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actuator  fCT/N L98/00512 1 4 MAR 2002 The invention relates to an
electromagnetic actuator for moving a contact into a switched-on or
switched-off state, comprising a contactactuating rod) which is
displaceable in the longitudinal direction between a first position,
corresponding to the switched-off state, and a second position,
corresponding to the switched-on state, a core) which is made of
magnetizable material and is attached to the contact-actuating rod, a
switch-on coil, which interacts with the core, a pole piece) which is made
of magnetizable material and of which that face which is directed towards
the core, in the first position of the contact-actuating rod, is arranged
at an air-gap distance from that surface of the core which runs
perpendicular to the direction of displacement and) in the second position)
bears as closely as possible against the said core surface) a yoke, which
is made of magnetizable material, for closing the magnetic flux circuit of
the switch-on coil through the pole piece and the core, a permanent magnet
device for maintaining the contact-actuating rod in the first position and
a spring which preloads the contact-actuating rod, in its second position,
towards the first position. An actuator of this kind is known from British
patent application GB-A-2,289,374. There are a number of initial
considerations which are important for electromagnetic actuators and deal
with the switching safety and the service life of a vacuum switch employed
in medium-voltage distribution networks: 1. Switching on is to take place
quickly, so that damage caused by the contact surfaces burning in as a
consequence of flash-over is limited. 2. Maintaining the switched-on state
is to be achieved with a sufficiently high contact pressure) because
otherwise excessive contact resistance will lead to dissipation between the
contacts) which may cause them to become welded together. This occurs
primarily under high short-circuit currents. 3. Opening of the contacts is
to take place with a high impulse level) in order to break open any
contacts which may have welded together. 4. Opening of the contacts is also
to take place at high speed, in order to limit the extent to which the
contact surfaces burn in as a result of the arc produced. 5. For the sake
of operational reliability of the drive mechanism)   1 ~ ~pR 2d02 WO
99I14769 2 



PCT/NL98100512 it should be sought to keep the number of components as low
as possible. The failure of a switch can generally be attributed to a
failed drive mechanism. 6. In order to be able to make maximum use of the
switching 5 capacity available, it is sometimes desirable to switch off at
a specific moment in the current or voltage curve. In a threephase system,
this switching moment may differ for each phase) and the switching pattern
may also vary each time depending on the conditions. 10 In the past) the
first five points for consideration have been met by mechanical systems
which acted on the basis of energy stored in springs. These systems also
allow constant delay times to be achieved. Nevertheless, these drives still
fail on occasions. The abovementioned British patent application relates to
a 15 bistable actuator which operates with a set of permanent magnets, a
coil and a spring. As soon as a current is fed to the coil, the contact
moves into the closed or switched-on state. The field of the coil generated
by the current is oriented in the same direction as the magnetic field of
the permanent magnet. The total magnetic force brings about easy 20
excitation, only a little current being required in order to move the
contacts into the switched-on state. In the switched-on state) the spring
is compressed and the actuating rod is held in place by the permanent
magnets. The field of the permanent magnets exerts a force on the actuating
rod which is greater than the force of the spring and is 25 oppositely
directed to the spring force. As soon as the switched-on state of the
contacts is reached) the electric current through the coil can be
interrupted. In order to move the contacts into the open or switched-off
state) a pulse of electric current is fed to the coil, generating a field
30 which is oppositely directed to that of the permanent magnets. The force
on the actuating rod generated by the field of the permanent magnets is
thus partially eliminated, so that the actuating rod) on the one hand) is
pressed by the energy stored in the spring into the position corresponding
to the switched-off state and) on the other hand) is still 35 slowed down
to some extent by the residual force generated by the permanent magnets.
