the ZVC plunger
203 to start moving in an upward direction. When the
ZVC plunger 203 reaches a certain distance, the ZVC
plunger 203 may be pulled and hold by the magnetic
force generated by the ZVC 201.
[0082] Further, a profile on the retention lever 209 is
such that even if the retention lever 209 rotates excess
in the overtravel, it may not rotate the charging lever 210
after certain rotation, as depicted in Fig. 2C (i.e., the
charging lever 210 may be in dwell condition).
[0083] After completion of overtravel of the retention
lever 209 during charging of the ZVC spring 202 and the
ZVC plunger 203, the retention lever 209 may start ro-
tating back in an opposite direction and may be locked
on the circuit breaking mechanism 208, as depicted in
Fig. 2D. When the retention lever 209 is locked on the
circuit breaking mechanism 208, the retention lever 209
and the charging lever 210 may be spaced apart by the
spacing. The said spacing may be required for discharg-
ing of the ZVC spring 202 and ultimately tripping the de-
vice 260.
[0084] During discharging of the ZVC spring 202 (that
is when the power supply of the ZVC 201 is cut off), the
ZVC 201 may lose its magnetic force and the ZVC spring
202 may be configured to displace the ZVC plunger 203
(in a downward direction) and the connection link 222 to
which the charging lever 210 is connected. Thereby,
causing rotation of the charging lever 210 back to a po-
sition in which it will be releasably connected by the re-
tention lever 209 upon rotation of the retention lever 209
to the first pre-defined threshold during the subsequent
charging operation. The charging lever 210 may be fur-
ther configured to transfer motion to the bend bracket
206 through the connection link 205. The bend bracket
206 may rotate and hit a latch catch connected to the
circuit breaking mechanism 208 to rotate it. Rotation of
the latch catch disturbs an equilibrium state of the circuit
breaking mechanism 209. Thereby, triggering the circuit
breaking mechanism 208 to break the electrical circuit,
as depicted in Fig. 2E.
[0085] Figs. 3A, 3B, and 3C disclose the device imple-
menting the third charging and discharging mechanism
for the ZVC spring. The device implementing the third
breaking mechanism may be referred hereinafter as a

