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(57) A coil actuator for an electric switching device
which can be actuated during its operation from an open
position to a closed position so as to allow a current flow-
ing therethrough and from the closed position to the open
position so as to interrupt such current flowing.

The coil actuator is adapted to cause actuations of
the switching device and comprises electronic means ar-
ranged to:

- count afirstoperation time associated to afirst actuation
of the switching device caused by the coil actuator;

- determine a correction time by using the counted first
operation time;

- use the correction time to correct an operation time as-
sociated to at least one subsequent actuation of the
switching device caused by the coil actuator and occur-
ring after the first actuation;

- count the corrected operation time associated to said
at least one subsequent actuation.

The correction time is suitable to at least reduce the
difference between a target operation time and the count-
ed corrected operation time associated to said at least
one subsequent actuation.

Coil actuator for a switching device and related correction method
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Description

[0001] The presentinvention relates to a coil actuator
for a switching device and to a related method for cor-
recting operation times which are counted by the coil ac-
tuator and which are associated to actuations of a switch-
ing device, actuations caused by the coil actuator itself.
[0002] As known, switching devices used in electrical
circuits, such as in low or medium voltage electric circuits,
typically circuit breakers, disconnectors and contactors,
are devices designed to allow the correct operation of
specific parts of the electric circuits in which they are
installed, and of the associated electric loads. For the
purpose of the present disclosure the term "low voltage"
is referred to applications with operating voltages up to
1000V AC/1500V DC, and the term "medium voltage" is
referred to applications in the range from 1 kV to some
tens of kV, e.g. 50 kV.

[0003] Switching devices can be actuated during their
operation from an open position to a closed position so
as to allow a current flowing therethrough, and from the
closed position to the open position so as to interrupt
such current flowing.

[0004] In particular, the switching devices comprise
one or more electrical poles, or phases, each having at
least a contact movable between a first position, or cou-
pled position, in which it is coupled to a corresponding
fixed contact (switching device in the closed position),
and a second position, or separated position, in which it
is spaced away from the corresponding fixed contact
(switching device in the open position).

[0005] A suitable operating mechanism is operatively
associated to the movable contacts so as to cause the
displacement of such movable contacts between the cou-
pled and separated positions.

[0006] Coil-based actuators, hereinafter indicated as
"coil actuators", are frequently used in switching devices,
for example in mechanical operated switching devices
forlow or medium voltage circuits; mechanically operated
switching have an operating mechanism of the known
"stored-energy" type, wherein the energy required for
opening the switching device is stored in suitable elastic
means, such as springs.

[0007] A typical use of a coil actuator is to release me-
chanical parts of the associated switching device, e.g.
corresponding parts of the operating mechanism, so as
to open or close the switching device itself, following an
opening or a closure command and/or event. Examples
of such coil actuators are opening shuntreleases, closure
shunt releases or undervoltage shunt releases, which
are all devices well known in the art.

[0008] Generally, an operation time associated to
opening and/or closure actuation of the switching device
is measured for various tasks, e.g. to implement a diag-
nostic function about the reliability of the switching de-
vice.

[0009] Each measured operation time comprises the
activation time of the coil actuator and the time required
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by the operating mechanism to cause the actuation of
the switching device upon the interaction with the coil
actuator.

[0010] In the state of the art the operation times are
measured by means of portable instruments for service
tasks, or IEDs ("intelligent electronic devices") with ad-
vanced diagnostic functionalities, or electronic protection
relays, or dedicated diagnostic and/or monitoring instru-
ments operatively, which are all operatively connected
to the switching device.

[0011] The use of such additional equipmentimplies a
series of disadvantages, among which: complex wiring
and cabling, high installation costs, and encumbrance
due to the large volume occupied by the additional equip-
ment.

[0012] Furthermore, considering a sequence of actu-
ations of the switching device caused by a coil actuator,
the counted operation times associated to the actuations
of such sequence are distributed around a desired target
operation time for the switching device, generally follow-
ing a Gaussian statistical distribution.

[0013] As known, this undesired effect is mainly due
to the dependence of the operation time to be measured
to the time required by the operating mechanism to cause
the actuation of the switching device. In particular, such
required time can widely vary due for instance to produc-
tion variances, as well as other variables influencing the
performance of the operating mechanism, such as deg-
radation of mechanical parts or the environment temper-
ature.

[0014] The variance of the measured operation times
with respect to the target value is generally not negligible
in view for example of the diagnostic functionality and a
correct operating of the switching device.

[0015] Therefore, at the current state of the art, al-
though known solutions perform in a rather satisfying
way, there is still reason and desire for further improve-
ments.

[0016] Such desire is fulfilled by a coil actuator for an
electric switching device which can be actuated during
its operation from an open position to a closed position
so as to allow a current flowing therethrough and from
the closed position to the open position so as to interrupt
such current flowing. The coil actuator is adapted to
cause actuations of the switching device and comprises
electronic means arranged to:

- count a first operation time associated to a first ac-
tuation of the switching device caused by the coil
actuator;

- determine a correction time by using the counted
first operation time;

- use the correction time to correct an operation time
associated to at least one subsequent actuation of
the switching device caused by the coil actuator and
occurring after the first actuation;

- countthe corrected operation time associated to said
at least one subsequent actuation.
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[0017] The correctiontime is suitable to at least reduce
the difference between a target operation time and the
counted corrected operation time associated to said at
least one subsequent actuation. Such desire is also ful-
filled by a method for correcting operation times counted
by a coil actuator and associated to actuations of a
switching device which are caused by the coil actuator.
The method comprises:

- counting a first operation time associated to a first
actuation of the switching device caused by the coil
actuator;

- determining a correction time by using the counted
first operation time;

- usingthe correction time to correct an operation time
associated to at least one subsequent actuation of
the switching device caused by the coil actuator and
occurring after the first actuation; and

- counting the corrected operation time associated to
said at least one subsequent actuation.

[0018] The correctiontime is suitable to at least reduce
the difference between a target operation time and the
counted corrected operation time associated to said at
least one subsequent actuation. Another aspect of the
present disclosure is to provide a switching device com-
prising at least a coil actuator such as the coil actuator
defined by the annexed claims and disclosed in the fol-
lowing description; another aspect is to provide a switch-
gearcomprising atleast a switching device and/or at least
a coil actuator according to the annexed claims and dis-
closed in the following description.

[0019] Further characteristics and advantages will be
more apparent from the description of exemplary, but
non-exclusive, embodiments of the coil actuator, the re-
lated switching device, and the related correction method
according to the present disclosure, illustrated in the ac-
companying drawings, wherein:

- figure 1 is a schematic view of a switching device
comprising three coil actuators according to the
present disclosure;

- figure 2 is a schematic view of a first possible coil
actuator according to the present disclosure;

- figure 3 is a schematic view of the coil actuator of
figure 2 operatively connected to a power supply and
to a trip circuit supervisor according to the present
disclosure;

- figure 4 is a plot showing the time dependence of
the voltage applied at the input of the coil actuator
in figure 2 during its operation;

- figure 5is a schematic view of a second possible coll
actuator according to the present disclosure;

- figure 6 is a block diagram illustrating a method of
correction related to a coil actuator according to the
present disclosure;

- figure 7 illustrates a first example of implementing a
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step of the method illustrated in figure 6;
- figure 8 illustrates a second example of implement-
ing a step of the method illustrated in figure 7.

[0020] Itshouldbe noted thatinthe detailed description
that follows, identical or similar components, either from
astructural and/or functional point of view, have the same
reference numerals, regardless of whether they are
shown in different embodiments of the present disclo-
sure; it should also be noted that in order to clearly and
concisely describe the present disclosure, the drawings
may not necessarily be to scale and certain features of
the disclosure may be shown in somewhat schematic
form.