Therefore, this known actuator does not fulfil the demands imposed by the
inventor that switching off should be quick. This can be attributed to the
fact that the magnetic flux, when moving these contacts   1 4 MAR 2002 WO
99I14769 3 fCT/N L98/00512 into the switched-off state) is reduced too
slowly in the switched-on state of the contacts. The switch-on time for an
actuator is defined as the time from the start of excitation of the
switch-on coil until the point at which 5 the contacts actuated by the
actuator come into contact with one another. In the case of actuators for
actuating contacts which are suitable for switching high powers) the
switch-on time is very great and is not reproducible. Owing to the high
self-induction of the switch-on coil of the actuator, the current rises
slowly to the maximum achievable level. 10 If, during this build-up of the
current, the tensile force of the actuator is sufficiently great to
overcome the opposing force occurring in the switched-off state (as a
result of) inter alia) friction) switchoff spring) temperature) etc.), the
mobile part of the actuator, i.e. the contact-actuating rod) begins to
move. The moment at which this happens 15 depends) inter alia) on
tolerances in current intensity and friction. The switch-on time, i.e. the
time from which the current is switched on until the contacts actually
close) is difficult to predict and the switch-on time is therefore variable
and not reproducible. The object of the invention is to provide an actuator
of the 20 type mentioned in the preamble in which the abovementioned
problems are avoided and by means of which) inter alia, vacuum switches can
be switched on or off at a controlled time, it being possible to switch off
the switches very quickly) to switch on switches at a controlled moment and
if required to hold the vacuum switches in two stable states. 25 This
object is achieved according to a first aspect of the invention by the fact
that a switch-off coil is present) which) for the x purpose of moving the
contact-actuating rod from the second position to the first position) is
excited in order to eliminate the magnetic field 



of the permanent magnet device at least temporarily, and in that the 30
magnetic flux circuit of the permanent magnet device is separate from that
of the switch-on coil. Owing to the fact that the magnetic circuit of the
permanent magnet and that of the switch-on coil are separate, the flux path
of the permanent magnets can be shorter, so that smaller magnets will
suffice, 35 with the result that the size of the actuator can be smaller.
Owing to the fact that the permanent magnets are smaller, their influence
lasts for less time when switching off, so that a high switching-off speed
is reached. Furthermore) the said separation of flux paths allows the
switch-on coil to be utilized optimally. Moreover, in the actuator   1 4
MAR 2002 WO 99I14769 PCTINL98100512 4 according to the invention a high
holding power is achieved in the switched-on state. It should be noted that
international patent application WO 95/0542 describes a bistable
electromagnetic actuator in which a 5 permanent magnet, a movable core and
two coils are used. This actuator too has the drawback that the magnetic
flux is always closed via the . permanent magnet which acts as an air gap
for the fields from the coils. As a result, this known actuator is not
sufficiently effective. Further refinements and embodiments of the first
aspect of the 10 invention are described in the subclaims. Furthermore, a
second aspect of the invention relates to an electromagnetic actuator for
moving a contact into a switched-on or switched-off state) comprising a
contact-actuating rod, which is displaceable in the longitudinal direction
between a first position, 15 corresponding to the switched-off state, and a
second position, corresponding to the switched-on state, a core) which is
made of magnetizable material and is attached to the contact-actuating rod,
a switch-on coil, which interacts with the core) a pole piece, which is
made of magnetizable material and of which that face which is directed 20
towards the core, in the first position of the contact-actuating rod, is 



arranged at an air-gap distance from that surface of the core which runs
perpendicular to the direction of displacement and) in the second position,
bears as closely as possible against the said core surface) and a yoke,
which is made of magnetizable material, for closing the magnetic 25 flux
circuit of the switch-on coil through the pole piece and the core and is
characterized by the fact that a locking device is present which acts on
the contact-actuating rod) is moved into the locked state when the
contact-actuating rod assumes the first position and which is unlocked
after a predetermined period after the instant at which a 30 current is
supplied to the switch-on coil, which period is greater than the build-up
time of the force on the contact-actuating rod which is required to
overcome the opposing force occurring in the first position of the
contact-actuating rod. The invention is based on locking the mobile part,
in 35 particular the contact-actuating rod) of the actuator in the first
position, with the result that a current can build up in the switch-on coil
present until the intensity of this current is sufficient for the mobile
part to start to move immediately when the locking device is unlocked. The
instant at which the movement begins is then determined not   1 ~ MAR 2002
WO 99I14769 PCT/NL98I00512 5 by the current intensity in the switch-on coil
but rather by the unlocking of the locking device. Further refinements and
embodiments of the invention are described in subclaims. 5 The invention
will be explained in more detail below with ' reference to the drawings, in
which: Fig. 1 shows a section along the axis of the actuating rod of the
actuator according to the invention in the switched-off state of the
associated contact; 10 Fig. 2 snows a side view of this actuator in the
said state; Fig. 3 shows a cross-section through the actuator in the
switched-on state; and Fig. 4 shows a side view of the actuator shown in
Fig. 3. Fig. 5 shows a section along the axis of the actuating rod of 15 an
embodiment of the actuator according to the invention in the switched off
state of the associated contact and having an electromagnetic locking
device; Fig. 6 shows a side view of the actuator shown in Fig. 5, in the
said state; 20 Fig. 7 shows a cross-section through another embodiment of
the actuator according to the invention, in the switched-on state and
having a mechanical locking device; Fig. 8 shows a side view of the
actuator shown in Figure 7; and Fig. 9 show graphs of the switch-on current
of a known actuator 25 and of an actuator according to the invention as a
function of time. 



