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(54) Device for controlling the opening/closing of electrical switchgear and related procedure

(57) Control device for the opening/closing of elec-
trical switchgear such as circuit-breakers, isolators,
reclosers and the like, in an electricity distribution and/or
transmission network characterised by the fact that it
comprises:

- an actuator with adjustable law of motion;
- a processing and control unit that receives an oper-

ating command and sends a control signal to the
actuator that is processed in relation to:

- a predetermined nominal behaviour;

- direct or indirect information on the position, veloc-
ity, acceleration of the mobile part of said switch-
gear;

- information on the change, in relation to the nomi-
nal behaviour, of the entire actuator-kinematic
chain-switchgear controlled system;

in such a way as to realise the desired law of motion of
said mobile part.
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Description

[0001] The present invention relates to a control
device for the opening/closing of electrical switchgear
such as circuit-breakers, isolators, reclosers and the
like, in an electricity distribution and/or transmission net-
work, and related method.
[0002] More specifically, the present invention
relates to a control device that makes it possible to
adjust the control parameters in input to an actuator in
real time, thus allowing to obtain a desired law of motion
for the moving parts of the switchgear moved by it.
[0003] As it is known, the switchgear operation is
executed in relation to a control signal sent, for example,
by a control panel or by a protection logic; in particular,
this signal is sent to an actuator that causes the switch-
gear associated with it to perform a corresponding
opening or closing operation.
[0004] In the prior art the actuators used for this
purpose, generally of mechanical type, operate accord-
ing to a law of motion that is not adjustable, not allowing
the force they apply to the switchgear to be controlled.
The behaviour of the actuator can therefore be defined
as "binary", which is to say the force applied is either
none or the maximum. This generally leads to oversize
both the actuator and the energy storage system
required to feed it in order to cope with every possible
condition of use of the switchgear during its operating
life; in this way the switchgear is in most cases supplied
with more energy than it actually requires for the opera-
tion, which has a detrimental effect on the energy effi-
ciency of the system and increases the energy
dissipated in the impact at the end of the operation with
consequent high mechanical stresses on the switch-
gear and lower overall reliability of the system. In addi-
tion, with these actuators it is impossible to stop an
operation once it has started, which prevents one from
improving the co-ordination of the circuit breakers in an
electrical network; for example, it is not possible for a
circuit-breaker to cancel its operation once it has started
if it detects that a circuit-breaker downstream that elimi-
nates the fault has been tripped, which would prevent it
from opening and cutting off the power to fault-free parts
of the electrical system and interrupting the service of
the loads connected to it without reason.
[0005] One aspect that is essential to note consists
in the fact that, using such actuators with a non-adjust-
able law of motion, the opening or closing operation
obtained (simultaneously for all three phases) is gener-
ally asynchronous in relation to the phases of the elec-
trical parameters, which is to say they do not have any
temporal relationship with the electrical network; this in
most cases leads to the generation of transients in the
electrical network due to prestrike phenomena during
closing and restrike phenomena during opening. In par-
ticular, depending on the type of load present in the
electrical network, an operation performed at a non-
optimal moment could cause high frequency oscillation

phenomena with high amplitudes compared to the rated
values of the electrical parameters of the electrical net-
work; the current values can, for example, even rise sev-
eral orders of magnitude higher than the rated current
value. These transients clearly subject the electrical
network to anomalous stress and have the potential to
reduce the expected life of the equipment connected to
the electrical network; moreover they lead in any case to
a greater wear of the contacts of the switchgear itself
and consequently reduce its useful life.