[0021] With reference to the exemplary embodiments
of figures 1-5, a coil actuator 1 according to the present
disclosure is adapted to be installed in a switching device
100, such as for example a low or medium voltage circuit
breaker 100, comprising at least a pole 101 having one
or more movable contacts 102 with associated corre-
sponding fixed contacts 103. Contacts 102 are movable
between a coupled position, wherein they are coupled to
the corresponding fixed contacts 103, and a separated
position wherein they are spaced away from the corre-
sponding fixed contacts 103.

[0022] The switching device 100 can be actuated dur-
ing its operation from an open position to a closed position
so as to allow a current flowing therethrough and from
the closed position to the open position so as to interrupt
such current flowing.

[0023] In particular, the displacement of the movable
contacts 102 from the separated position towards the
coupled position allows a current flowing through the cou-
pled movable and fixed contacts 102, 103 (closure actu-
ation of the switching device), and the displacement of
the movable contacts 102 from the coupled position to-
wards the separated position causes the interruption of
such current flowing (opening actuation of the switching
device).

[0024] Figure 1 schematically illustrates a switching
device 100 having for example three poles 101, each
comprising a movable contact 102 and a corresponding
fixed contact 103; such an embodiment has to be under-
stood only as an illustrative and non limiting example,
since the principles and technical solutions introduced in
the following description can be applied to switching de-
vices 100 having a number of poles 101 different with
respectto theillustrate one, such as for example a switch-
ing device 100 with a single pole 101, or two poles 101,
or four poles 101.

[0025] An operating mechanism 104, for example an
energy-stored operating mechanism 104, is operatively
connected to the movable contacts 102 so to cause the
movement of such contacts 102 between the coupled
and separated positions with respect to the correspond-
ing fixed contacts 103, and therefore to cause the actu-
ation of the switching device 100 between its closed po-
sition and its open position.



5 EP 2 693 456 A1 6

[0026] The coil actuator 1 according to the present dis-
closure is adapted to cause actuations of the switching
device 100 where it is installed.

[0027] Accordingtothe exemplary embodiments of fig-
ures 1-5, the coil actuator 1 comprises a coil electromag-
net 2 arranged to move between a rest position (or re-
leased position) and an actuating position (or launched
position), wherein the movement from the rest position
to the actuating position is suitable to cause an actuation
of the switching 100.

[0028] In particular, the coil actuator 1 according to the
present disclosure can be installed and used into the
switching device 100 as a closure actuator 1, wherein
the movement of its coil electromagnet 2 from the re-
leased to the launched position causes the closure of the
switching device 100, i.e. the actuation of the switching
device 100 itself from the open position to the closed
position.

[0029] The coil actuator 1 according to present disclo-
sure can be installed and used in the switching device
100 as an opening actuator 1, wherein the movement of
its coil electromagnet 2 from the released to the launched
position causes the opening of the switching device 100,
i.e. the actuation of the switching device 100 itself from
the closed position to the open position. According to the
exemplary embodiment of figure 2 and to the exemplary
embodiment of figure 5, the coil electromagnet 2 of the
coil actuator 1 comprises one or more parts 3 which are
arranged to move, during the movement of the coil elec-
tromagnet 2 itself from the released to the launched po-
sition, so as to interact with one or more corresponding
parts of the switching device 100; such operative inter-
action between the movable parts 3 of the coil electro-
magnet 2 and the corresponding parts of the switching
device 100 causes the actuation of the switching device
100 itself.

[0030] The coil actuator 1 according to the present dis-
closure comprises for example a case which houses the
coil electromagnet 2 and which is configured for allowing
a part 3 of the coil electromagnet 2 itself, e.g. an anchor
or plunger 3, to move between a first stable position, or
retracted position, wherein it is retracted into the case
(coil electromagnet 2 is in the released, or rest, position),
and a second stable position, or launched position,
wherein at least a portion of the movable part 3 is
launched outside the case (coil electromagnet 2 is in the
launched, or actuating, position).

[0031] The movable part 3 of the coil electromagnet 2
is arranged to release, through its movement from the
retracted to the launched position, one or more corre-
sponding mechanical parts of the operating mechanism
104 of the switching device 100, so as to cause the ac-
tuation of the switching device 100 itself.

[0032] Theopeningactuator 1according to the present
disclosure is installed into the switching device 100 in
such a way that the interaction between the movable
parts 3 of its electromagnet 2 and the corresponding parts
of the switching device 100, e.g. parts of the operating
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mechanism 104, causes the opening of the switching de-
vice 100, i.e. the actuation of the switching device 100
itself from its closed to position to its open position.
[0033] The closure actuator 1 according to the present
disclosure is installed into the switching device 100 in
such a way that the interaction between the movable
parts 3 of its electromagnet 2 and the corresponding parts
of the switching device 100, e.g. parts of the operating
mechanism 104, causes the closure of the switching de-
vice 100, i.e. the actuation of the switching device 100
itself from its open position to its closed position.
[0034] For example, the switching device 100 illustrat-
ed in figure 1 comprises at least an opening actuator 1a
and a closure actuator 1b.

[0035] With reference to the exemplary embodiments
of figures 2 and 5, the coil actuator 1 according to the
present disclosure comprises electronic means 1000,
embedded inside the coil actuator 1 itself.

[0036] The electronic means 1000 are advantageously
arranged to count an operation time Tperation @ssociated
to each actuation of the switching device 100 caused by
the coil actuator 1 itself. The counted operation time
Toperation 1S indicative of the duration of the associated
actuation of the switching device 100, since that the
operation time Tgperation COMPrises:

- an activation time of the coil actuator 1 (i.e. the time
elapsed between a detection by the coil actuator 1
of an intervention request, or need, and the end of
the consequent movement of the coil electromagnet
2, from the rest to the actuating position); and

- atime required by the operating mechanism 104 to
cause the actuation of the switching device 100,
upon the intervention on it of the coil actuator 1.

[0037] It is to be set forth that if the coil actuator 1 is
installed and used in the switching device 100 as an
opening actuator 1, the operation time Tgyeration t0 be
counted is an opening operation time. In that case the
counted opening operation time T ration is indicative of
the duration of the actuation of the switching device 100
from the closed to the open position, since that it com-
prises the time required by the operating mechanism 104
to move the contacts 102 from the coupled to the sepa-
rated position with respect to the corresponding fixed
contacts 103.

[0038] If the coil actuator 1 is installed and used in the
switching device 100 as a closure actuator 1, the oper-
ation time Tperation t0 be counted is a closure operation
time. In that case the counted operation time T ,eration iS
indicative of the duration of the actuation of the switching
device 100 from the open to the closed position, since
thatit comprises the time required by the operating mech-
anism 104 to move the contacts 102 from the separated
to the coupled position with respect to the corresponding
fixed contacts 103.

[0039] For example, in the switching device 100 illus-
trated in figure 1 the opening actuator 1a and the closure
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actuator 1b comprise corresponding electronic means
1000 which are arranged to count opening operation
times and the closure operation times of the illustrated
switching device 100, respectively.

[0040] Preferably, each operation time T g 41i0n @SSO~
ciated to a corresponding actuation of the switching de-
vice 100 comprises a configurable delay time T¢y,,. The
delay time T g4y is set to have operation times Tperation
according to a required target operation time Ti;get Of
the switching device 100.