The embodiment of the actuator according to the invention which is shown in
the figures comprises a contact-actuating rod 1 which is able to move the
contact 2 into a closed or switched-on state (cf. Figure 4) and an open or
switched-off state (cf. Figure 2). For this purpose, the 30
contact-actuating rod is mounted so as to be displaceable in the
longitudinal direction and can thus move between a first position) .
corresponding to the switched-off state of the contact 2, and a second
position) corresponding to the switched-on state of the contact 2. In this
embodiment, the contact 2 is accommodated in a so-called "vacuum 35
bottle". Furthermore, a contact compression spring 3 is present in the
actuator, which spring, in the switched-on state of the contact 2 (cf.
Figure 4), is compressed, thus pressing the contact pieces of the contact 2
against one another in order to obtain the desired contact pressure.   WO
99/14769 6 1 4 MAR ZOOZ PCT/NL98/00512 Moreover) this contact compression
spring 3, in this switched-on state of the contact 2) preloads the
actuating rod 1 in the direction of its first position. A core 4, which
interacts with a set of switch-on coils 5, is 5 attached to the
contact-actuating rod 1. These coils 5 surround the core and a pole piece
6. The core and the pole piece are made from magnetizable material. In the
first position, namely the switched-off state of the contact 2, which is
shown in Figure 1, those surfaces of the core 4 and the pole piece 6 which
face towards one another have an air 10 gap distance dl between them. When
the actuator is to be moved from the switched-off state, the first position
of the contact-actuating rod 1, which is shown in Figure 1 into the
switched-on state, the second position of the contact-actuating rod 1,
which is shown in Figure 3) the set of coils 5 is excited for a short
period) with the result that the 15 core 4 is moved towards the pole piece
6 until the mutually facing surfaces of this core and the pole piece 6 bear
as closely as possible against one another. As a result, the preloaded
spring 3 is loaded further) as shown in Figure 4. Since energy efficiency
considerations have led to a short 20 excitation duration being selected,
the actuating rod has to be held in the second position counter to the
force of the contact compression spring 3. For this purpose, a permanent
magnet device is provided) which in the embodiment shown comprises the
permanent magnets 7. The NorthSouth direction of these permanent magnets
runs in the transverse 25 direction to the axis of the actuating rod 1.
These permanent magnets '7 interact with an armature 8 which) in the
embodiment shown) comprises two armature elements 9 which run transversely
to the axis of the actuating rod and are made from magnetizable material.
As shown in Figure 3) the actuating rod is held in the switched-on state,
the second position of 30 the actuating rod 1, which is shown in Figure 3)
by means of the attraction between the magnet '7 and the armature elements
9. In Figure 3, the associated magnetic flux circuit II is diagrammatically
indicated by means of a continuous line and, for the sake of clarity, is
only drawn in for the right-hand permanent magnet 7. The magnetic flux
circuit of the 35 coils 5 is diagrammatically indicated only on the
right-hand side by the line I. The yoke parts, which are to be described
below, ensure that the magnetic flux circuits I and II are closed. It is
clear that the magnetic flux circuits I) II of the switch-on coils 5 and
the permanent magnet '7, respectively, are   WO 99l14769 7 1 4 MAR 2002
t~cTmL9aloos~2 



completely separate from one another. The permanent magnets are disposed in
such a way that their attraction force is negligible even with an air gap
which is smaller than 0.5 mm. As a result, they will not affect the
switching-off movement of 5 the actuator. In contrast to the known
actuators) the holding system of the actuator according to the invention
which, in the embodiment which is preferably to be used) comprises the
permanent magnets '7 and the armature elements 9 is formed in such a way
that the flux of the permanent magnets 10 twice crosses an effective air
gap (cf. flux circuit II). As a result, a holding power which is twice as
high is achieved. When switching off, the holding power per se has an
adverse effect on the switching-off movement. ' However, in this design the
double air gap means that the force which the permanent magnets exert on
the armature when switching off diminishes 15 very quickly as the air gap
becomes larger) so that the adverse effect disappears very rapidly. The
magnetic flux circuit I of the switch-on coils 5 runs through the core 4,
the pole piece 6 and the yokes 10. The permanent magnet device is also
provided with flux-guidance 20 elements 11, 12 which guide the magnetic
flux towards and through the armature element 9. Preferably, the yokes 10
and the flux-guidance pieces 11, 12 are produced as a single entity, so