device 360. The device 360 comprises a ZVC 301, a ZVC
plunger 303, a ZVC spring 302, a circuit breaking mech-
anism 308, a charging mechanism 330, and a discharg-
ing mechanism 340.
[0086] The ZVC plunger 303 is arranged to be dis-
placed between the charged position in which its held by
a magnetic field generated by the ZVC 301, and a dis-
charged position in which it is released by the ZVC 301.
[0087] The ZVC spring 302 is connected to the ZVC
plunger 303. The ZVC spring 302 is operable between a
charged position corresponding to the charged position
of the ZVC plunger 303 and a discharged position cor-
responding to the discharged position of the ZVC plunger
303.
[0088] The charging mechanism 330 is configured to
displace the ZVC spring 302 to its charged position. The
charging mechanism 330 comprises a plural linkage
mechanism configured to be connected in one end of the
ZVC plunger 303 for enabling charging of the ZVC plung-
er 303 and of the ZVC spring 302 through a pivotation of
at least one of links of the plural linkage mechanism.
[0089] The discharging mechanism 340 is configured
to be connected to the ZVC plunger 303 and to be dis-
placed by the ZVC spring 302 and the ZVC plunger 303
upon discharging of the ZVC spring 302, and the ZVC
plunger 303 into a position in which it triggers the circuit
breaking mechanism 308 to break the electrical circuit.
The discharging mechanism 340 comprises a plural lin-
age mechanism connected in one end to the ZVC plunger
303 and in an opposite end with the circuit breaking
mechanism 308.
[0090] When the ZVC plunger 303 and the ZVC spring
302 are in their respective charged position, there is a
spacing between at least two links of the plural linkage
mechanism of the charging mechanism 330, or between
the charging mechanism 330 and the ZVC plunger 303
or between the charging mechanism 330 and any part
of the discharging mechanism 340 via which the charging
mechanism 330 is connected to the ZVC plunger 303.
The spacing enables the ZVC plunger 303 to move from
its charged position to its discharged position without be-
ing hindered by the charging mechanism 330. Thereby,
to displace the discharging mechanism 340 to the posi-
tion in which it triggers the circuit breaking mechanism
308 to break the electrical circuit.
[0091] At an end of the plural linkage mechanism of
the charging mechanism 330, the charging mechanism
330 may comprise a rotary retention lever 309. The end
referred herein may be an end of the plural linkage mech-
anism that is distant from the ZVC plunger 303. The ro-
tation of the rotary retention lever 309 may cause a dis-
placement of the links of the plural linkage mechanism
to a position in which the ZVC plunger 303 and the ZVC
spring 302 are in their respective charged position and
in which the spacing between at least two links of the
plural linkage mechanism is present.
[0092] More specifically, the charging mechanism 330
comprises the retention lever 309, a coupler 311, and an
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oscillator 328. The coupler 311 may be connected to the
retention lever 309. The oscillator 328 may be connected
to the coupler 311. The discharging mechanism 340 com-
prises a connecting link 322, a charging link 324, a con-
nection strip 305, and a bend bracket 326. The connect-
ing link 322 may be connected in one end to the ZVC
plunger 303. The charging link 324 may be connected to
the connecting link 322. The connection strip 305 may
be connected in one end to the charging link 324. The
bend bracket 326 may be connected in one end to the
connection strip 305 and in opposite end to the circuit
breaking mechanism 308.
[0093] The oscillator 328 may have a charging pin 327,
which may be connectable to the charging link 324 and
configured to push the charging link 324 upon a pre-de-
termined rotation of the retention lever 309. Thereby in-
ducing charging motion of the ZVC plunger 303 and the
ZVC spring 302. After rotation of the retention lever 309
such that charging of the ZVC plunger 303 and the ZVC
spring 302 is achieved, the retention lever 309 is config-
ured to be rotated in an opposite direction such that said
spacing is formed between the charging pin 327 and the
charging link 324.
[0094] As depicted in Fig. 3A, when the device 360 is
an open position, the ZVC spring 302 and the ZVC plung-
er 303 may be charged to their respective charged posi-
tion by the action of the charging mechanism 330. During
charging of the ZVC spring 302 and the ZVC plunger 303
to their respective charged position by the action of the
charging mechanism 330, the retention lever 309 may
be configured to displace the oscillator 328. The oscillator
328 may be configured to push the charging link 324 at
an end of an opening stroke for enabling the charging
link 324, the connection link 322, and the plunger 303 to
displace the ZVC spring 302 and the ZVC plunger 303
to their respective charged position. During charging of
the ZVC spring 302 and the ZVC plunger 303 to their
respective charged position, the charging link 324, the
connection strip 305, and the bend bracket 326 may be
configured to move for bringing the circuit breaking mech-
anism 308 to a latched condition.
[0095] As depicted in Fig. 3B, when the device 360
starts to operate in the closed position and the ZVC spring
302 is the charged position, the retention lever 309 may
cause the oscillator 328 to rotate by a desired angle,
which may create the spacing between the charging pin
327 and the charging link 324. The said spacing may be
necessary for discharging of the ZVC spring 302/ZVC
301 without encountering the dead-stop.
[0096] As depicted in Fig. 3C, when the ZVC spring
302 moves to its discharged position during the tripping
operation of the device 360, the ZVC spring 302 may be
configured to transfer energy to a latch catch of the circuit
breaking mechanism 308 by means of the discharging
mechanism 340 for disturbing an equilibrium of the circuit
breaking mechanism 308 and to further release the re-
tention lever 309 from the circuit breaking mechanism
308.