[0041] In particular, the target operation time Ty, get
may vary due to different normatives or to different typol-
ogies of switching device 100 where the coil actuator 1
could be installed; the operation times Tqperation to be
counted are accordingly adapted to the required target
operation time Ti,q¢t through a suitable initial setting of
their configurable delay time Tgqy-

[0042] Forinstance, the required target opening oper-
ation time Ty,q¢t for @ mechanically operated medium
voltage circuit breaker 100 is generally comprised in the
range between 50 and 73 ms, while the required target
closure operation time Ti,q¢¢ is typically comprised in the
range between 50 and 70 ms.

[0043] Preferably, the electronic means 1000 are ar-
ranged to receive and store such delay time Ty, as a
configurable parameter.

[0044] Preferably, the electronic means 1000 are ar-
ranged to associate the configurable delay time Tg,, to
the activation time of the coil actuator 1, for example in-
troducing such delay T ,, between the detection by the
coil actuator 1 of the intervention request, or need, and
the consequent electrical driving of the coil electromag-
net 2 (to cause the movement thereof from the rest to
the actuating position).

[0045] With reference to the exemplary embodiment
of figures 6-8, the present disclosure is also related to a
method 700 for advantageously correcting the operation
times Tgperation COUNted by the coil actuator 1 and asso-
ciated to the actuations of the switching device 100 which
are caused by the coil actuator 1 itself.

[0046] The electronic means 1000 of the coil actuator
1 are arranged to carry out the method 700 according to
the present disclosure.

[0047] In particular, according to the exemplary em-
bodiment of figure 6, the electronic means 1000 are ar-
ranged to:

- count a first operation time T, 4001 associated to
a first actuation of the switching device 100 caused
by the coil actuator 1 (step 600 of the method 700);

- determine a correction time Ty ection PY USing the
counted operation time Typeration1 (Step 601 of the
method 700);

- use the correction time T
ation time ToperationZ’ Toperation3""ToperationN associ-
ated to at least one subsequent actuation of the
switching device 100 caused by the coil actuator 1
and occurring after the first actuation (step 602 of

correction 0 correct an oper-
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the method 700);

- count the corrected operation time
Toperation2~Toperationn @ssociated to said at least one
subsequent actuation (step 603 of the method 700).

[0048] The determined correction time T ection IS ad-
vantageously suitable to at least reduce the difference
between the target operation time T4 required for the
switching device 100 and the counted corrected opera-
tion time ToperationZ'ToperationN'

[0049] Preferably, the electronic means 1000 are
arranged to receive and store the target operation time
Tiarget for the switching device 100 as a configurable
parameter.

[0050] Preferably, the electronic means 1000 are ar-
ranged to determine the correction time T gy ection PY
comparing the target operation time Ty, 4 to the counted
operation time T q4ti0n1 @ssociated to the first actuation
of the switching device 100. Accordingly the step 601 of
the method 700 comprises determining the correction
time Teorrection PY comparing the target operation time
Ttarget to the counted operation time Tperationt-

[0051] For example, the correction time Ty ection IS
given by the difference between the target operation time
Ttarget @nd the counted operation time Tgperationt- In that
case, the correction time Ty ection COUId be positive or
negate, depending if the counted operation time
Toperationt IS greater or smaller than the target operation
time Tigrget-

[0052] According to the exemplary embodiment of fig-
ure 6, the electronic means 1000 of the coil actuator 1
are arranged to apply at least an amount of the correction
time Torrection to the configurable delay time T g,y Of the
operation time Toperation2 T operahonn Which is associated
to said at least one subsequent actuation of the switching
device 100 occurring after the first actuation.

[0053] Accordingly the step 602 of the method 700
comprises the step 605 of applying at least an amount
of the correction time T qction 10 the configurable delay
time T yg14y Of the operation time Toperation2-T operationN @S-
sociated to said at least one subsequent actuation.
[0054] In this way, the configurable delay time Tdel&ly
of such operation time Tperation2-T operationn IS Mmodified
by applying thereto at least an amount of the correction
time Torrection- SUch modification is the correction suita-
ble for at least reducing the difference between the target
operation time Ti,4¢ and the counted corrected opera-
tion time ToperationZ'ToperationN'

[0055] According to the exemplary embodiment of fig-
ure 7 and considering the first actuation and a second
subsequent actuation of the switching device 100, the
electronic means 1000 are arranged to use the deter-
mined correction time T ection 10 cOrrect the operation
time Tperation2 @ssociated to such second actuation. In
particular, the electronic means 1000 are arranged to
apply the overall determined correction time T action 10
the configurable delay time T g4y Of the operation time
Toperation2 (Method step 603 illustrated in figure 7).
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[0056] Preferably, the overall correction T ection S di-
rectly added the configurable delay time T g, Of the op-
eration time Tperation2-

[0057] According to the exemplary embodiment of fig-
ure 8 and considering the first actuation and a plurality
of subsequent actuations of the switching device 100,
the electronic means 1000 are arranged to:

- divide the determined correction time Ty gction INtO
a plurality of addends Tagq1, Tagg2s - T adan-1 (Meth-
od step 604 illustrated in figure 8); and

- apply each addend T,441, Tagqos-- Taddn-1 tO the
configurable delay time T y,, Of a corresponding op-
eration time ToperationZ’ Toperation3’"-ToperationN which
is associated to an actuation of said plurality of sub-
sequent actuations (method steps 6054, 605,,...
605 illustrated in figure 8).

[0058] Forexample,itis considered a sequence of four
consecutive actuations of the switching device 100
caused by the coil actuator 1. Basing on the counted
operation time Tq,erationt @ssociated to the first actuation
of the sequence, the electronic means 1000 firstly deter-
mine a correction time T, having for instance a
value of 6 ms.

[0059] Then the electronic means 1000 apply:

correction’

- 2 ms (first addend T,44¢) to the configurable delay
time T 5, Of the operation time T, ¢ a1i0n2 @ssociat-
ed to the second actuation of the sequence, occur-
ring after the first actuation;

- 2ms (second addend T,q40) to the configurable de-
lay time T g5, Of the operation time Tqperation3 @sso-
ciated to the third actuation of the sequence, occur-
ring after the second actuation; and

- 2 ms (third addend T,443) to the configurable delay
time Tgyelay Of the fourth actuation of the sequence,
occurring after the third actuation.

[0060] With reference to the exemplary embodiment
of figure 2 and to the exemplary embodiment of figure 5,
the electronic means 1000 of the coil actuator 1 according
to the present disclosure comprise:

- detection means 11 arranged to detect a first event,
or launch event, which is indicative of a request, or
need, for an actuation of the switching device 100;

- driving means 10 operatively associated to the de-
tection means 11 and connected to the coil electro-
magnet 2 of the coil actuator 1.

[0061] The driving means 10 are arranged to electri-
cally drive the coil electromagnet 2 to cause at least the
movement thereof from the released position to the
launched position upon the detection of the launch event
by the detection means 11. The detection means 11 of
the coil actuator 1 are arranged to detect also a second
event which is indicative of the end of the actuation of
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the switching device 100, wherein such actuation is
caused by the coil actuator 1 itself upon the detection of
the launch event and the consequently movement of its
coil electromagnet 2.

[0062] The electronic means 1000 of the coil actuator
1 further comprise counting means 20 which are opera-
tively associated to the detection means 11 and are ar-
ranged to count the operation time Tgpgation @ssociated
to each actuation of the switching device 100 caused by
the coil actuator 1 itself upon the detection of a launch
event.