that there is no longer any need for adjustments between the air gaps dl
and d2 25 Furthermore) the core 4 and the armature elements 9 comprise a
single unit, core and armature element being connected by a connecting
piece 13. This connecting piece 13 preferably has a smaller transverse
dimension than the core 4 and the armature elements 9. The actuator is
switched off by the switch-off coil 14, which 30 is disposed in such a way
that on excitation the magnetic field which is generated as a result
opposes the magnetic field of the permanent magnets. Excitation in pulse
form is already sufficient. The switch-off energy is provided by the
contact compression spring 3 releasing and, if appropriate) by an
additional switch-off spring. 35 In the embodiment shown, a shunt 15 is
provided, by means of which the holding power of the holding system and the
sensitivity of the switch-off trip coil b can be affected (cf. flux path
III). It should also be noted that existing actuators have an excessively
slow switchingoff action. This is a result of compromises being made
between efficient   WO 99I14769 8 1 4 MAR Z002 PCTlNL98I~0512 use of the
magnetic circuits, air gaps and dispersing flux, as appropriate, the use of
permanent magnets and the number of control coils. These drawbacks are
remedied here. The advantages of the electromagnetic bistable actuator
according to the invention are: 5 1. High holding power in the switched-on
state. 2. High switching-off speed. 3. Optimum utilization of the permanent
magnet owing to separate magnetic circuits and the use of the double air
gap for the permanent magnetic circuit. 10 The second aspect of the
invention is explained on the basis of a bistable actuator which is shown
in Figures 5-8. It should be noted that the invention can be employed in
any type of actuator. The embodiment of the actuator according to the
invention which is shown in the figures comprises a contact-actuating rod 1
which is able 15 to move the contact 2 into a closed or switched-on state
(cf. Figure 8) and an open or switched-off state (cf. Figure 6). For this
purpose, the contact-actuating rod is mounted so as to be displaceable in
the longitudinal direction and can thus move between a first position,
corresponding to the switched-off state of the contact 2) and a second 20
position, corresponding to the switched-on state of the contact 2. In this
embodiment, the contact 2 is accommodated in a so-called "vacuum bottle".
Furthermore, a contact compression spring 3 is present in the actuator)
which spring) in the switched-on state of the contact 2 (cf. 



25 Figure 8), is compressed, thus pressing the contact pieces of the
contact 2 against one another in order to obtain the desired contact
pressure. Moreover, this contact compression spring 3, in this switched-on
state of the contact 2, preloads the actuating rod 1 in the direction of
its first position. 30 A core 4) which interacts with a set of switch-on
coils 5) is attached to the contact-actuating rod Z. These coils 5 surround
the core and a pole piece 6. The core and the pole piece are made from
magnetizable material. In the first position, namely the switched-off state
of the contact 2) which is shown in Figure 5) those surfaces of the 35 core
4 and the pole piece 6 which face towards one another have an airgap
distance d1 between them. When the actuator is to be moved from the
switched-off state, the first position of the contact-actuating rod 1,
which is shown in Figure 5 into the switched-on state, the second position
of the contact-actuating rod 1, which is shown in Figure 7, the   WO
99114769 9 ~ ~ BAR 2ooz PCT/NL98100512 set of coils 5 is excited for a
short period, with the result that the core 4 is moved towards the pole
piece 6 until the mutually facing surfaces of this core and the pole piece
6 bear as closely as possible against one another. As a result, the
preloaded spring 3 is loaded 5 further, as shown in Figure 8. Since energy
efficiency considerations have led to a short excitation duration being
selected) the actuating rod has to be held in the second position counter
to the force of the contact compression spring 3. For this purpose, a
permanent magnet device is provided, which 10 in the embodiment shown
comprises the permanent magnets 7. The NorthSouth direction of these
permanent magnets runs in the transverse direction to the axis of the
actuating rod 1. These permanent magnets 7 interact with an armature 8
which, in the embodiment shown, comprises two armature elements 9 which run
transversely to the axis of the actuating 15 rod and are made from
magnetizable material. As shown in Figure '7, the actuating rod is held in
the switched-on state, the second position of the actuating rod 1, which is
shown in Figure 7) by means of the attraction between the magnet 7 and the
armature elements 9. In Figure 7 the associated magnetic flux circuit II is
diagrammatically indicated by 20 means of a continuous line and, for the
sake of clarity, is only drawn in For the right-hand permanent magnet 7.