[0006] In the prior art, some solutions have been
proposed with the aim of making the operation of the
switchgear synchronous with the electrical network in
which it is used to thereby limit the problems explained
above. It should be emphasised that the opening and/or
closing operation may be considered synchronous
when, having set an ideal tripping moment in relation to
the type of load and the mode in which it is connected to
the electrical network, such as the zero voltage for a
capacitor or the peak voltage for a reactive load, for
example, the end-of-operation moment falls within a
synchronism time window around the ideal moment in
which the transients obtained are sufficiently low.
[0007] One of the solutions proposed is illustrated
in United States patent No. 5119260 which faces the
problem regarding only the synchronised opening of an
inductive load at a predetermined time in relation to the
natural passage of the current through zero in such a
way as to avoid overvoltages. In this patent, the time for
the operation is provided, measured during one or more
previous operations, in order to keep the opening oper-
ation within the synchronisation time window. In order to
take account of the fact that the operating time is not
constant but varies in relation to the ambient tempera-
ture and the opening coil temperature, these tempera-
tures are supplied to the controller using an appropriate
sensor. In particular, the controller is equipped with a
system that is able to evaluate the characteristics of the
variation in the operating time in relation to the temper-
ature measured values; moreover, in order to take into
account possible variations in the operating time in rela-
tion to the period of time that has elapsed between two
successive operations, the controller also receives a
measurement of this period of time and uses it to cor-
rect the operating time envisaged using a special prede-
termined function. The control time in relation to the
envisaged zero is then calculated in relation to the
behaviour observed during the previous operations and
the influencing factors considered, namely the tempera-
ture and the time that has elapsed between two consec-
utive operations.
[0008] This solution therefore assumes a precise
knowledge of the electrical and mechanical behaviour
of the device in relation to the aforesaid variables; this
knowledge derives from characterisation measure-
ments performed in a test phase regarding a sample of
devices that is considered to be significant regarding
the behaviour of every possible similar switchgear prod-
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uct manufactured.

[0009] The main limitation of the solution resides in
the accuracy with which one is able to represent the
behaviour of a specific circuit-breaker, in particular tak-
ing into account the different stresses to which it may be
subjected during its operating life and, therefore, the
mechanical and electrical wear that influences the oper-
ating time.
[0010] Furthermore, the use of a processor that cal-
culates the actual operating time taken in real time
makes it possible to evaluate the error committed, in
relation to the predetermined operating time, only at the
end of the operation itself and thus precludes any form
of corrective action during its execution; since the cor-
rection to be applied is therefore evaluated in relation to
the previous operation it is not possible to guarantee
that the synchronism condition will be respected in the
next operation.
[0011] Finally, it is to underline the fact that the
inventors of the device illustrated did not equip it for
opening operation in the event of a fault and thus during
the transient of short circuit currents.
[0012] Another solution is illustrated in US patent
5,361,184 which faces the problem concerning the con-
trol of the circuit breakers or isolating equipment both in
the opening and closing phases, taking the optimal
moment of operation to be the zero voltage for closing
and the zero current for opening. In particular, in the
illustrated device, the actual operating time taken is
recorded during every operation; in addition, the device
is equipped with means for detecting transients in order
to evaluate whether the operation has been performed
synchronously. If this is not the case, the device pro-
duces a signal for correcting the predetermined operat-
ing time for subsequent operations and obtaining
synchronous operation; in addition a suitable ambient
compensation system makes it possible to perform fur-
ther corrections that take into account the influence of
the temperature and of the atmospheric pressure on the
predetermined operating time.
[0013] The main limit of the solution therefore
resides in the fact that the device relies on prior knowl-
edge of the behaviour of the circuit breakers and/or iso-
lators in relation to the ambient factors. In addition, the
adaptive correction of the operating time following the
result of a previous operation can lead to oscillations
and does not ensure that synchronisation is achieved.
Finally, taking the zero voltage in closing and the zero
current in opening to be the optimum time for perform-
ing the operation limits the possible cases for applica-
tion of the device; it is for example entirely unsuited to
closing upon inductive loads.
[0014] In this solution, further errors can be caused
by the chosen modes of synchronisation with the elec-
trical network signals that either employ the use of a
voltage reference and the determination of a current ref-
erence from a phase angle measurement that is subse-
quently considered to be constant, or determine the

moments of passing through the zero voltage from a
single measurement, assuming the electrical network to
be symmetrical and therefore operating with delays of
120° electrical degrees. This method of detecting the
reference moments (zeros) makes the system ineffec-
tive with distorted voltages, in the presence of transient
components and, more generally, with network parame-
ters that have harmonic or non-symmetrical compo-
nents and is therefore not applicable for synchronous
opening upon faults.