[0063] Again it is set forth that when the coil actuator
1 is conceived and used in the switching device 100 as
an opening actuator 1, the counted operation time
Toperation IS @n opening operation time associated to the
actuation of the switching device 100 from the closed to
the open position. When instead the coil actuator 1 is
conceived and used in the switching device 100 as a
closure actuator 1, the counted operation time T,erati0n
is a closure operation time associated to the actuation of
the switching device 100 from the open to the closed
position.

[0064] The counting means 20 are arranged to start
counting the operation time T, 4100 When the launch
eventis detected by the detection means 11, and to stop
such counting when the second event is detected by the
detection means 11. Therefore, the detection of the
launch event and the detection of the second event trig-
ger the start and the end, respectively, of the counting
performed by the counting means 20.

[0065] Preferably the driving means 10 are arranged
to apply the configurable delay time Tg|,, Of the opera-
tion time Tgperation t0 be counted between the detection
of the launch event and the consequent electrical driving
of the coil electromagnet 2.

[0066] In particular, considering the implementation of
the step 605 of the method 700, the driving means 10
are arranged to apply the configurable delay time Tgejqy
as modified by applying thereto at least an amount of the
previously determined correction time T o rection, IN SUCh
away to correctthe operationtime T tobe actually
counted.

[0067] Preferably, the electronic means 1000 of the
coil actuator 1 according to the present disclosure com-
prise comparing means 21 operatively associated to the
counting means 20 and arranged to compare the counted
operation time T eration With a temporal acceptance
range T ,nge Which is indicative of an acceptable value
for the switching device 100.

[0068] Preferably, the comparing means 21 are ar-
ranged to receive and store the acceptance range T ;nge
as a configurable parameter.

[0069] Preferably, the coil actuator 1 is arranged to
cause the generation of an alarm signaling, e.g. the gen-
eration of atleast an alarm signal and/or indication, when
the counted operation time Tg,eration €XCe€ds the asso-
ciated temporal range T ;4e-

[0070] The coil actuator 1 according to the exemplary

operation
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embodiment of figure 2 can be installed and used in the
switching device 100 as a shunt opening release 1 (such
as for example the coil actuator 1ain figure 1) configured
for opening the switching device 100 following an open-
ing command and/or signal, or alternatively can be in-
stalled and used in the switching device 100 as a shunt
closure actuator 1 (such as for example the coil actuator
1b in figure 1) configured for closing the switching device
100 following a closure command and/or signal.

[0071] Theopeningand closure commands and/or sig-
nals can be generated automatically by suitable means
or by an operator, and can be generated inside the
switching device 100 or received by remote. For exam-
ple, an opening, or trip, command can be generated by
a protection device installed into the switching device 100
upon the detection of an electrical fault.

[0072] The driving means 10 of the coil actuator 1 ac-
cording to the embodiment of figure 2 are arranged to
electrically drive the coil electromagnet 2 so as to hold it
in the launched position and so as to allow the return
thereof from the launched position to the release position
upon the detection of the second event, or release event,
by the detection means 11.

[0073] Preferably, such driving means 10 comprise a
power input circuit 12 arranged to be operatively con-
nected to and receive an input voltage V;, from at least
a power source, e.g. a power associated to the switching
device 100 and/or to the electric circuit into which the
switching device 100 itselfis installed, for example a pow-
er line 200 associated to the switching device 100 (see
figure 3).

[0074] The power input circuit 12 is arranged to use
the received input voltage V,, to provide a suitable power
supply to several components and/or elements of the coil
actuator 1, in particular to its electronic means 1000.
[0075] For instance, the power input circuit 12 may
comprise one or more input filters and a rectifier to con-
vert the AC voltage received from the power line 200 to
a DC input voltage.

[0076] With reference to figures 2-4, the detection
means 11 are arranged to continuously sense a voltage
indicative of the input voltage V;,, i.e. to sense directly
the voltage V;, applied to the power input circuit 12, or
indirectly through a voltage generated in the coil actuator
1 and depending on such input voltage Vj,.

[0077] In particular, the detection means 11 are ar-
ranged to detect, by means of the sensed voltage, a first
threshold value, or launch threshold value Vy,_5unch, @nd
a second threshold value, or release threshold value
Vin releases Of the input voltage V;,, wherein the launch
threshold value Vin 1aunch iS preferably higher than the
release threshold value Vin release-

[0078] The driving means 10 are operatively associat-
ed to the detection means 11 so as to electrically drive
the coil electromagnet 2 for moving and holding the coil
electromagnet 2 itself in the launched position upon the
detection of the launch threshold value Vy,_qunch- The
launch and hold operations of the coil electromagnet 2
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are executed by the driving means 10 using the power
drawn from the input voltage V,,, having a value above
the launch threshold value Vy, 1aunch-

[0079] The driving means 10 are operatively associat-
ed to the detection means 11 so as to at least reduce,
preferably interrupt, the electrical driving of the coil elec-
tromagnet 2 for allowing the return thereof from the
launched position to the release position, upon the de-
tection of the release threshold value Vi, (gjease Y the
detection means 11. B

[0080] The detection of the launch threshold value
Vih—launch @nd the detection of the release threshold value
Vih relesase are the launch event and the release event
which trigger the start and the end, respectively, of the
counting performed by the counting means 20 (see the
plot illustrated as an example in figure 4).

[0081] In the exemplary embodiment of figure 2, the
coil actuator 1 comprises a single coil electromagnet 2,
i.e. a coil electromagnet 2 having a single electromag-
netic coil 4 operatively associated to the movable part 3
and electrically connected to the driving means 10; in
particular, the driving means 10 are arranged to: gener-
ate a launch current I flowing through the electromag-
netic coil 4 so as to generate a magnetic force suitable
for moving the part 3 from the retracted to the launched
position; and consequently reduce and maintain the
launch current||_at a holding current I, suitable for hold-
ing the movable part 3 in the launched position.

[0082] The driving means 10 illustrated in figure 2 ad-
vantageously comprise a first control unit 31 and a sec-
ond control unit 32, wherein the second control unit 32
is suitable for controlling the current flowing through the
single coil electromagnet 2 and the first control unit 31 is
operatively connected to the second control unit 32 for
setting the current which has to flow through the single
coil electromagnet 2. By using the single coil electromag-
net 2 and the associated first and second control units
31, 32, the number of electromagnetic variables is re-
duced, therefore reducing the manufacturing and han-
dling costs.

[0083] The first control unit 31 can be any electronic
device suitable for receiving and executing software in-
structions, and for receiving and generating output data
and/or signals through a plurality of input and/or output
ports. For example, the controller 31 may be a microcon-
troller 31, such as the MSP430 microprocessor produced
and made available in commerce by Texas Instru-
ments®.

[0084] The driving means 10 comprise a power circuit
37 operatively connected to the single coil electromagnet
2 and to the second control unit 32 so as to generate the
current flowing through the single coil electromagnet 2
according to the control performed by the second control
unit 32. In the embodiment of figure 2 the second control
unit 32 is for example a PWM ("Pulse width modulation")
controller 32 and the associated power circuit 37 com-
prises: an electronic power switch 40 to electrically drive
the single coil electromagnet 2, such as a power MOS-
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FET ("metal-oxide-semiconductor field-effect transis-
tor"); a freewheeling diode 41; and a sense resistor 43
for measuring the current flowing through the single coil
electromagnet 2. In practice, the PWM controller 32 is
configured for driving the power switch 40 through a PWM
signal 400 so as to regulate the current flowing through
the single coil electromagnet 2 according to the settings
received from the control unit 31.

[0085] The power input circuit 12 is operatively con-
nected to the power circuit 37, the first control unit 31 and
the second control unit 32 to provide them the power
required to operate; preferably, a power converter 35 is
provided to convert and adapt the voltage outputted by
the power input circuit 12 into values suitable for supply-
ing the first and second controllers 31, 32.