The magnetic flux circuit of the coils 5 is diagrammatically indicated only
on the right-hand side by the line I. The yoke parts, which are to be
described below, ensure that the magnetic flux circuits I and II are
closed. 25 It is clear that the magnetic flux circuits I, II of the
switch-on coils 5 and the permanent magnet 7, respectively, are completely
separate from one another. The permanent magnets are disposed in such a way
that their attraction force is negligible even with an air gap which is
smaller than 30 0.5 mm. As a result, they will not affect the switching-off
movement of the actuator. In contrast to the known actuators) the holding
system of the actuator according to the invention which) in the embodiment
which is preferably to be used, comprises the permanent magnets '7 and the
armature 35 elements g is formed in such a way that the flux of the
permanent magnets twice crosses an effective air gap (cf. flux circuit II).
As a result, a holding power which is twice as high is achieved. When
switching off, the holding power per se has an adverse effect on the
switching-off movement. However) in this design the double air gap means
that the force which the   ~ ~ MAR zooz WO 99l14769 PCTINL98/00512 10
permanent magnets exert on the armature when switching off diminishes very
quickly as the air gap becomes larger, so that the adverse effect
disappears very rapidly. The magnetic flux circuit I of the switch-on coils
5 runs 5 through the core 4, the pole piece 6 and the yokes 10. 



The permanent magnet device is also provided with flux-guidance elements
11) 12 which guide the magnetic flux towards and through the armature
element 9. Preferably) the yokes 10 and the flux-guidance pieces 11, 12 10
are produced as a single entity, so that there is no longer any need for
adjustments between the air gaps dl and d2. Furthermore) the core 4 and the
armature elements 9 comprise a single unit, core and armature element being
connected by a connecting piece 13. This connecting piece 13 preferably has
a smaller transverse 15 dimension than the core 4 and the armature elements
9. The actuator is switched off by the switch-off coil 14) which is
disposed in such a way that on excitation the magnetic field which is
generated as a result opposes the magnetic field of the permanent magnets.
Excitation in pulse form is already sufficient. The switch-off 20 energy is
provided by the contact compression spring 3 releasing and) if appropriate)
by an additional switch-off spring. In Fig. 9) the switch-on current I of a
known actuator is plotted along the ordinate and the time t is plotted
along the abscissa. At the time to, a voltage is connected to the terminals
of the 25 switch-on coil and the switch-on current through the switch-on
coil rises slowly as shown by the solid line until the switch-on current I,
at time ti, has reached the level I1 which level is associated with the
opposing force which has to be overcome, in the switched-off state of the
actuator, in order to move this actuator into the switched-on state. At 30
the time tl, the switching-on movement of the contacts actuated by the
actuator begins) which contacts only come into contact with one another at
time t2. After time t2) the switch-on current I begins to rise again to the
maximum level. The opposing force is dependent on factors such as, inter
alia, the friction in the actuator) the switch-off spring thereof) 35 which
factors are susceptible to variations) in particular under the influence of
temperature. The above influences may give rise to an opposing force which
corresponds to the level I2 of the switch-on current. If a voltage is fed
to the switch-on coil at time to) the switching current will again rise   



W O 99I14769 11 1 4 MAR 2002 PCTINL98/00512 as shown by the continuous line
and will then rise further as shown by the dot-dashed line. At time t3, the
level I2 will be reached, after which the switching-on movement of the
actuator begins. At time t5) the contacts which are to be actuated by the
actuator come into contact with 5 one another. The switch-on time which is
associated with the current II is therefore equal to t2 - to, while in the
case of the level I2, the switch-on time is t5 - to, so that the switch-on
time may vary and is not reproducible. Moreover) the voltage associated
with the switch-on current may vary, so that at a lower voltage the
switch-on current I follows, by 10 way of example) the curve indicated by a
dashed line. It can be seen from the graph that at the threshold level I1
the actuator begins its switching-on movement at time t,,) while at the
threshold level I2 the switching-on movement is started at time t6. It
therefore appears that the switch-on time of the actuator is also dependent
to a considerable 15 extent on the switch-on voltage. The relatively high
variation in the switch-on time under small variations in threshold level
and/or supply voltage for switching on the actuator is reduced according to
the invention by the fact that a locking device 16 which acts on the
contact-actuating rod 1 is used. This locking 20 device is moved into the
locked state when the actuating rod assumes the first position) which
corresponds to the switched-off state of the actuator. When the switch-on
voltage or current is switched on, the locking device 16 remains in the
locked state until a predetermined period has elapsed since the instant at
which the switch-on current was 25 switched on. This period is greater than
the build-up time of the force on the contact-actuating rod which is
required to overcome the opposing force occurring in the first position of
the contact-actuating rod 1. In other words, the period is, for example,
greater than t6 - to, which time t6 is the maximum time which can be
expected under the cumulative effect 30 of mutually reinforcing influences.
