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Description

Background Art

[0001] An actuator is typically used in electrical protec-
tion devices as a means to break a circuit after a fault
condition has been detected.
[0002] The most common embodiments of an actuator
used in electrical protection devices are typically a relay
or a solenoid both having some form of plunger or lever
which travels a set distance to interface with a mecha-
nism that determines the contact state.
[0003] The physical space required for such actuators
can be considerable relative to the remaining physical
space in a standard circuit protection and control device.
This problem becomes significant in a miniature circuit
protection and control device and significantly contrib-
utes to a design compromise between circuit protection
and control device cost, overall dimensions and perform-
ance.
[0004] DE 3339400A1, US3914720 and EP
1873807A1 each describe switches that include a trip-
ping device, wherein a circuit may be triggered either by
a standard actuator or by a solenoid-driven tripping cir-
cuit, each being located on a common axis, each resulting
in a significant increase in the circuit protection and con-
trol device overall dimensions.
[0005] Circuit protection and control device current rat-
ing and short circuit fault breaking capacity are key func-
tions that contribute to the size of a circuit protection and
control device in terms of primary current path conductor
size in relation to the maximum current rating of the circuit
protection and control device and the size of the arc ex-
tinguishing components in relation to the short circuit
breaking capacity.
[0006] Circuit protection and control device over cur-
rent fault protection functionality is typically provided by
a bimetal which due to its size and actuating action re-
quires a significant portion of the available space within
a circuit protection and control device.
[0007] When additional functionality such as earth
leakage current protection or arc fault protection is added
to a circuit protection and control device the design com-
promise between functionality and available space is at
its most challenging within a standard miniature circuit
protection and control device.
[0008] The space required by the differential current
sensor and the additional actuation typically forced a sig-
nificant increase in the circuit protection and control de-
vice overall dimensions resulting in either an increase in
device overall height or width. This problem is added to
further by specific generic types of circuit protection and
control device technology, namely voltage dependant
and voltage independent type circuit protection and con-
trol device technology. The differential current sensor in
a voltage independent circuit protection and control de-
vice is significantly larger than is typical in a voltage de-
pendant circuit protection and control device due mainly

to the need for the current induced in the secondary wind-
ing from the differential fault current to be sufficient to
power the actuator to trip the circuit protection and control
device mechanism and open the primary conductor path
contacts. A magnetic latch relay is the typical actuation
method used in a voltage independent circuit protection
and control device due to the minimal amount of current
required to change the relay state. The size and manu-
factured cost of these relays are typically larger and high-
er than a solenoid used in a voltage dependant circuit
protection and control device.
[0009] These problems have become a major factor in
the commercialisation of circuit protection and control de-
vices and in particular miniature circuit protection and
control devices with the size verses cost verses perform-
ance criteria being the key selling point in a commodity
based market.
[0010] This invention overcomes and resolves these
problems by combining tripping functionality typically tak-
ing up a large amount of available space within a circuit
protection and control device into the space taken by a
single actuator.