[0015] In conclusion therefore, although the afore-
mentioned solutions enable the said problems to be
partially resolved in specific cases they are not, how-
ever, able to guarantee that synchronism is achieved in
the actual time since even in those cases where adap-
tive control methods are adopted they do not act on the
operation in progress but only introduce estimated cor-
rections that have an effect, which cannot be totally con-
trolled, on the next operation. They are, therefore,
basically open loop control systems in which the imple-
mentation of feedback closes the control loop with a
temporal dynamic that is significantly longer than the
individual operation, such that it could be entirely inef-
fective.
[0016] The main task of the present invention is to
provide a control device for the opening/closing of elec-
trical switchgear that is able to adjust the parameters in
input to the actuator in real time in order to control the
force it applies at every moment in the operating time,
thus allowing a desired law of motion to be imposed on
the moving parts of the switchgear actuated by it.
[0017] As part of this task, an object of the present
invention is to provide a control device for the open-
ing/closing of electrical switchgear that makes it possi-
ble to act on the individual poles of a three-phase
system to perform the operation in an optimal manner
for the electrical system as a whole, enabling one, in the
event of a fault, to operate only on the phase affected
and to continue operation of the fault-free phases, thus
ensuring greater availability and continuity of service.
[0018] Another object of the present invention is to
provide a control device for the opening/closing of elec-
trical switchgear that guarantees the repeatability of the
operation to be performed as well as its optimisation in
relation to the different types of breaking techniques
chosen.
[0019] A further object of the present invention is to
provide a control device for the opening/closing of elec-
trical switchgear that makes it possible to decrease the
energy used in the operation, thus making it possible to
optimise the sizing of the actuator and of the energy
storage system, with a consequent economic benefit.
[0020] Yet another object of the present invention is
to provide a control device for the opening/closing of
electrical switchgear that makes it possible to control
the motion of the actuator both in the initial and final
phases, making it possible, for example, to brake the
switchgear decreasing the kinetic energy dissipated in
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the impact, or to co-ordinate the operation of one circuit-
breaker with others downstream, cancelling an opera-
tion that has been started if it is no longer necessary to
ensure greater continuity of service.

[0021] A further object of the present invention is to
provide a control device for the opening/closing of elec-
trical switchgear that makes it possible to control the
operating time of the moving parts of the said switch-
gear and to perform the operation synchronously, for
each individual phase, in relation to the phases of the
electrical parameters of the network, irrespective of the
command moment sent from a control panel or a pro-
tection logic.
[0022] Yet another object of the present invention is
to provide a control device for the opening/closing of
electrical switchgear that simple modifications can ena-
ble to obtain synchronism of the operation with the
waveform of the electrical network with different types of
networks and loads present, thus distinguishing itself by
considerable flexibility in use and enabling in particular
to realise the synchronisation during opening upon a
fault, significantly limiting electrical wear.
[0023] A further object of the present invention is to
provide a control device for the opening/closing of elec-
trical switchgear which by controlling the law of motion
of the actuator-switchgear assembly in real time makes
it possible to eliminate the voltage and current tran-
sients of the electrical network, or at least limit them as
much as possible, thus reducing any anomalous
stresses on the insulation systems of the components
present, as well as electrodynamic and thermal
stresses.
[0024] Yet another object of the present invention is
to provide a control device for the opening/closing of
electrical switchgear that allowing to obtain operations
that are synchronous with the waveform of the electrical
network makes it possible to increase its reliability while
also increasing the electrical and mechanical life of the
switchgear present in it.
[0025] An additional though not the last object of
the present invention is to provide a control device for
the opening/closing of electrical switchgear that is
highly reliable and relatively easy to manufacture at
competitive costs.
[0026] This task, together with the above-men-
tioned and other objects that shall emerge more clearly
hereinafter, are achieved by Control device for the open-
ing/closing of electrical switchgear such as circuit-
breakers, isolators, reclosers and the like, in an electric-
ity distribution and/or transmission networkcharacter-
ised by the fact that it comprises:

- an actuator with adjustable law of motion;
- a processing and control unit that receives an oper-

ating command and sends a control signal to the
actuator that is processed in relation to:

- a predetermined nominal behaviour;
- information, direct or indirect, on the position, veloc-

ity, acceleration of the mobile part of the said
switchgear;