The period can be set as a function of the switch-on current and preferably
expires when the current through the switch-on coil has reached a level
which is higher than the level which is required to overcome the opposing
force occurring in the first position of the 35 contact-actuating rod 1.
The start of the switching-on movement is therefore independent of the
variable opposing force of the actuator in the switched-off state. In
another embodiment) this period has an independent, fixed duration which is
greater than tb - to. Where t>t6, I is greater, and therefore so is the
force. By comparison with the   WO 99I14769 12 1 4 MAR 2002 PcTm~9g/oos i 2
situation without locking, a smaller switch-on coil is sufficient) because
the switch-on coil is utilized better. The switch-on behaviour when
unlocked can be seen in the right hand part of the curve in Fig. 9, the
unlocking pulse being emitted at , 5 t10, t11-t10 being the response time
of the switch-on unlocking. This response time is much shorter and more
reproducible than the response time in the case of an actuator without
unlocking. Switching moments t12 and t12', associated with switch-on coil
currents which vary as a result of tolerances) lie much closer together
than t2 and t5 which 10 illustrate the switching moments without locking.
Figures 5 and 6 show an electromagnetic version of the locking device 16)
while Figures 7 and 8 illustrate a mechanical version of the locking device
16. The locking device 16 shown in Figures 5 and 6 comprises a 15 permanent
magnet 17 which is disposed in a fixed position) as indicated by the
hatched area. In the switched-off position shown in Figures 5 and 6) the
armature element 9 bears against the pole plates 18, so that in this
switched-off state the magnetic circuit of the permanent magnet is closed
across the pole plates 18 and the armature element 9. As a result, 



20 the armature element 9 is held in place, as is the associated core ~+
and the contact-actuating rod 1. The locking device 16 is furthermore
provided with a coil 19 with winding 20, the core of the coil bearing
against the pole plates 18. When a current is supplied to the switch-on
coils 5, the 25 actuator is held in the switched-off state shown in Figures
5 and 6 and therefore the contact-actuating rod 1 is held in its first
position) the contacts 2 actuated by the said rod 1 remaining separate from
one another. After the current is switched on, the current in the switch-on
coils 5 is built up. The actuator, even if the opposing force were to 30
build up, will remain in the switched-off state until, after a preselected
period following the switch-on time of the switch-on current) a current is
supplied to the winding 20 of the coil 19) which current has a magnitude
and direction which are such that the field of the permanent magnet 17 is
eliminated. Then) under the influence of the switch-on 35 current for the
switch-on coils 5, the contact-actuating rod 1 can be moved into a
switched-on state in which the contact 2 is closed. The switched-on state
of the actuator) with closed contact 2, is shown in Figures 7 and 8.
However, these figures show an actuator with a mechanical locking device.
1 ~ MAR 2002 WO 99/14769 PCT/NL98/00512 13 The period of time is selected
to be longer than the build-up time of the tensile force of the actuator at
which the mobile parts of the actuator begin to move. The length of the
period can be derived from the switch-on current or may have a fixed value.