[0097] Figs. 4A, 4B, and 4C disclose the device imple-
menting the fourth charging and discharging mechanism
for the ZVC spring. The device implementing the fourth
breaking mechanism may be referred hereinafter as a
device 460. The device 460 comprises a ZVC 401, a ZVC
plunger 403, a ZVC spring 402, a circuit breaking mech-
anism 408, a charging mechanism 430, and a discharg-
ing mechanism 440.
[0098] The ZVC plunger 403 is arranged to be dis-
placed between the charged position in which its held by
a magnetic field generated by the ZVC 401, and a dis-
charged position in which it is released by the ZVC 401.
The ZVC spring 402 is connected to the ZVC plunger
403. The ZVC spring 402 is operable between a charged
position corresponding to the charged position of the ZVC
plunger 403 and a discharged position corresponding to
the discharged position of the ZVC plunger 403.
[0099] The charging mechanism 430 is configured to
displace the ZVC spring 402 to its charged position. The
charging mechanism 430 comprises a plural linkage
mechanism configured to be connected in one end of the
ZVC plunger 403 for enabling charging of the ZVC plung-
er 403 and of the ZVC spring 402 through a pivotation of
at least one of links of the plural linkage mechanism.
[0100] The discharging mechanism 440 is configured
to be connected to the ZVC plunger 403 and to be dis-
placed by the ZVC spring 402 and the ZVC plunger 402
upon discharging of the ZVC spring 402, and the ZVC
plunger 403 into a position in which it triggers the circuit
breaking mechanism 408 to break the electrical circuit.
The discharging mechanism 440 comprises a plural lin-
age mechanism connected in one end to the ZVC plunger
403 and in an opposite end with the circuit breaking
mechanism 408.
[0101] When the ZVC plunger 403 and the ZVC spring
402 are in their respective charged position, there is a
spacing between at least two links of the plural linkage
mechanism of the charging mechanism 430, or between
the charging mechanism 430 and the ZVC plunger 403
or between the charging mechanism 430 and any part
of the discharging mechanism 440 via which the charging
mechanism 430 is connected to the ZVC plunger 403.
The spacing enables the ZVC plunger 403 to move from
its charged position to its discharged position without be-
ing hindered by the charging mechanism 430. Thereby,
to displace the discharging mechanism 440 to the posi-
tion in which it triggers the circuit breaking mechanism
408 to break the electrical circuit.
[0102] At an end of the plural linkage mechanism of
the charging mechanism 430, the charging mechanism
430 may comprise a rotary retention lever 409. The end
referred herein may be an end of the plural linkage mech-
anism that is distant from the ZVC plunger 403. The ro-
tation of the rotary retention lever 409 may cause a dis-
placement of the links of the plural linkage mechanism
to a position in which the ZVC plunger 403 and the ZVC
spring 402 are in their respective charged position and
in which the spacing between at least two links of the
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plural linkage mechanism is present.
[0103] More specifically, the charging mechanism 430
comprises the retention lever 409 and a charging lever
410. The charging lever 410 may be spring-loaded such
that it exerts a charging force on the ZVC plunger 403.
[0104] The retention lever 409 may be configured to
be rotated such that it counteracts the spring load on the
charging lever 410. After charging of the ZVC plunger
403 and the ZVC spring 402 by the action of the charging
lever 410, the retention lever 409 is configured to be ro-
tated to a pre-determined angular position such that it
pivots the charging lever 410 to a position in which the
spacing is present between the charging lever 410 and
the ZVC plunger 403. The retention lever 409 may be
further configured to engage and close the circuit breaker
mechanism 408 upon being rotated to the pre-deter-
mined angular position. Upon discharging of the ZVC
spring 403/ZVC plunger 403, the discharging mechanism
440 may trigger an opening of the circuit breaker mech-
anism 408. Such an opening may trigger a rotation of the
retention lever 409 to an angular position in which the
retention lever does not engage the charging lever 410.
Thereby, enabling the charging lever 410 to apply its
spring force on the ZVC plunger 403 for the charging
thereof.
[0105] In some examples, the charging mechanism
430 may also comprise a stop pin 443 (also be referred
to as eccentric pin) along with the retention lever 409 and
the charging lever 410. In some examples, the charging
lever 410 may be rotatably mounted on the stop pin 443.
By rotating the stop pin 443 during the opening operation
of the device 460, angular position of the charging lever
410 may be set. The stop pin 443 may be configured to
prevent the charging lever 410 from pivoting beyond a
point at which remaining motion of the ZVC plunger 403
to its charged position is enabled by application of a pre-
determined voltage on the ZVC 401.
[0106] The discharging mechanism 440 comprises an
L-bracket 404, a connection strip 405, and a bend bracket
406. The connection strip 405 may be connected to the
L-bracket 404. The bend bracket 406 may be connected
to the connection strip 405 and to the circuit breaking
mechanism 408.
[0107] The device 460 further comprises a torsion
spring 441 and a spring stopper pin 442. The torsion
spring 441 may be configured to apply the spring load
on the charging lever 410. Also, a position of the charging
lever 410 may be secured by the torsion spring 441. The
spring stopper pin 442 may be configured to support a
fixed leg of the torsion spring 441.
[0108] As depicted in Fig. 4A, during the opening op-
eration of the device 460, the charging lever 410 is con-
figured to displace the ZVC plunger 403 by means of the
torsion spring 441 for displacing the ZVC spring 402 and
the ZVC plunger 403 to the respective charged position.
[0109] Thus, by using the fourth charging and dis-
charging mechanism, the ZVC spring 402 may be
charged by eliminating issues related to dependency on