- information regarding the variation, in relation to the
nominal behaviour, of the entire actuator-kinematic
chain-switchgear controlled system;

in order to realise the desired law of motion of said
mobile part.
[0027] The above-mentioned task, together with the
aforementioned and other objects are also achieved by
a control method for the opening/closing of electrical
switchgear such as circuit breakers, isolators, reclosers
and the like, in an electricity distribution and/or trans-
mission network characterised by the fact that it com-
prises the following phases:

a) sending a control signal to an actuator with
adjustable law of motion;
b) directly or indirectly acquiring information on the
movement or velocity or acceleration of the mobile
part of said switchgear operated by the adjustable
actuator and processing a control signal;
c) modulating the flow of energy supplied to the
actuator in relation to said control signal in such a
way as to adjust the force it exerts on the kinematic
chain-switchgear system and obtain the desired law
of motion of said mobile part.

[0028] Further characteristics and advantages of
the invention shall emerge more clearly from the
description of preferred but not exclusive embodiments
of the device as in the invention, illustrated purely by
way of example and without limitation with the aid of the
attached drawings, in which:

Figure 1 is a general block diagram of the control
device as in the invention;
Figure 2 is a detailed block diagram of an embodi-
ment of the control device as in the invention;
Figure 3 is a detailed block diagram of control
means and converter means used in the device as
in the invention;
Figure 4 is a detailed block diagram of a preferred
embodiment of the device as in the invention;
Figure 5 is a diagram illustrating the voltage phase
in relation to time in normal operating conditions;
Figure 6 is a diagram illustrating the current phase
in relation to time in the presence of a transient.

[0029] With reference to Figures 1 and 2, the device
according to the invention comprises a processing and
control unit, indicated overall by reference number 100,
which receives an operating command 1 in input from a
control panel or protection logic and sends a control sig-
nal 3 in output to an actuator 2. In the embodiment of
the device as in the invention, the actuator used advan-
tageously operates with an adjustable law of motion; in
this way the force applied by the actuator to the switch-
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gear 4, through a kinematic chain 5 connecting them,
can be adjusted and makes it possible to have an actu-
ator-kinematic chain-switchgear system 200 that is per-
fectly controlled in relation to the different application
requirements using the procedures that will be illus-
trated in detail hereinafter.

[0030] In particular, the actuator concerned is an
electromagnetic actuator, the subject of European pat-
ent application number EP 97203501.8-2302, the
description of which is to be understood as included
herein for reference; the specific reference to said actu-
ator is clearly to be considered solely for the purposes
of explanation in that any actuator with adjustable law of
motion, such as a pneumatic actuator for example,
could be used in equivalent way in the device as in the
invention.
[0031] As illustrated in the said figures, the control
device suitably comprises feedback means 6 for evalu-
ating, by direct or indirect measurement, the position of
the mobile part of the switchgear connected to the actu-
ator; in particular, these means 6 may comprise a posi-
tion sensor that detects a movement of any point of the
controlled system 200 and sends a corresponding sig-
nal 7 indicating in real time the position of the mobile
contacts of the switchgear to control means 10 of the
processing and control unit 100; alternatively, velocity or
acceleration sensors could be used that detect the
velocity or the acceleration of any point of the system
200 and send the corresponding information 7 on the
velocity or acceleration of the mobile parts to means 10.
This sensor, irrespective of whether it is a position,
velocity or acceleration sensor, may be positioned in
any point of the kinematic chain 5 or of the switchgear 4
to suit specific applications and/or needs.
[0032] In another embodiment, the information
regarding the position of the mobile parts may be sup-
plied to the control means 10 namely without the use of
sensors ("sensorless system") using a mathematical
model of the controlled system 200; this model, forming
part of the unit 100, receives a signal in input that is a
function of the actuator's control parameters, in this
case the voltage and current of the power supply to the
coil, and supplies a signal indicating the estimated posi-
tion of the mobile contacts of the switchgear to the con-
trol means 10 in real time. If the actuator used is, for
example, a pneumatic type, the control parameters
could be the pressure and the volume of the compress-
ible fluid used.
[0033] The control means 10, which receive in input
the operating command 1 and the direct or indirect sig-
nal 7 indicating the position or velocity or acceleration in
real time of the mobile contacts of the switchgear, send
a corresponding control signal 19 to converter means
20 in output.
[0034] In particular, in the device as in the invention
and as illustrated in greater detail in figure 3, the control
means 10 comprise calculating means 11 that receive
the signal 7 in input and by means of suitable integra-

tions/derivations send a signal 14 indicating the law of
motion of the mobile contacts at that moment in output
to open loop control means 12 and closed loop control
means 13; this signal 14 thus constitutes information of
the mode in which the mobile part of the switchgear
moves from the initial time of motion to the time of
measurement.