5 The mechanical locking device 16 which is shown in Figures and 8
comprises two lock elements which, in the first position of the
contact-actuating rod, engage in one another and hold the contact actuating
rod fixed in this position. One lock element is formed, in the embodiment
shown in Figures '7 and 8, by the catch 21 which is fixed to 10 the
armature element 9. The other lock element in that case is in the form of a
grip catch 22 which can pivot about the pin 23. This grip catch 22 is
preloaded, in the position shown) by the compression spring 24. The
position of the grip catch 22 can be changed by means of a control device
which) in this case, is formed by the diagrammatically illustrated 15
auxiliary actuator 25) which may be a conventional low-power
electromagnetic actuator. When the actuator is moved into the switched-off
state by supplying a current to the switch-off coil 14, the catch 21 and
the grip catch 22 engage in one another, specifically by means of the
hook-shaped 20 free ends of the said catches. If a current is then supplied
to the switch-on coils 5 in order to switch on the actuator, the engagement
between the catches 21 and 22 is retained until a voltage or current is
supplied to the auxiliary actuator 25 in order to allow the grip catch 22
to rotate to the right, so that the catch 21 is released from the grip 25
catch 22. This mechanical design of the locking device 16 also maintains 



the switched-off state of the actuator until a period has elapsed which is
greater than the build-up time of the force on the contact-actuating rod 1
which is required to overcome the opposing force occurring in the first
position of the contact-actuating rod 1. 30 Here too, the period of time
can be derived from the current supplied to the switch-on coil or may have
an independent, fixed value. The control current for the auxiliary actuator
25 or the winding 20 of the coil 19 could be derived by means of a
comparator (not shown), the switch-on current being supplied to one input
of the 35 comparator while a reference current is supplied to its other
input, which reference current is greater than the level required to
overcome the opposing force in the first position of the contact-actuating
rod 1. The control current for the auxiliary actuator 25 or the winding 20
of the coil 19, optionally after amplification or processing, can then be
WO 99/14?69 1 /f 1 ~ MAR 2002 PCT/N L98/00512 supplied to the output of the
comparator. In the embodiment with a fixed period of time) a time switch
(not shown) can be used having a fixed, predetermined period of time, the
length of which can be selected in accordance with the considerations 5
described above. The time switch is started when the switch-on current for
the switch-on coil of the actuator is switched on and the end of the period
of time may even lie after the moment at which the switch-on current has
reached its maximum level.   1 4 MAR 2002 15 CLAIMS 



1. Electromagnetic actuator for moving a contact (2) into a switched-on or
5 switched-off state, comprising a contact-actuating rod ( 1 ), which is
displaceable in the longitudinal direction between a first position,
corresponding to the switched-off state, and a second position,
corresponding to the switched-on state, a core (4), which is made of
magnetizable material and is attached to the contact-actuating rod ( 1 ), a
switch-on coil (5), which interacts with the core (4), a pole piece (6),
which is made of 10 magnetizable material and of which that face which is
directed towards the core (4), in the first position of the
contact-actuating rod ( 1 ), is arranged at an air-gap distance (d i ) from
that surface of the core (4) which runs perpendicular to the direction of
displacement and, in the second position, bears as closely as possible
against the said core surface, a yoke ( 10), which is made of magnetizable
material, for closing the I 5 magnetic flux circuit of the switch-on coil
through the pole piece (6) and the core (4), a permanent magnet device (8)
for maintaining the contact-actuating rod ( 1 ) in the second position and
a spring (3) which preloads the contact-actuating rod, in its second
position, towards the first position, characterized in that a switch-otf
coil ( 14) is present, which, for the purpose of moving the
contact-actuating rod ( 1 ) from the second 20 position to the first
position, is excited in order to eliminate the magnetic field of the
permanent magnet device at least temporarily, and in that the magnetic flux
circuit of the permanent magnet device (8) is separate from that of the
switch-on coil (5). 2. Actuator according to Claim 1, characterized in that
an armature element (9), which runs transversely to the axis of the
actuating rod ( 1 ) and is made of 25 magnetizable material, is connected
to the contact-actuating rod and the permanent magnet device is provided
with flux-guidance elements (11, 12) which guide the magnetic flux towards
and through the armature element (9). 3. Actuator according to Claim 1 or
2, characterized in that the permanent magnet device comprises at least one
permanent magnet (7) which is arranged in such a 30 way that the
North-South direction thereof is transverse with respect to the axis of the
contact-actuating rod ( 1 ), in that flux-guidance elements ( 11, 12) are
arranged on the   1 4 MAR 2002 16 North Pole side and on the South Pole
side of the magnet (7), which elements have surfaces which run
perpendicular to the axis of the contact-actuating rod ( 1 ), which, in the
first position thereof, lie at an air-gap distance (d2) from the armature
element (9) and which, in the second position, bear against the latter, and
in that the switch-off coil 5 ( I 4) is positioned in a plane perpendicular
to the axis of the contact-actuating rod ( 1 ) and on that side of the
flux-guidance elements ( 11, I 2) which lies opposite to the armature
element (9), the inner surface of the switch-off coil ( 14) lying in line
with that side of the permanent magnet (7) which is directed towards the
contact-actuating rod (1). 10 4. Actuator according to Claim 2 or 3,
characterized in that the yokes ( 10) of the switch-on coils and the
flux-guidance elements (11, 12) of the permanent magnet device form a
single unit. 5. Actuator according to Claim 2, 3 or 4, characterized in
that the core (4) and the armature element (9) consist of a single unit,
core and armature element being 15 connected by a connecting piece (13). 