[0086] The controller 31 stores instructions which,
when executed by the controller 31 itself, carry out the
method 700 according to the present disclosure. In par-
ticular, the stored instructions are suitable to implement
all the functionality blocks required to carry out the meth-
od, among them the detection means 11 and the counting
means 20. If provided, the stored instructions are also
suitable to implement the comparing means 21.

[0087] In particular, the controller 31 is arranged to re-
ceive and store configurable parameters, for example
through a software download operation, comprising at
least the launch and release voltage threshold values
Vin taunch, Vih_release Of the detection means 11, the target
operation time Tiarget: the configurable delay time T,
and the temporal range T of the comparing means
21.

[0088] A jumper 39 can be operatively connected to
the controller 31 to allow the resetting of at least a stored
configurable parameter.

[0089] In order to implement the detection means 11,
an input port 302 of the controller 31 is associated to the
implemented detection means 11 and is electrically con-
nected at the electrical point where the input voltage V;,
is applied to the power input circuit 12 (as shown sche-
matically in figure 2), so as to continuously and directly
sense such input voltage V,,. Alternatively to the exem-
plary embodiment of figure 2, the coil electromagnet 2
may comprise two electromagnetic coils, or windings, op-
eratively associated to the movable part 3, wherein the
driving means 10 connected to such coil electromagnet
2 would be arranged to selectively energize the two coils
for moving the part 3 from the retracted to the launched
position and for holding such movable part 3 in the
launched position, until a release event is detected by
the detection means 11.

[0090] Withreferencetofigure 3,the powerinputcircuit
12 of the shunt release 1 illustrated in figure 2 is opera-
tively connected to the power source 200 through cables
13 and at least a contact 201 is placed along the power
delivery path from the power source 200 to the power
input circuit 12 so as to realize or interrupt such delivery
path according to its closure or opening, respectively.
[0091] In particular, if the coil actuator 1 of figure 2 is
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installed and used into the switching device 100 as an
open shunt release 1 (such as for example the actuator
1a in figure 1), the closure of the contact 201 is driven
by an opening command and/or signal 202. If the coil
actuator 1 of figure 2 is installed and used into the switch-
ing device 100 as a closure shunt release 1 (such as for
example the actuator 1b in figure 1), the closure of the
contact201 is driven by a closure command and/or signal
202.

[0092] Forinstance, the contact 201 may be a contact
of a protection relay, closed upon the occurrence of a
faultevent detected by the protection device itself, or may
be a button actuable by an operator.

[0093] The electrical connection between the power
input circuit 12 and the power supply 200 through the
closure of the contact 201 causes the rising of the input
voltage V,, above the launch threshold value Vy, jaunch:
in such a way that the driving means 10 are supplied with
the power required to perform the launch and hold oper-
ations of the coil electromagnet 2.

[0094] The launch operation of the coil electromagnet
2 causes the opening of the switching device 100 if the
coil actuator 1 is installed and used in the switching de-
vice 100 as a shunt opening release 1, or causes the
closure of the switching device 100 if such coil actuator
1 is installed and used in the switching device 100 as a
shunt closure release 1.

[0095] Accordingly, the counting means 20 starts
counting the operation time T e ation-

[0096] Placed along the power delivery path realized
by the closure of the contact 201 there is also at least an
auxiliary contact 203 which is operatively connected to
one or more movable contacts 102 of the switching de-
vice 100 so as to move between an open operative status
and a closed operative status according to the movement
of the contacts 102.

[0097] The auxiliary contact 203 is suitable for inter-
rupting the associated delivery path when it moves from
its closed to its open status. In particular, if the coil actu-
ator 1 of figure 3 is installed and used in the switching
device 100 as a shunt opening release 1, the auxiliary
contact 203 is operatively connected to the correspond-
ing movable contacts 102 so as to be in its closed status
while the switching device 100 is in its closed position,
and to reach its open status at the end of the opening
operation of the switching device 100 caused by the shunt
opening release 1 itself, i.e. when the movable contacts
102 reach their separated position with respect to the
corresponding fixed contacts 103.

[0098] If the coil actuator 1 of figure 3 is installed and
used in the switching device 100 as a shunt closure re-
lease 1, the auxiliary contact 203 is operatively connect-
ed to the corresponding movable contacts 102 so as to
be in the closed status while the switching device 100 is
in its open position, and to reach its open status at the
end of the closure of the switching device 100 caused by
the shunt closure release 1, i.e. when the movable con-
tacts 102 reach their coupled position with respect to the
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corresponding fixed contacts 103.

[0099] With reference to the exemplary embodiment
of figure 5, the coil actuator 1 according to the present
disclosure can be conceived and installed into the asso-
ciated switching device 100 to operate as a shunt und-
ervoltage release 1, i.e. to intervene for opening and/or
the switching device 100 upon the detection of an und-
ervoltage condition. For example, the switching device
100 in figure 1 comprises a shunt undervoltage release
1c.

[0100] According to the exemplary embodiment of fig-
ure 5, the driving means 10 of the electronic means 1000
embedded in the undervoltage shunt release 1 are op-
eratively connected to at least a power source (depicted
in figure 5 by the block indicated with the numeral refer-
ence 500) that is associated to the switching device 100
and/or to the electric circuit into which such switching
device 100 is installed. In particular, the undervoltage
shunt release 1 is connected to the power source 500 so
as to receive therefrom the power required to hold the
coil electromagnet 2 in its released (or rest) position, e.g.
the power required to keep the movable part 3 of the coil
electromagnet in the retracted position against a force
generated by compressed elastic means.

[0101] Thedetection means 11 of the electronicmeans
1000 embedded in the undervoltage release 1 are ar-
ranged to detect a condition, or event, indicative of the
occurrence of the undervoltage condition. For instance,
the detection means 11 are arranged to:

- continuously sense a voltage associated to the pow-
er source 500, i.e. to sense directly the supply volt-
age Vgppy Of the power source 500 or indirectly
through a voltage generated in the shunt release 1
and depending on such voltage Vo,

- detect the undervoltage condition, by means of the
sensed voltage, when the supply voltage Vg, falls
below a predetermined undervoltage threshold val-
ue.

[0102] The driving means 10 are arranged to at least
reduce, preferably interrupt, the energizing of the coil
electromagnet 2 so as to cause the movement of the part
3 from the retracted to the launched position upon the
detection of the undervoltage condition.

[0103] The detection of the undervoltage condition by
the detection means 11 is the launch event that triggers
the start of the counting of the opening operation time
Toperation Py means of the counting means 20 provided
in the electronic means 1000.

[0104] The detection means 11 are also arranged to
detect the event indicative of the end of the opening of
the switching device 100, opening operation caused by
the shunt undervoltage release 1; such detection is the
event that triggers the end of the counting of the opening
operation time Tperation-

[0105] For example, the detection means 11 in figure
5 are arranged to detect an electrical signal 501 suitable
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for signaling the end of the opening operation of the
switching device 100 caused by an undervoltage condi-
tion, such as a signal 501 generated by the closure of a
contact 302 operatively connected to one or more of the
movable contacts 102 of the switching device 100 so as
to close when such one or more movable contacts 102
reach their separated position with respect to the corre-
sponding fixed contacts 103.

[0106] Preferably the driving means 10 are arranged
to apply the configurable delay time Tg|,, Of the opera-
tion time T e ation to be counted, between the detection
of the undervoltage condition and the consequent elec-
trical driving of the coil electromagnet 2 (to cause the
movement of the part 3 from the retracted to the launched
position).