overtravel of the retention lever 409. Further, using the
fourth charging and discharging mechanism, the device
460 may be tripped at increased friction and relaxed
spring conditions.
[0110] As depicted in Fig. 4B, during the closing oper-
ation of the device 460 and when the ZVC spring 402 is
in the charged position, the retention lever 409 is config-
ured to rotate and interact with the charging lever 410 for
causing the charging lever 410 to rotate and disengage
from the ZVC plunger 403. When the closing operation
of the device 460 is completed, the retention lever 409
may lock on the circuit breaking mechanism 408, as de-
picted in Fig. 4B. During this operation, the ZVC plunger
403 may maintain its position due to magnetic pulling
force of the ZVC 401, which may result in the spacing
between the ZVC plunger 403 and the charging lever
410. The said spacing may be essential during tripping
operation of the device 460 using the ZVC 401.
[0111] As depicted in Fig. 4C, when the power supply
to the ZVC 401 cuts off, the magnetic force developed
by the ZVC 401 may be vanished. As a result, the ZVC
spring 402 starts discharging. During discharging of the
ZVC spring 402, the ZVC spring 402 may be configured
to displace the ZVC plunger 403 in a downward direction.
The downward motion of the ZVC plunger 403 may be
transferred to a latch catch of the circuit breaking mech-
anism 408 using the discharging mechanism 440. Due
to the movement of the latch catch, the equilibrium of the
circuit breaking mechanism 408 may be disturbed and
may result in tripping of the device 460. As soon as the
device 460 trips, the retention lever 409 may rotate in a
clockwise direction and the charging lever 410 may rotate
in a counter clockwise direction to push the ZVC plunger
403 in the upward direction for enabling the ZVC spring
402 to move towards the charged position, as depicted
in Fig. 4C.
[0112] In some embodiments, the device 460 further
comprises a blockage assembly 432, and a micro switch
435. The blockage assembly 432 comprises a threaded
bush 433, which may be configured to lock the ZVC
plunger 403 in a lock condition using a bolt 431 for me-
chanically blocking the ZVC spring 402. The micro switch
435 may be configured to provide an alert indicating that
the ZVC spring 402 is being blocked manually.
[0113] In some embodiments, the device 460 further
comprises a holder 436, a latch link 437, and a latch
torsion spring 438. The holder 436 may be configured to
be mounted on the circuit breaking mechanism 408. The
latch link 437 may be configured to be assembled on the
holder 436 using a pin 439. The latch torsion spring 438
may be configured to be arranged between the holder
436 and the latch link 437 and over the pin 439. The latch
link 437 may be operated against a torque of the latch
torsion spring 438 for manually tripping of the device 460.
[0114] Advantageously, all the charging and discharg-
ing mechanisms implemented by the device may be de-
signed by considering one or more of: no dependency
on open orientation of a retention lever of the charging
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mechanism, a minimum number of links in the charging
mechanism, minimum horizontal force on the ZVC plung-
er, and high margin for force available to trip/break the
device. Thus, the ZVC spring may be charged without
any failure.
[0115] The foregoing description of the specific em-
bodiments will so fully reveal the general nature of the
embodiments herein that others can, by applying current
knowledge, readily modify and/or adapt for various ap-
plications such specific embodiments without departing
from the generic concept, and, therefore, such adapta-
tions and modifications should and are intended to be
comprehended within the meaning and range of equiv-
alents of the disclosed embodiments. It is to be under-
stood that the phraseology or terminology employed
herein is for the purpose of description and not of limita-
tion. Therefore, while the embodiments herein have been
described in terms of preferred embodiments, those
skilled in the art will recognize that the embodiments
herein can be practiced with modification within the scope
of the disclosure.