[0035] The open loop control means 11 compare
the signal 14 indicating the actual law of motion of the
mobile contacts with a predetermined law of motion and
send a corresponding reference signal 16 in output to
the closed loop control means 13 and to comparator
means 15. In particular, this predetermined law of
motion corresponds to a predetermined nominal behav-
iour of the entire actuator-kinematic chain-switchgear
system.
[0036] The closed loop control means 13 compare
the signal indicating the actual law of motion 14 with the
reference signal 16 sending a corresponding correction
signal 18 in output to comparison means 15; the com-
parison means 15 in their turn send the control signal 19
in output to converter means 20 in relation to the correc-
tion signal 18 and to the reference signal 16 received in
input.
[0037] In the embodiment illustrated, the converter
means 20 comprise power supply means 21 for the
actuator that can be provided using, for example, batter-
ies or capacitors; alternatively, in the case of an actuator
that is not electromagnetic but can nevertheless be con-
trolled, such as a pneumatic actuator, this storage unit
could be provided using a compressible fluid plenum
chamber.
[0038] In addition, the converter means 20 advanta-
geously comprise means for modulating 22 the flow of
energy supplied to the actuator by the power supply
means 21; these modulation means adjust the flow of
energy supplied by the means 21 to the actuator by
modulating the power supply current and/or voltage of
the actuator itself in relation to the control signal 19. The
actuator, which converts the modulated electrical
energy into mechanical energy, thus applies a continu-
ally adjusted force to the kinematic loop connected to it
that makes it possible to move the mobile parts of the
switchgear with the desired law of motion.
[0039] The control device proposed thus comprises
an open loop control based on the nominal behaviour of
the system to realise the opening and/or closing opera-
tion in the modes desired; this open loop control system
is juxtaposed with a closed loop control system that cor-
rects any possible changes in relation to the nominal
behaviour to ensure implementation of the desired law
of motion. In particular, given that the control is carried
out in real time during the operation itself, the device as
in the invention makes it possible to accurately take into
account all the disturbance acting on the controlled sys-
tem able to influence its response by varying the behav-
iour in relation to the predetermined nominal behaviour,
namely the effect of environmentalparameters, the elec-
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trical and mechanical wear of the switchgear, the time
elapsed between operations, the ageing of the control
equipment, the number and type of operations per-
formed etc..

[0040] The possibility of controlling the force
applied by the actuator and therefore of adjusting the
law of motion of the mobile parts of the switchgear
makes it possible to perform operations that are cur-
rently impossible for the devices of known type; for
example, in the case of three-phase circuit breakers, the
control device as in the invention makes it possible to
obtain optimal operation on a single pole while leaving
the other two phases, which are not affected by faults, in
operation; furthermore, by adjusting the force applied by
the actuator it is possible to stop an operation that has
been started whenever it is no longer essential, or even
to reverse the direction of the operation itself at least
within a certain time window. This makes it possible to
implement a new protection logic with improved co-ordi-
nation for example between circuit-breakers that, once
an operation has already been started, are able to
detect the operation of a circuit-breaker downstream
that eliminates the fault and cancel the operation, pre-
venting the circuit-breakers from opening and cutting off
the power to fault-free parts of the electrical network
without reason, also doing so without having to insert
any intentional delays, useful for the purposes of selec-
tivity. In the same way, the circuit-breaker that is control-
led can, when required to operate on a transient, cancel
the operation when the transient is over and not inter-
rupt the service of the loads that it powers.
[0041] A further advantage that should under no cir-
cumstances be overlooked resides in the fact that the
device as in the invention ensures repeatability of the
operation by adjusting the force applied by the actuator
and makes it possible to optimise the law of motion of
the mobile parts moment by moment following a pre-
ferred trajectory and in relation to the different types of
breaking systems used; in this way, moreover, the
energy transmitted to the actuator, and therefore to the
switchgear, is adjusted perfectly and this makes it possi-
ble not just to optimise the sizing of the actuator and its
power supply system, but also to decrease the energy
dissipated in the end-of-operation impact, with lower
stresses on the switchgear, lower contact wear and
therefore, in short, higher reliability of the entire electri-
cal network.
[0042] As illustrated in Figure 4, in a preferred
embodiment of the device according to the invention,
the processing and control unit 100 also comprises syn-
chronisation means 33 capable of providing information
for the opening or closing of the switchgear synchro-
nously with the electrical network. These synchronisa-
tion means, through the use of means for detecting the
voltage and current phases of the electrical network,
such as, for example, a current transformer 30 and a
voltage transformer 31, receive information 32 tracking
the electrical parameters of the network; in relation to