6. Actuator according to Claim S, characterized in that the connecting
piece ( 13) has a smaller transverse dimension than the core (4) and the
armature element (9). 7. Actuator according to Claim 4, 5 or 6,
characterized in that, in the switched-on state of the contact (2), the air
gap (dt) between the core (4) and the pole 20 piece (6) is minimal, but is
not zero. 8. Actuator according to one of Claims 2-7, characterized in that
a magnetic shunt {15) is accommodated in the magnetic flux circuit (II) of
the permanent magnet. 9. Actuator according to one of Claims 1-5,
characterized in that the spring is at least partially formed by the
contact compression spring. 25 10. Electromagnetic actuator for moving a
contact (2) into a switched-on or switched-off state, comprising a
contact-actuating rod (I ), which is displaceable in the longitudinal
direction between a first position, corresponding to the switched-off
state, and a second position, corresponding to the switched-on state, a
core (4), which is made of magnetizable material and is attached to the
contact-actuating rod ( 1 ), a switch-on 30 coil (5), which interacts with
the core (4), a pole piece (6), which is made of magnetizable material and
of which that face which is directed towards the core (4), in the first
position of the contact-actuating rod (1 ), is arranged at an air-gap
distance (d,)   ~ ~ May zooz 17 from that surface of the core (4) which
runs perpendicular to the direction of displacement and, in the second
position, bears as closely as possible against the said core surface, and a
yoke ( 10), which is made of magnetizable material, for closing the
magnetic flux circuit of the switch-on coil through the pole piece (6) and
the core (4), 5 characterized in that a switch-off coil ( 14) is present,
which, for the purpose of moving the contact-actuating rod ( 1 ) from the
second position to the first position, is excited in order to eliminate the
magnetic field of a permanent magnet device at least temporarily and a
locking device ( 16) is present which acts on the contact-actuating rod ( 1
), is moved into the locked state when the contact-actuating rod ( 1 )
assumes the first 10 position and which is unlocked after a predetermined
period after the instant at which a current is supplied to the switch-on
coil (5), which period is greater than the build-up time of the force on
the contact-actuating rod ( 1 ) which is required to overcome the opposing
force occurring in the first position of the contact-actuating rod. 11.
Actuator according to Claim 10, characterized in that the period expires 1
S when the current through the switch-on coil (5) has reached a level which
is higher than the level which is required to overcome the opposing force
occurring in the first position of the contact-actuating rod (1). 



12. Actuator according to Claim 10 or 11, characterized in that the period
of time has an independent, fixed duration. 20 13. Actuator according to
Claim 10, 11 or 12, characterized in that the locking device ( 16)
comprises a permanent magnet ( 17), which holds the contact-actuating rod
(1) in its first position, and a coil (19) for eliminating the field of the
permanent magnet (17). 14. Actuator according to Claim 13, characterized in
that a comparator is 25 present, the switch-on current of the switch-on
coil (5) being supplied to one input thereof and a reference signal being
supplied to the other input, and the output thereof being coupled to the
coil (19). 15. Actuator according to Claim 13, characterized in that the
coil (19) is controlled by a time switch having a fixed, predetermined
duration. 30 16. Actuator according to Claim 10, 11 or 12, characterized in
that the locking device ( 16) comprises two lock elements which, in the
first position of the contactactuating rod ( 1 ), engage in one another and
hold the contact-actuating rod fixed in this   1 4 MAR 2002 is position,
and in that a control device is present which, after the period of time,
disengages the lock elements. 17. Actuator according to Claim 13,
characterized in that the control device is an electromagnetic auxiliary
actuator. 5 18. Actuator according to Claim 16 or 17, characterized in that
a comparator is present, the switch-on current of the switch-on coil (5)
being supplied to one input thereof and a reference signal being supplied
to the other input, and the output thereof being coupled to the control
device. 19. Actuator according to Claim 16 or 17, characterized in that the
control ' 10 device is controlled by a time switch having a fixed,
predetermined duration.
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