Claims

1. A device (160, 260, 360, 460) for an electrical circuit,
the device (160, 260, 360, 460) comprising:

- a zero volt coil, ZVC, (101, 201, 301, 401);
- a ZVC plunger (103, 203, 303, 403), which is
arranged to be displaced between a charged po-
sition in which it is held by a magnetic field gen-
erated by the ZVC (101, 201, 301, 401), and a
discharged position in which it is released by the
ZVC (101, 201, 301, 401);
- a ZVC spring (102, 202, 302, 402) connected
to the ZVC plunger (103, 203, 303, 403), wherein
the ZVC spring (102, 202, 302, 402) is operable
between a charged position, corresponding to
the charged position of the ZVC plunger (103,
203, 303, 403), and a discharged position, cor-
responding to the discharged position of the
ZVC plunger (103, 203, 303, 403);
- a circuit breaking mechanism (108, 208, 308,
408);
- a charging mechanism (130, 230, 330, 430)
for displacing the ZVC spring (102, 202, 302,
402) to its charged position; and
- a discharging mechanism (140, 240, 340, 440)
configured to be connected to the ZVC plunger
(103, 203, 303, 403) and to be displaced by the
ZVC spring (102, 202, 302, 402) and the ZVC
plunger (103, 203, 303, 403) upon discharging
of the ZVC spring (102, 202, 302, 402) and the
ZVC plunger (103, 203, 303, 403) into a position
in which it triggers the circuit breaking mecha-
nism (108, 208, 308, 408) to break the electrical
circuit,

wherein
- the charging mechanism (130, 230, 330, 430)
comprises a plural linkage mechanism config-
ured to be connected in one end to the ZVC
plunger (103, 203, 303, 403) for enabling charg-
ing of the ZVC plunger (103, 203, 303, 403) and
of the ZVC spring (102, 202, 302, 402) through
a pivotation of at least one of links of the plural
linkage mechanism; and
- the discharging mechanism (140, 240, 340,
440) comprises a plural linkage mechanism con-
nected in one end to the ZVC plunger (103, 203,
303, 403) and in an opposite end with the circuit
breaking mechanism (108, 208, 308, 408), and
wherein,
- when the ZVC plunger (103, 203, 303, 403)
and the ZVC spring (102, 202, 302, 402) are in
their respective charged position, there is a
spacing between at least two links of the plural
linkage mechanism of the charging mechanism
(130, 230, 330, 430) or between the charging
mechanism (130, 230, 330, 430) and the ZVC
plunger (103, 203, 303, 403) or between the
charging mechanism (130, 230, 330, 430) and
any part of the discharging mechanism (140,
240, 340, 440) via which the charging mecha-
nism (130, 230, 330, 430) is connected to the
ZVC plunger (103, 203, 303, 403), which spac-
ing enables the ZVC plunger (103, 203, 303,
403) to move from its charged position to its dis-
charged position without being hindered by the
charging mechanism (130, 230, 330, 430), and
thereby to displace the discharging mechanism
(140, 240, 340, 440) to the position in which it
triggers the circuit breaking mechanism (108,
208, 308, 408) to break the electrical circuit.