[0107] In particular, considering the implementation of
the step 605 of the method 700, the driving means 10
are arranged to apply the configurable delay time T,
as modified by applying thereto at least an amount of the
previously determined correction time T ;g ections iN SUCh
away to correct the operation time T, ation to be count-
ed.

[0108] The undervoltage shunt release 100 illustrated
in figure 5 further comprises: the comparing means 21
for comparing the counted opening operation time
Toperation With the temporal range T ;nge; and alarm
generating means 510 operatively associated to the
comparing means 21 and arranged to generate an alarm
signal and/or indication if the counted opening operation
time T peration €Xceeds the temporal range T ;6.
[0109] The coil actuator 1 according to the present dis-
closure is arranged to provide a continuous power supply
to its electronic means 1000, at least for a time required
to implement the various steps of the method 700 ac-
cording to the present disclosure.

[0110] If the comparing means 21 are provided, the
coil actuator 1 is also arranged to provide a continuous
power supply to such comparing means 21, at least for
a time required to complete the comparison operation.
[0111] For example, the undervoltage shunt release 1
according to the embodiment of figure 5 comprises at
least a backup capacitor 511 suitable for storing energy
drawn by the Vg, applied to the undervoltage shunt
release 1 and connected at least to the electronic means
1000 so as to release the stored energy thereto, starting
from the occurrence of the undervoltage condition.
[0112] Itisto be setforth that the backup capacitor 511
(or alternatively other suitable energy storage means) is
also connected to: the detection means 11, so as to pro-
vide them the power required to detect the signal 501
indicative of the end of the opening operation of the
switching device 100, even during the undervoltage con-
dition; and the alarm generating means 510, so as to
provide them the power required to generate the alarm
signaling, even during the undervoltage condition.
[0113] According to a first exemplary solution, the coil
actuator 1 according to the embodiment of figure 2 can
comprise a backup capacitor connected to the power in-
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put circuit 12 so as to be charged while the input voltage
Vi, is applied to the coil actuator 1 itself by the power
source 200. Advantageously, the backup capacitor may
be the smoothing capacitor usedin the power input circuit
12 to rectify the AC voltage received from the power line
200 to a DC input voltage.

[0114] With reference to figure 3, at the opening of the
auxiliary contact 203 the application of the input voltage
Vi, to the power input circuit 2 of the coil actuator 1 stops,
and the backup capacitor releases the stored energy to
supply the electronic means 1000.

[0115] According to a second exemplary solution, the
electronic means 1000 of the coil actuator 1 according
to the embodiment of figure 2 are operatively connected
to the power input circuit 12 of the driving means 10. The
power input circuit 12 is in turn arranged to be operatively
connected to the associated power source 200 so as to
receive therefrom the power required to continuously
supply at least a minimum input voltage Vi, i, to the
electronic means 1000; the minimum inpl_Jt voltage
Vin miniS suitable for providing the electronic means 1000
with the power required to complete at least the required
steps of the method 700.

[0116] With reference to figures 2-3, the coil actuator
1 is advantageously arranged to be operatively connect-
ed a trip circuit supervisor 150 installed into the switching
device 100.

[0117] The trip circuit supervisor 150 is arranged to
check the integrity of the coil electromagnet 2, e.g. the
integrity of the electromagnetic coil 4 in the coil actuator
1 illustrated figure 2, and of the driving means 10 asso-
ciated thereto (coil supervision and feedback routine).
For example, the trip circuit supervisor 150 may be a
supervision relay of the type well known in the art, and
therefore not further described herein.

[0118] According to the exemplary embodiment of fig-
ure 2, the power input circuit 12 of the coil actuator 1 is
arranged to be operatively connected to the trip circuit
supervisor 150 so as to continuously receive, through
such trip circuit supervisor 150, the power required to
supply the minimum input voltage V tothe electronic
means 1000.

[0119] For example, the power input circuit 102 in fig-
ure 2 provides, through the trip circuit supervisor 150,
the minimum input voltage V,, i, to the first control unit
31, the PWM controller 32, and the power circuit 37. In
practice, the input minimum voltage V;, ., is suitable to
supply the minimum power required from the coil actuator
1 to work and perform its main functionalities.

[0120] With reference to figure 3, the trip circuit super-
visor 150 is placed along a power delivery path from the
power source 200 to the power input circuit 12 of the coil
actuator 1, wherein such delivery path is parallel with
respect to the power delivery path comprising the contact
201 and the auxiliary contact 203. In this way, when the
contact 201 or the auxiliary contact 203 interrupts the
associated power delivery path, the coil actuator 1 re-
mains powered to work through the trip circuit supervisor
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150.

[0121] The detection means 11 of the coil actuator 1
according to such embodiment are also arranged to de-
tect the minimum input voltage V;, i, and the driving
means 10 are arranged to electricall_y drive the coil elec-
tromagnet 2 to generate a coil supervisor current | . flow-
ing through such coil electromagnet 2 when the input
voltage V;, is detected to be in the range comprised be-
tween the minimum input voltage V;, nand the release
threshold value Vi, (gjease- The coll supervisor current les
is lower than the currents generated by the driving means
10 to perform the launch and hold operations of the coil
electromagnet 2; for example, the supervisor current | ¢
is lower than the launch current I and the hold current
Iy flowing through the electromagnetic coil 4 of the coil
actuator 1 illustrated in figure 2.

[0122] The current I, flowing through the trip circuit
supervisor 150 depends on the supervisor current I
flowing through the coil electromagnet 2; the driving
means 10 are arranged to: monitor the current | or at
least a parameter associated to such current Ig; check
the integrity of the coil electromagnet 2 basing on such
monitoring of the supervisor current | ¢; at least reduce,
preferably interrupt, the current | upon the checking of
a failure in the coil electromagnet 2.

[0123] The trip circuit supervisor 150 is configured for:
sensing the current |, flowing therethrough; detecting
the reduction of the such current | below a first prede-
termined threshold, wherein the reduction of the current
lis is due to the reduction of the supervisor current |;
and generating an alarm signaling 151 upon such detec-
tion.

[0124] In the exemplary embodiment of figure 2 an in-
put port 300 of the controller 31 is operatively connected
to the output 301 of the PWM controller 32 from which
the PWM signal 400 is sent to the MOSFET 40; for ex-
ample, a low pass filter 38 is used to convert the PWM
signal 400 into a voltage suitable for being measured by
the controller 31.

[0125] The controller 31 measures the duty cycle "D"
of the PWM signal 400, such duty cycle D depending on
the input voltage V;,, the current set by the controller 31
and the coil impedance of the single coil electromagnet
2 (i.e. the electricalimpedance associated to electromag-
netic coil 4).

[0126] Therefore, the measurement of the duty cycle
D provides an indication on the integrity of the single coil
electromagnet 2. In particular, the controller 31 is config-
ured for comparing the measured duty cycle D to a pre-
determined acceptance range, preferably a configurable
acceptance range, and for changing the current settings
sent to the PWM controller 32 to at least reduce, prefer-
ably interrupt, the current |4 flowing through the single
coil electromagnet 2 when the measured duty cycle D
exceeds the acceptance range.

[0127] The current |, is therefore reduced so as to ac-
tivate the alarm signaling 151 of the trip circuit supervisor
150. In particular, the current |, flowing through the trip
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circuit supervisor 150 can be calculated as follows:

Itc = Ics - D+Iq,

wherein Iq is a quiescent current, i.e. the current needed
by the coil actuator 1 to stay active and work.