this information, the synchronisation means, through
suitable calculations, predict the succession of the
zeros and maximums of the phases of the current and
voltage following those detected, also taking account of
frequency variations, harmonic components and single-
phase transient components. In addition, they calculate
the time between the zeros and maximums detected
and those predicted.

[0043] In addition, the synchronisation means
advantageously also comprise table means 34 that con-
tain predetermined information regarding the state of
the neutral, the type of load and of the electrical net-
work, and send a signal 35 indicating the ideal end-of-
operation times in relation to said predetermined infor-
mation to a timer unit 36. In this embodiment and as
illustrated in Figures 5 and 6, the operating command 1
is sent to the timer unit 36 and is a command that is gen-
erally asynchronous in relation to the electrical system.
The timer unit 33 sends a corresponding synchronous
start operation command 37 to the control means 10 in
relation to this command 1, as well as to the signal 35
indicating the ideal end-of-operation times; this syn-
chronous command 37 is delayed in relation to the
asynchronous command 1 by a period of time 50 that is
a function of the predetermined nominal operating time
51 and of the said signals 35 indicating the ideal end-of-
operation times and the subsequent zeros or maxi-
mums predicted, in order to identify the first subsequent
ideal moment useful for implementing the synchronous
operation. The desired ideal moment 35 is clearly the
optimal time for eliminating operation transients in rela-
tion to the type of operation, load and electrical network;
as illustrated in Figure 6, this moment in time does not
necessarily coincide with a zero or with a maximum but
nevertheless ensures that the operation is performed
within the synchronism window. The control means 10
thus receive the signal 37 indicating the co-ordinated
control strategy for the three phases to perform the syn-
chronous operation for each individual phase and oper-
ate analogously to that which has been described
above.
[0044] A further advantage of the invention resides
in the fact that, both in the synchronous operation situa-
tion and in the case only of adjustment of the law of
motion of the mobile parts previously described, the
control means 10 ensure execution of the operation in
the nominal time envisaged thanks to the corrective
action of the means 13 previously described; if, how-
ever, the deviation from the nominal behaviour at any
point become accentuated during the operation, requir-
ing a significant demand on the closed loop control, the
device is able to correct the nominal characteristic of the
system in a self-organising mode. In this case, the nom-
inal operation time that is suitably monitored during the
operations is redefined in relation to a new reference
value; in the case of synchronous operation, this new
reference time is obviously made available by the
means 10 to the timer unit 36. This self-organising pro-
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cedure is also used in the device's testing phase so that
the control system corrects the nominal characteristic in
relation to the real behaviour of the specific switchgear
unit, making it possible to define the actual initial nomi-
nal characteristic.

[0045] It has in practice been noted how the device
as in the invention makes it possible to achieve the task
in full as well as the objects set in that it makes it possi-
ble to adjust the force applied by the actuator in real
time moving the mobile parts following a desired law of
motion and making it possible to obtain all the advan-
tages previously described.
[0046] In addition, in the preferred embodiment
illustrated, the device makes it possible to obtain opera-
tion synchronous with the electrical network, with the
widest different types of electrical systems and loads
present in them and even in the presence of faults. This
therefore results in further and significant advantages in
terms of the flexibility of application of the device, and in
terms of the elimination or at least significant reduction
of voltage and current transients in the network, as well
as in terms of limiting electrodynamic and thermal
stresses, with significant consequent benefits both for
the insulation systems of the components present in the
electrical system and of the switchgear used, consider-
ably increasing its useful life and reliability.
[0047] It should, finally, be emphasised that the
device as in the invention, while offering all the benefits
stated, is obtained using a manufacturing solution that
is extremely attractive from an economic standpoint, the
costs of which are comparable with those of a conven-
tional circuit-breaker and decidedly lower than the con-
ventional synchronous solutions. The device conceived
in this way is capable of many modifications and vari-
ants, all within the inventive concept; in addition all the
details may be substituted by other technically equiva-
lent elements.
[0048] In practice, the materials as well as the
dimensions may be varied in any way to suit require-
ments and the state of technology.