2. The device according to claim 1, wherein, at an end
of the plural linkage mechanism of the charging
mechanism (130, 230, 330, 430), which end is an
end of the plural linkage mechanism which is distant
from the ZVC plunger (103, 203, 303, 403), the
charging mechanism (130, 230, 330, 430) comprises
a rotary retention lever (109, 209, 309, 409), wherein
a rotation of the retention lever (109, 209, 309, 409)
causes a displacement of the links of the plural link-
age mechanism to a position in which the ZVC plung-
er (103, 203, 303, 403) and the ZVC spring (102,
202, 302, 402) are in their respective charged posi-
tion and in which said spacing between at least two
links of the plural linkage mechanism is present.

3. The device (160) according to claim 2, wherein

- the plural linkage mechanism of the charging
mechanism (130) comprises a charging lever
(110) configured to be connected to the ZVC
plunger (103) and to be releasably connected
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to the retention lever (109), and a cam element
(112) configured to be connected to the charging
lever (110) by means of a coupler (111); and
- the discharging mechanism (140) comprises
an L-bracket (104) connected in one end to the
ZVC plunger (103), a connection strip (105) con-
nected to the L-bracket (104), and a bend brack-
et (106) connected to the connection strip (105).

4. The device (160) according to claim 3, wherein, dur-
ing charging of the ZVC spring (102) and the ZVC
plunger (103) to their respective charged position by
the action of the charging mechanism (130),

- the retention lever (109) is configured to rotate
by exceeding a first pre-defined threshold for
causing rotation of the charging lever (110) and
for further causing rotation of the cam element
(112) to displace the ZVC plunger (103) and the
ZVC spring (102) to their respective charged po-
sition.

5. The device (260) according to claim 1 or 2, wherein

- the charging mechanism (230) comprises the
retention lever (209) and a charging lever (210)
configured to be connected to the ZVC plunger
(203) and to be releasably connected to the re-
tention lever (209); and
- the discharging (240) comprises a connection
link (222) connected in one end to the ZVC
plunger (203), a connection strip (205) connect-
ed to the connection link (222), and a bend
bracket (206) connected to the connection strip
(205) and to the circuit breaking mechanism
(208), and wherein the charging lever (210) is
connected to the ZVC plunger (203) via the con-
necting link (222).

6. The device (260) according to claim 5, wherein dur-
ing charging of the ZVC spring (202) and the ZVC
plunger (203) to their respective charged position by
the action of the charging mechanism (230),

- the retention lever (209) is configured to rotate
by exceeding a first pre-defined threshold for
causing rotation of the charging lever (210) to
displace the ZVC plunger (203) and the ZVC
spring (202) via the connection link (222) to their
respective charged position.

7. The device (360) according to claim 1, wherein

- the charging mechanism (330) comprises a re-
tention lever (309), a coupler (311) connected
to the retention lever (309), and an oscillator
(328) connected to the coupler (311); and
- the discharging mechanism (340) comprises a

connecting link (322) connected in one end to
the ZVC plunger (303), a charging link (324) con-
nected to the connecting link (322), a connection
strip (305) connected in one end to the charging
link (324), and a bend bracket (326) connected
in one end to the connection strip (305) and in
an opposite end to the circuit breaking mecha-
nism (308),
- and wherein the oscillator (328) has a charging
pin (327) which is connectable to the charging
link (324) and configured to push the charging
link (324) upon a predetermined rotation of the
retention lever (309) and thereby induce charg-
ing motion of the ZVC plunger (303) and the ZVC
spring (302), and wherein, after rotation of the
retention lever (309) such that charging of the
ZVC plunger (303) and ZVC spring (302) is
achieved, the retention lever is configured to be
rotated in an opposite direction such that said
spacing is formed between said charging pin
(327) and the charging link (324).