[0128] Hence, if the supervision current | is interrupt-
ed by the controller 31 due to a failure in the single coll
electromagnet 2, the current |, is reduced to the quies-
cent current Iq which has a value below the set first pre-
determined threshold for activating the alarm signaling
151. According to the exemplary embodiment of figure
2, the comparing means 11 and the driving means 10 of
the coil actuator 1 are operatively associated each other
(in particular in the coil actuator 1 of figure 2 are both
implemented by the controller 31), and the driving means
10 are advantageously arranged to at least reduce, pref-
erably interrupt, the supervisor current | when the com-
paring means 11 detect that the counted operation time
Toperation €Xceeds the temporal range T, of the com-
paring means 21.

[0129] In this way the supervisor current I is reduced
by the driving means 10 so as the current I;, flowing
through the trip circuit supervisor 150 falls below the first
predetermined threshold. In practice, such reduction of
the supervisor current | ¢ simulates the detection of a
failure in the coil electromagnet 2 and consequently ac-
tivates the alarm signaling 151 already provided in the
trip circuit supervisor 150.

[0130] Alternatively, the shunt trip supervisor 150 may
be configured for discriminating between a first condition
wherein a fault occurs in the supervised coil electromag-
net 2 and a second condition wherein the counted oper-
ation time Tperation €XCeeds the temporal range T gpge.
[0131] In this way, the shunt trip supervisor 150 can
be arranged to generate two different alarm signaling,
one indicative of the first condition and the other of the
second condition. For example, the driving means 10 can
be arranged to reduce the supervisor current | ¢ so as
the current |;; flowing through the trip circuit supervisor
150 falls below a second predetermined threshold, dif-
ferent with respect to the first threshold, when the com-
paring means 11 detect that the counted operation time
Toperation €xceeds the temporal range Ty,4 Of the de-
tection means 11.

[0132] In particular, if such second threshold is set
above the first threshold, the shunt trip supervisor 150 is
arranged to detect when the current I,; which has fallen
below the second threshold also falls below the first
threshold; if the current I, falls below also to the first
threshold, the trip circuit supervisor 150 is arranged to
generate the alarm signaling 151 indicative of a fault in
the supervised coil electromagnet 2. If the current |, does
not fall below also to the first threshold, the trip circuit
supervisor 150 is arranged to generate an alarm signal-
ing, different to the above mentioned alarm signaling 151,
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which is dedicate for signaling the exceeding of the tem-
poral range T zn4e.

[0133] If the second threshold is set below the first
threshold, the shunt trip supervisor 150 is arranged to
detect when the current |, which has fallen below the
first threshold also falls below the second threshold; if
the current |, falls below also the second threshold, the
trip circuit supervisor 150 is arranged to generate an
alarm signaling indicative of the exceeding of the tempo-
ral range T ,nge- If the current i, does not fall below also
to the second threshold, the trip circuit supervisor 150 is
arranged to generate the alarm signaling 151 indicative
of a fault in the supervised coil electromagnet 2.

[0134] In practice, it has been seen how the coil actu-
ator 1, and the related switching device 100 and method
700 according to the present disclosure allow achieving
the intended object offering some improvements over
known solutions.

[0135] In particular, the coil actuator 1 is arranged to
count by itself the operation times Tqperation @ssociated
to the actuations of the switching device 100, therefore
providing an easy and economical solution that does not
require other additional or external equipments connect-
ed to the switching device 100. In this way, additional
and complex cabling and wiring, extra-costs, and encum-
brance into the switching device 100 are avoided.
[0136] Furthermore, the disclosed method 700 (carried
out by the electronic means 1000 of the coil actuator 1)
is suitable to correct the operation times T, ation @5SO-
ciated to the actuations of the switching device caused
by the coil actuator 1, in such a way as the counted cor-
rected operation times Tperation Femain all close to the
required target operation time Ti,q; Of the switching de-
vice 100, despite of the variations manly introduced by
the operation of the operating mechanism 104.

[0137] In this way, the operative live of the switching
device 100 is improved because all the operations/
functionalities which are associated to the switching
device 100 and synchronized to the counted operation
time Toperation AN OCcUr more correctly about at the
required target time Ty, get.

[0138] The correction method 700 also improves the
adaptability of the coil actuator 1 to different switching
devices 100, having the same required target operation
time T, 46t but different times required by their operating
mechanisms 104 to actuate the switching device them-
selves. In that case, the method 700 automatically cor-
rects the operation times T, ¢ 4ti0n to remain close to the
targetoperation time T, 4, despite of the time difference
between the times required by the actuating mechanism
104 of the first and second switching devices 100. Fur-
thermore, a trip circuit supervisor 150 can be advanta-
geously connected to the coil actuator 1 in such a way
that, after the auxiliary contact 103 opens, the coil actu-
ator 1 remains powered to work.

[0139] In particular, the coil actuator 1 may be config-
ured for activating the alarm signaling 151 already pro-
vided in the trip circuit supervisor 150 for signaling failures
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in the associated electromagnetic coil 2, so as to signal
also undesired conditions of unduly operation long times
for closing or opening the switching device 100.

[0140] Such results are achieved thanks to a solution
which in principle makes the coil actuator 1 and the re-
lated switching device 100 according to the present dis-
closure easy to be used in connection with a switchgear.
Hence, the present disclosure also encompasses a
switchgear comprising at least a switching device 100
and/or at least a coil actuator 1 according to the present
disclosure.

[0141] Moreover, all parts/components can be re-
placed with other technically equivalent elements; in
practice, the type of materials, and the dimensions, can
be any according to needs and to the state of the art.
[0142] Forexample, alternatively to the exemplary em-
bodiment of figure 2 the controller 31 may be arranged
to directly generate an alarm signaling upon the detection
of a counted operation time T ¢ 41j0n €Xceeding the pre-
determined temporal range T ange-

[0143] Furtheritis to be understood that the functional
blocks in the coil actuator 1 according to present disclo-
sure, i.e. the driving means 10, the counting means 20,
the detection means 11, and the comparing means 21,
may be allimplemented in a single electronic unit through
the execution of suitable instructions, or alternatively one
or more of such functional block may be implemented by
dedicated electronic means and/or units suitably con-
nected each other. For example, the counting means 20
may be implemented by a digital counter 20 triggered by
the detection means 11, which in turn may be implement-
ed for example by an electronic circuit comprising a com-
parator.

[0144] Although the controller 31 has been indicated
to be for example a microprocessor, such controller 31
can also be a microcomputer, a minicomputer, a digital
signal processor (DSP), an optical computer, a complex
instruction set computer, an application specific integrat-
ed circuit, a reduced instruction set computer, an analog
computer, a digital computer, a solid-state computer, a
single-board computer, or acombination of any of theses.
[0145] Further, instructions, data, signals and param-
eters can be delivered to the controller 31 via electronic
data carts, manual selection and control, electromagnet-
ic radiation, communication buses, and generally
through any suitable electronic or electrical transfer.

Claims

1. A coil actuator (1) for an electric switching device
(100) which can be actuated during its operation from
an open position to a closed position so as to allow
a current flowing therethrough and from said closed
position to said open position so as to interrupt such
current flowing, said coil actuator (1) being adapted
to cause actuations of said switching device (1) and
characterized in that it comprises electronic means
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(1000) arranged to:

- count (600) a first operation time (Typeration1)
associated to a first actuation of the switching
device (100) caused by the coil actuator (1);

- determine (601) a correction time (T .o rection)
by using the counted first operation time
(Toperation1);

- use (602) said correction time (Tqyrection) O
correct an operation time (T gperation2T operationN)
associated to at least one subsequent actuation
of the switching device (100) caused by the coil
actuator (1) and occurring after said first actua-
tion;

- count (603) the corrected operation time
(ToperationZ'ToperationN) associated to said at
least one subsequent actuation;

wherein said correction time (T .y ection) 1S Suitable
to at least reduce the difference between a target
operation time (Tiyqet) @nd the counted corrected
operation time (Toperation2™ T operationn) @ssociated to
said at least one subsequent actuation.