Claims

1. Control device for the opening/closing of electrical
switchgear such as circuitbreakers, isolators,
reclosers and the like, in an electricity distribution
and/or transmission network characterised by the
fact that it comprises:

- an actuator with adjustable law of motion;
- a processing and control unit that receives an

operating command and sends a control signal
to the actuator that is processed in relation to:

- a predetermined nominal behaviour;
- information, direct or indirect, on the position,

velocity, acceleration of the mobile part of the
said switchgear;

- information regarding the variation, in relation

to the nominal behaviour, of the entire actuator-
kinematic chain-switchgear controlled system;

in order to realise the desired law of motion of said
mobile part.

2. Control device as in claim 1 characterised by the
fact that said actuator with adjustable law of motion
is an electromagnetic actuator.

3. Control device as in one or more of the previous
claims characterised by the fact that it comprises a
position or velocity or acceleration sensor suitable
of detecting a movement or the velocity or the
acceleration of said controlled system and sending
a corresponding signal indicating the position or
velocity or acceleration of the mobile contacts of the
switchgear to the processing and control unit in real
time.

4. Control device as in claim 1 characterised by the
fact that it comprises a mathematical model of the
controlled system that receives a signal in input that
is a function of measurements of control parame-
ters of the actuator and sends a signal indicating
the estimated position of the mobile contacts of the
switchgear to the processing and control unit in real
time.

5. Control device as in one or more of the previous
claims characterised by the fact that said process-
ing and control unit comprises control means that
receive an operating command and a signal, direct
or indirect, indicating in real time the position or
velocity or acceleration of the mobile contacts of the
switchgear in input and send a corresponding con-
trol signal to converter means in output.

6. Control device as in claim 5 characterised by the
fact that said control means comprise calculating
means that receive a signal indicating the position
or velocity or acceleration of the mobile contacts in
input and send a signal indicating the actual law of
motion of the mobile part to open loop control
means and closed loop control means in output.

7. Control device as in claim 6 characterised by the
fact that said open loop control means compare the
signal indicating the actual law of motion of the
mobile contacts with a predetermined law of motion
and send a corresponding reference signal in out-
put to said closed loop control means and to com-
parator means.

8. Control device as in claim 7 characterised by the
fact that said closed loop control means compare
said signal indicating the actual law of motion with
said reference signal, sending a corresponding cor-
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rection signal in output to comparator means.

9. Control device as in claim 8 characterised by the
fact that said comparator means compare the cor-
rection signal and the reference signal received in
input and send said control signal in output.

10. Control device as in one or more of the previous
claims characterised by the fact that said converter
means comprise:

- power supply means for the actuator; and
- means for modulating the flow of energy sup-

plied to the actuator by the power supply
means in relation to said control signal
received in input.

11. Control device as in one or more of the previous
claims characterised by the fact that it also com-
prises synchronisation means suitable for providing
the processing and control unit with information for
the opening or closing of the switchgear in a mode
that is synchronous with the electrical network.

12. Control device as in claim 11 characterised by the
fact that said synchronisation means comprise:

- means for detecting the voltage and current
phases of the electrical network;

- means for predicting the zeros and maximums
of the current and voltage phases subsequent
to those detected;

- means for calculating the period of time
between the zeros and maximums detected
and those predicted.

13. Control device as in one or more of claims 11 to 12
characterised by the fact that said synchronisation
means comprise table means containing predeter-
mined information regarding the state of the neu-
tral, the type of load and of the electrical network,
suitable of sending a signal indicating the ideal end-
of-operation times in relation to said predetermined
information to a timer unit.