8. The device (360) according to claim 7, wherein dur-
ing charging of the ZVC spring (302) and the ZVC
plunger (303) to their respective charged position by
the action of the charging mechanism (330),

- the retention lever (309) is configured to dis-
place the oscillator (328), which is configured to
push the charging link (324) at an end of an
opening stroke for enabling the charging link
(324), the connecting link (322), and the ZVC
plunger (303) to displace the ZVC spring (302)
and the ZVC plunger (303) to their respective
charged position.

9. The device (460) according to claim 1, wherein the
charging mechanism (430) comprises a charging le-
ver (410) which is spring-loaded such that it exerts
a charging force on the ZVC plunger (403), and
wherein the charging mechanism (430) comprises a
retention lever (409) which is configured to be rotated
such that it counteracts the spring load on the charg-
ing lever (410), and wherein, after charging of the
ZVC plunger (403) and the ZVC spring (402) by the
action of the charging lever (410) the retention lever
(409) is configured to be rotated to a predetermined
angular position such that it pivots the charging lever
(410) to a position in which said spacing is present
between the charging lever (410) and the ZVC plung-
er (403).

10. The device (460) according to claim 1, wherein the
charging mechanism (430) comprises a charging le-
ver (410) which is spring-loaded such that it exerts
a charging force on the ZVC plunger (403), and
wherein the charging mechanism (430) comprises a
retention lever (409) which is configured to be rotated
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such that it counteracts the spring load on the charg-
ing lever (410), and wherein, after charging of the
ZVC plunger (403) and the ZVC spring (402) by the
action of the charging lever (410) the retention lever
(409) is configured to be rotated to a predetermined
angular position such that it pivots the charging lever
(410) to a position in which said spacing is present
between the charging lever (410) and the ZVC plung-
er (403).

11. The device according to claim 10, wherein the reten-
tion lever (409) is configured to engage and close
the circuit breaker mechanism (408) upon being ro-
tated to said predetermined angular position, and
wherein, upon discharging of the ZVC plunger (403),
the discharging mechanism (440) will trigger an
opening of the circuit breaker mechanism (408),
which opening will trigger a rotation of the retention
lever (409) to an angular position in which the reten-
tion lever does not engage the charging lever (410),
thereby enabling the charging lever (410) to apply
its spring force on the ZVC plunger (403) for the
charging thereof.

12. The device (460) according to claim 10 or 11, where-
in,

- the charging mechanism (430) comprises the
retention lever (409) and the charging lever
(410), and a stop pin (443), wherein the stop pin
(443) is configured to prevent the charging lever
(410) from pivoting beyond a point at which re-
maining motion of the ZVC plunger (403) to its
charged position is enabled by application of a
predetermined voltage on the ZVC (401).
- the discharging mechanism (440) comprises a
L-bracket (404), a connection strip (405) con-
nected to the L-bracket (404) and a bend bracket
(406) connected to the connection strip (405)
and to the circuit breaking mechanism (408).

13. The device (460) according to any one of claims
10-12, further comprising:

- a torsion spring (441) configured to apply said
spring load on the charging lever (410); and
- a spring stopper pin (442) configured to support
a fixed leg of the torsion spring (441).

14. The device (460) according to any one of claims
10-13, wherein during the opening operation of the
device (460), and charging of the ZVC spring (402)
and the ZVC plunger (403),

- the charging lever (410) is configured to dis-
place the ZVC plunger (403) by means of the
torsion spring (441) for displacing the ZVC
spring (402) and the ZVC plunger (403) to their

respective charged position.

15. The device (460) according to any one of claims
10-14, wherein during the closing operation of the
device (460) and the charging of the ZVC spring
(402),

- the retention lever (409) is configured to rotate
and interact with the charging lever (410) for
causing the charging lever (410) to rotate and
disengage from the ZVC plunger (403),
wherein when the ZVC spring (402) is in the
charged position, the retention lever (409) is
configured to lock on the circuit breaker mech-
anism (408).
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