Summary of Invention

[0011] This invention combines two independent actu-
ators in the physical space typically taken up by a sole-
noid assembly used in a circuit protection and control
device to provide actuation in the case of a short circuit
or gross over current fault condition.
[0012] This invention describes an actuation means
combining two independent actuators occupying the
three dimensional space used by a single actuator char-
acterized by a primary actuator and a secondary actuator
whereby the secondary actuator is the plunger of the pri-
mary actuator said secondary actuator construction is
further characterized by a combined function housing in
which the secondary actuator components are located
said combined function housing acting to isolate the mag-
netic field generated by the windings of the primary ac-
tuator from the magnetic components of said secondary
actuator.
[0013] This invention further describes the said actu-
ation means used to open & close a circuit protection
device characterized by at least a pair of separable con-
tacts in the line or plurality of conductor paths used for
controlling the current supplied to a load circuit, the con-
tacts being operated by a mechanism which uses an ac-
tuator as its stimulus to open & close said contacts the
actuator having two independent means of tripping said
circuit protection device and constructed in a manner
where both tripping means occupy the three dimensional
physical space used for a single tripping means the ac-
tuator is characterized as having a primary and second-
ary actuator.
[0014] The primary actuator can be used as a means
to trip a mechanism as a result of a short circuit condition.
[0015] The primary actuator is a solenoid character-
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ized by a primary winding, molding, frame and spring,
the plunger which is driven against the force of a spring
during a gross over current fault condition to move the
plunger towards the centre of the solenoid windings. The
plunger engages with the circuit protection and control
device mechanism to open the main circuit protection
and control device contacts. The combination of the
spring and magnitude of the over current determine the
rate at which the device opens the circuit protection and
control device contacts and thus complying with the re-
quirement of the relevant circuit protection and control
device standards.
[0016] The secondary actuator is the primary actuator
plunger. The primary actuator plunger comprises a com-
bined function housing for the secondary actuator which
isolates the magnetic circuit within the secondary actu-
ator from the magnetic field developed by the primary
actuator and a winding to generate a magnetic field within
the secondary actuator.
[0017] The combined function housing is character-
ized by a magnetic external housing, a non magnetic
region which magnetically isolates the secondary actu-
ator magnetic circuit however the combined function
housing may also be characterized by a magnetic exter-
nal housing, non magnetic region which magnetically iso-
lates the secondary actuator.
[0018] The secondary actuator is characterized by a
secondary actuator plunger comprising of a magnetic
portion and a non magnetic portion the magnetic portion
is contained within the magnetic circuit component & is
contained within the combined function housing non
magnetic region. The non magnetic portion of the plunger
is a combined interface function for the primary & sec-
ondary actuator
[0019] The secondary actuator can be a solenoid,
magnetic latch solenoid or mechanical latch solenoid. In
all cases the secondary actuator comprises of a bobbin
and either a winding or plurality of windings. The termi-
nations for the secondary actuator windings pass through
the combined function housing.
[0020] An embodiment of this invention has as the sec-
ondary actuator a magnetic latch solenoid comprises a
combined function housing, spring, magnetic plunger,
non magnetic plunger, permanent magnet, plunger plate,
bobbin and winding which utilises a permanent magnet
in circuit with a plunger plate, a secondary plunger in
which the magnetic portion is held by a permanent mag-
net and the inner portion of the primary actuator plunger
and housing.
[0021] A secondary actuator can be used as a means
to trip a mechanism as a result of a over current fault
condition, earth leakage fault condition, arc fault condi-
tion, under voltage fault condition, over voltage fault con-
dition, loss of neutral fault condition, as a result of an
internal component failure condition which renders the
device unsafe, a result of a command from an external
or remote location, an energy usage limit, a signal em-
bedded in the line voltage and as a result of a DC residual