14. Control device as in one or more of claims 11 to 13
characterised by the fact that said synchronisation
means comprise a timer unit that receives in input:

- an operating command that is asynchronous in
relation to the electrical system;

- the signal indicating the ideal end-of-operation
times;

- the signal indicating the subsequent predicted
zeros or maximums;

and send to the control means a corresponding
synchronous start operation command that is
delayed in relation to the asynchronous command
by a period of time that is a function of the predeter-
mined nominal operation time and said of signals
indicating the ideal end-of-operation times and the
predicted subsequent zeros or maximums.

15. Electricity distribution and/or transmission network
comprising a plurality of circuit breakers installed in
a cascade arrangement, characterised by the fact
that at least one circuit-breaker of said plurality is
fitted with a control device as in one or more of the
previous claims and by the fact that the open-
ing/closing of said at least one circuit-breaker
occurs in a manner that is co-ordinated with other
circuit breakers upstream or downstream of it in
such a way as to interrupt or reverse the opening or
closing operation.

16. Electrical switchgear for electricity distribution
and/or transmission network characterised by the
fact that it comprises a control device as in one or
more of claims 1 to 14 and by the fact that the
amount of power delivered during an opening/clos-
ing operation is a function, moment by moment, of
the residual travel of the mobile contacts.

17. Electrical switchgear as in claim 16 characterised
by the fact that said adjustable actuator applies an
adjustable force on the mobile part moment by
moment and is capable of minimising the amount of
energy dissipated in the impact in a closing opera-
tion.

18. Control method for the opening/closing of electrical
switchgear such as circuit breakers, isolators,
reclosers and the like, in an electricity distribution
and/or transmission network characterised by the
fact that it comprises the following phases:

a) sending a control signal to an actuator with
adjustable law of motion;
b) directly or indirectly acquiring information on
the movement or velocity or acceleration of the
mobile part of said switchgear operated by the
adjustable actuator and processing a control
signal;
c) modulating the flow of energy supplied to the
actuator in relation to said control signal in such
a way as to adjust the force it exerts on the kin-
ematic chain-switchgear system and obtain the
desired law of motion of said mobile part.

19. Control procedure as in claim 18 characterised by
the fact that in phase b) the acquisition of said infor-
mation on the movement or velocity or acceleration
of the mobile part comprises:
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- detecting a movement, directly or indirectly, or
the velocity or the acceleration of the mobile
part;

- processing, in relation to said detection, a sig-
nal indicating the actual law of motion of the
mobile part.

20. Control procedure as in claim 19 characterised by
the fact that in phase b) the processing of the con-
trol signal comprises:

- comparing said signal indicating the actual law
of motion of the mobile part with signal indicat-
ing a predetermined law of motion, and in rela-
tion to said comparison,

- processing a control signal.

21. Control procedure as in claim 19 characterised by
the fact that in phase b) the processing of the con-
trol signal comprises:

- comparing said signal indicating the actual law
of motion of the mobile part with a signal indi-
cating a predetermined law of motion, and in
relation to said comparison,

- processing a reference signal;
- comparing the reference signal with the signal

indicating the actual law of motion and in rela-
tion to this comparison,

- processing a correction signal;
- comparing the correction signal and the refer-

ence signal, and in a relation to this compari-
son,

- processing a control signal.

22. Control procedure as in one or more of claims 18 to
21 characterised by the fact that phase a) com-
prises:

- detecting the voltage and current phases of the
electrical network;

- predicting the zeros and maximums subse-
quent to those detected;

- calculating the time between the zeros and
maximums predicted and those detected;

- processing and sending an operating com-
mand to the actuator in such a way as to make
the operation synchronous with the electrical
network.

23. Control procedure as in claim 22 characterised by
the fact that the processing and sending of the
operating command comprises:

- acquiring a signal indicating the ideal end-of-
operation times, said signal being a function of
predetermined information regarding the state
of the neutral, the electrical network and the

type of load;

- sending a synchronous operating command to
the actuator, delayed in relation to a received
asynchronous operating command by a time
that is a function of the predetermined nominal
operating time and of said signals indicating
the ideal end-of-operation times and predicted
subsequent zeros or maximums.
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