The coil actuator (1) according to claim 1, wherein
said electronic means (1000) are arranged to deter-
mine said correction time by comparing (601) said
target operation time (Tigqer) to said counted first
operation time (Toperationt)-

The coil actuator (1) according to claim 1 or 2, where-
in said first operation time (T peration1) @nd the oper-
ation time (Toperation2- Toperationn) @ssociated to said
at least one subsequent actuation comprise a con-
figurable delay time (T yg|4y)-

The coil actuator (1) according to claim 3, wherein
said electronic means (1000) are arranged to apply
(605) at least an amount of said correction time
(Tcorrection) to the configurable delay time (Tyg)ay) Of
the operationtime (T eration2T operationn) @ssociated
to said at least one subsequent actuation, so as to
modify said configurable delay time (T g¢jay)-

The coil actuator (1) according to claim 4, wherein
said at least one subsequent actuation comprises at
least a second actuation of the switching device oc-
curring after said first actuation, and wherein said
electronic means (1000) are arranged to apply (605)
said correction time (T ;g eciion) t0 the configurable
delay time (T ygay) Of the operation time (Tqperation2)
associated to said second actuation

The coil actuator (1) according to claim 4, wherein
said at least one subsequent actuation comprises a
plurality of subsequent actuations of the switching
device (100), and wherein said electronic means
(1000) are arranged to:
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- divide (604) said determined correction time
(Tcorrection) iNto a  plurality of addends
(Tadd1-Tadan-1); and

- apply (6054-605_¢) each addend of said plu-
rality of addends (T 441-Tagan-1) to the config-
urable delay time (T yg|4y) Of @ corresponding op-
eration time (T gperation2-Toperationn) Which is as-
sociated to an actuation of said plurality of sub-
sequent actuations.

The coil actuator (1) according to one or more of the
preceding claims, comprising a coil electromagnet
(2) arranged to move between arest position and an
actuating position, wherein the movement from the
rest position to the actuating position is suitable to
cause the actuation of said switching device (100),
and wherein said electronic means (1000) comprise:

- detection means (11) arranged to detect a first
event;

- driving means (10) operatively associated to
said detection means (11) and operatively con-
nected to said coil electromagnet (2), said driv-
ing means (10) being arranged to electrically
drive the coil electromagnet (2) to cause the
movement of such coil electromagnet (2) from
the rest position to the actuating position upon
the detection of said first event by the detection
means (11), said detection means (11) being
arranged also to detect a second event which is
indicative of the end of the actuation of the
switching device (100) caused by said move-
ment of the coil electromagnet (2) from the rest
position to the actuating position;

- counting means (20) operatively associated to
said detection means (11) and arranged to start
counting when said first event is detected by the
detection means (11) and to stop such counting
when the second event is detected by the de-
tection means (11).

The coil actuator (1) according to claim 7, wherein
said driving means (10) are arranged to apply said
configurable delay time (T yglqy) between the detec-
tion of said first event and the consequent electrical
driving of the coil electromagnet (2).

The coil actuator (1) according to claim 7 or claim 8,
wherein said driving means (10) comprise a power
input circuit (12) arranged to be operatively connect-
ed to and receive an input voltage (V;,,) from at least
a power source (200), said detection means (11) be-
ing arranged to sense a voltage indicative of said
inputvoltage (V,,) and to detect afirst threshold value
(Vih 1aunch) @nd a secondthreshold value (Vi rgjease)
of such input voltage (V,,), wherein the detection of
said first threshold value (Vy, jqunch) @nd the detec-
tion of said second threshold value (Vih_release) COr-
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respond to said first event and said second event,
respectively.

The coil actuator (1) according to claim 7 or 8, where-
in said driving means (10) are operatively connected
to at least a power source (500) so as to receive
therefrom the power required to hold the coil elec-
tromagnet (2) in the rest position, and in that said
detection means (11) are arranged to detect the fall-
ing of a voltage (Vg pp1y) associated to said at least
a power source (500) below a predetermined und-
ervoltage threshold value, wherein the detection of
such voltage falling corresponds to said first event.

A switching device (100) characterized in that it
comprises at least a coil actuator (1) according to
one or more of claims 1-10.

A switchgear characterized in that it comprises at
least a switching device (100) according to claim 11
and/or at least a coil actuator (1) according to one
or more of claims 1-10.

A method (700) for correcting operation times
(Toperationt~Toperationn) cOUNted by a coil actuator (1)
and associated to actuations of a switching device
(100) which are caused by said coil actuator (1), the
method characterized in that it comprises:

-counting (600) afirst operation time (T peration1)
associated to a first actuation of the switching
device (100) caused by the coil actuator (1);

- determining (601) a correction time (T ¢y rection)
by using the counted first operation time
(Toperation1);

- using (602) said correction time (T ., rection) 10
correct an operation time (Tgperation2T operationN)
associated to at least one subsequent actuation
of the switching device (100) caused by the coil
actuator (1) and occurring after said first actua-
tion;

- counting (603) the corrected operation time
(ToperationZ'ToperationN) associated to said at
least one subsequent actuation;

wherein said correction time (T, rection) IS Suitable
to at least reduce the difference between a target
operation time (Ti,461) and the counted corrected
operation time (Toperation2™ T operationn) @ssociated to
said at least one subsequent actuation.

The method (700) according to claim 13, wherein
determining said correction time (T, com-
prises:

correction)

- comparing (601) said target operation time
(Ttarget) to said counted first operation time

(Toperation1)-
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The method (700) according to claim 13 or 14,
wherein said first operation time (Tqperationt) @nd the
operation time (Tgperation2T operationn) @ssociated to
said at least one subsequent actuation comprises a
configurable delay time (T ygay)-

The method (700) according to claim 15, wherein
using (602) said correction time to correct the oper-
ation time (Toperation2 Toperationn) @ssociated to said
at least one subsequent actuation comprises:

- applying (605) at least an amount of said cor-
rection time (T ;orection) t0 the configurable delay
time  (Tgelyy) of the operation time
(ToperationZ'ToperationN) associated to said at
least one subsequent actuation, so as to modify
said configurable delay time (T yg|4y)-

The method (700) according to claim 16, wherein
said atleast one subsequent actuation of the switch-
ing device (100) comprises at least a second actu-
ation occurring after said first actuation, and wherein
applying (605) said at least an amount of the correc-
tion time (T oprection) COMPprises:
- applying (605) said correction time (T .o rection)
to the configurable delay time (T4¢5y) of the op-
eration time (T peration2) @ssociated to said sec-
ond actuation.

The method (700) according to claim 16, wherein
said at least one subsequent actuation of the switch-
ing device (100) comprises a plurality of subsequent
actuations, and wherein applying (605) at least an
amount of said correction time (T, compris-
es:

correction)

- dividing (604) said correction time (T orection)
into a plurality of addends (T 441~ Taddn-1);

- applying (6054-605,_1) each addend of said
plurality of addends (T 34q1-T aqan-1) t0 the con-
figurable delay time (Tdelay) of a corresponding
operation time (Toperation2-Toperationn) Which is
associated to an actuation of said plurality of
subsequent actuations.
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