current fault condition.
[0022] This embodiment of a secondary actuator has
a coil wound around a bobbin which the secondary plung-
er passes through and when the coil has a small amount
of pulsed current applied will act on the magnetic circuit
sufficiently to weaken the magnetic holding force of the
permanent magnet on the secondary plunger sufficient
to allow the force of a secondary actuating spring to pull
the secondary plunger away from the plunger plate and
the non magnetic portion of the secondary plunger to
engage with the circuit protection and control device
mechanism to trip or open the main circuit protection and
control device contacts. The secondary actuator is reset
by the action of the circuit protection and control device
mechanism when the circuit protection and control device
main contacts are closed thus forcing the secondary
plunger to engage with the plunger plate and the holding
force of the permanent magnet and compressing the sec-
ondary actuating spring. This embodiment of a combina-
tion of two independent actuators in the same space typ-
ically used by a circuit protection and control device which
uses a solenoid assembly to provide actuation in the case
of a short circuit or gross over current fault condition can
be used in either a voltage independent or voltage de-
pendant circuit protection and control device for tripping
or opening the main circuit protection and control device
contacts in response to a plurality of fault conditions or
functional requirements.
[0023] A further embodiment of this invention has as
the secondary actuator a mechanical latch solenoid com-
prises a combined function housing, spring, magnetic
plunger, non magnetic plunger, mechanical latch, bobbin
and winding
[0024] This embodiment of a secondary actuator has
a coil wound around a bobbin which the secondary plung-
er passes through and when the coil has a small amount
of pulsed current applied will act on the secondary plung-
er sufficiently to weaken the mechanical latch holding
force on the secondary plunger sufficient to allow the
force of a secondary actuating spring to pull the second-
ary plunger away from the mechanical latch and the non
magnetic portion of the secondary plunger to engage with
the circuit protection and control device mechanism to
trip or open the main circuit protection and control device
contacts. The secondary actuator is reset by the action
of the circuit protection and control device mechanism
when the circuit protection and control device main con-
tacts are closed thus forcing the secondary plunger to
engage with the mechanical latch and compress the sec-
ondary actuating spring. This embodiment of a combina-
tion of two independent actuators in the same space typ-
ically used by a circuit protection and control device which
uses a solenoid assembly to provide actuation in the case
of a short circuit or gross over current fault condition can
be used in either a voltage independent or voltage de-
pendant circuit protection and control device for tripping
or opening the main circuit protection and control device
contacts in response to a plurality of fault conditions or
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functional requirements.
[0025] A further embodiment of this invention has as
the secondary actuator a solenoid comprises a combined
function housing, pole piece, firming ring, magnetic
plunger, non magnetic plunger, bobbin and winding. This
embodiment of a secondary actuator has a pole piece,
a firming ring, a secondary plunger which the non mag-
netic portion is located within the secondary actuator
magnetic portion and is held in position by an opposing
spring, a winding around a bobbin all of which the sec-
ondary plunger passes through and when sufficient cur-
rent is applied to the winding will pull the secondary plung-
er magnetic portion against the force of the primary ac-
tuator spring to move to engage with the pole piece, the
firming ring preventing buzzing when AC current is ap-
plied and thus the non magnetic portion of the secondary
plunger to engage with the circuit protection and control
device mechanism to trip or open the main circuit pro-
tection and control device contacts. The secondary ac-
tuator is reset when the current to the secondary winding
is removed and the primary actuator spring returns the
secondary plunger back to its rest position. This embod-
iment is suitable for a voltage dependant circuit protection
and control device due to the increased amount of current
required in the secondary actuator windings to move the
secondary plunger.
[0026] A further embodiment of this invention has as
a secondary actuator a solenoid comprises a combined
function housing, magnetic plunger, non magnetic plung-
er, bobbin and winding. This secondary actuator is locat-
ed within the primary actuator plunger and when suffi-
cient current is applied to the winding will pull the sec-
ondary plunger which the non magnetic portion is located
within the secondary actuator magnetic portion and is
held in position by an opposing spring, to the centre of
the windings against the force of the primary actuator
spring and the non magnetic portion of the secondary
plunger to engage with the circuit protection and control
device mechanism to trip or open the circuit protection
and control device main contacts. The secondary actu-
ator is reset when the current to the secondary winding
is removed and the primary actuator spring returns the
secondary plunger back to its rest position. The primary
actuator plunger also acts as a housing having the means
to isolate the secondary plunger from the effects of the
magnetic field generated from the winding of the primary
actuator in an over current or gross over current fault
condition. This embodiment can be used in a voltage
dependant circuit protection and control device due to
the increased amount of current required in the second-
ary actuator windings to move the secondary plunger.
[0027] In the case of all the embodiments the primary
or secondary actuators can be physically configured to
operate in opposite axial directions or in the same axial
direction thus enabling a suitable mechanism to open the
main contacts of a circuit protection and control device
with either the primary or secondary actuator and sub-
sequently using either the primary or secondary actuator

to act upon the mechanism to close the main contacts of
a circuit protection and control device dependant on suf-
ficient energy being available to the actuator when the
main contacts are open.
[0028] Therefore, a further embodiment of this inven-
tion has the combined primary and secondary actuation
utilised in a circuit protection and control device to open
and close at least a pair of separable contacts in the line
or plurality of conductor paths used for controlling the
current supplied to a load circuit, the contacts being op-
erated by a mechanism which uses an actuator as its
stimulus to open and close said contacts the actuator
having two independent means of opening or closing the
said circuit protection and control device contacts and
constructed in a manner where both actuation means
occupy the three dimensional physical space used for a
single actuation means the actuator is characterized as
having a primary and secondary actuator. Sufficient en-
ergy to enable actuation of either the primary or second-
ary actuator to engage the mechanism to close the main
contacts can be sourced from the input side of the device,
a capacitor, a battery, a mechanical energy store such
as a spring or mechanism, a solar cell or an independent
power supply. In an example of such an embodiment the
primary actuator functions to open the main contacts of
the circuit protection and control device by engaging the
primary plunger against the force of the spring with the
mechanism as a result of a short circuit fault condition.
The secondary actuator being the plunger of the primary
actuator is a solenoid comprises a combined function
housing, magnetic plunger, non magnetic plunger , bob-
bin and winding with the secondary plunger which the
non magnetic portion engages with a mechanism so
when the device main contacts are open the magnetic
portion of the secondary actuator will be asymmetrical
about the centre of the secondary actuator winding with
the spring in compression held by the mechanism. A suit-
able current is placed on the winding as a result of a
command from an external or remote location or control
electronics or such current derived from a sensor, the
magnetic plunger will be draw to the centre of the sec-
ondary actuator winding, the spring compression will re-
lease and thus move the mechanism to close the main
contacts of the circuit protection and control device. This
embodiment will also allow the circuit protection and con-
trol device to be opened and closed by a human manual
action.
[0029] Application examples of this embodiment ex-
ample are by no means limited to open and close an
energy metering device, a means to open and close a
device when receiving a signal embedded in the line volt-
age, a means to open and close a device which can be
mounted on the front face of a circuit protection and con-
trol device or circuit control device, a means to open and
close a device as a result of an over current fault condi-
tion, a means to open and close a device as a result of
an earth leakage fault condition, a means to open and
close a device as a result of an arc fault condition, a
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means to open and close a device as a result of an under
voltage fault condition, a means to open and close a de-
vice as a result of an over voltage fault condition, a means
to open and close a device as a result of a loss of neutral
fault condition, a means to open and close a device as
a result of an internal failure condition which renders the
device unsafe and as a means to open and close a device
as a result of a DC residual fault condition
[0030] In the case of all the embodiments a significant
amount of space within a circuit protection and control
device is made available by each combined actuator em-
bodiment thus enabling additional functionality to be add-
ed to a circuit protection and control device without in-
creasing the overall dimensions of the device.
[0031] According to an aspect of the invention we pro-
vide a circuit protection and control device, including: a
primary actuator comprising a first solenoid having a pri-
mary winding and a primary plunger, configured such
that a magnetic field generated by a current in the primary
winding causes movement of the primary plunger, char-
acterised in that the primary plunger comprises: a mag-
netic external housing; a non-magnetic region; and a sec-
ondary actuator comprising a second solenoid having
magnetic components including a secondary winding
and a secondary plunger having a magnetic portion, con-
figured such that the secondary plunger is moveable un-
der the influence of a magnetic field generated by a cur-
rent in the secondary winding; wherein the non-magnetic
region of the primary actuator isolates the magnetic com-
ponents of the secondary actuator from the effects of the
magnetic field generated by the primary winding when
the secondary plunger is in a non-actuating position.
[0032] The secondary plunger may include a non-mag-
netic portion for opening and closing a pair of separable
contacts for controlling the current supplied to the circuit.
[0033] The secondary winding may include a plurality
of windings.
[0034] The secondary actuator may include a winding
that comprises a bobbin.
[0035] The terminations of the secondary winding may
pass through the housing of the primary plunger.
[0036] The primary actuator may further include a
moulding, a frame and a spring.
[0037] The non-magnetic portion of the second plung-
er may be moveable to separate the pair of contacts un-
der movement of the primary plunger or the secondary
plunger.
[0038] The magnetic portion of the secondary plunger
may be releasably held by a permanent magnet.
[0039] A portion of the non-magnetic portion of the sec-
ondary plunger may be located within a portion of the
secondary plunger, and the non-magnetic portion of the
secondary plunger is held in position by an opposing
spring.
[0040] The secondary actuator may be a magnetic
latch solenoid.
[0041] The secondary actuator may be a mechanical
latch solenoid.

[0042] The device may be a voltage dependant circuit
protection and control device.
[0043] The device may be a voltage independent or a
voltage dependant circuit protection and control device.
[0044] The device may be operable to trip and reset a
circuit as a result of one or more of: a short circuit con-
dition, an over current fault condition, an earth leakage
fault condition, an arc fault condition, an under voltage
fault condition, an over voltage fault condition, a loss of
neutral fault condition, an internal component failure con-
dition which renders the device unsafe, a command from
an external or remote location, as a result of a DC residual
current fault condition, as a result of a energy usage limit,
as a result of a signal embedded in the line voltage, as
a result of a command from control electronics, as a result
of a current derived from a sensor, as a result of a manual
human action.
[0045] Current may be provided to one or both of the
first winding and second winding from at least one of: a
capacitive store of current, a current sourced from an
input side of the device, a battery, a solar cell, a mechan-
ical energy store, or an independent power supply.
[0046] The primary and secondary actuators can be
configured to operate in axially opposite directions or in
the same axial direction.

Brief description of drawings

[0047]

Figure 1 shows an embodiment having a magnetic
latch solenoid as an independent secondary actua-
tor which is combined within the physical space of a
circuit protection and control device primary short
circuit or gross over current actuator

Figure 2 shows an embodiment having a solenoid
as an independent secondary actuator which is com-
bined within the physical space of a circuit protection
and control device primary short circuit or gross over
current actuator

Figure 3 shows the stages of operation of an em-
bodiment example with the combined primary and
secondary actuation utilised to engage with a suita-
ble mechanism to open and close the main contacts
of a circuit protection and control device

Description of embodiments

[0048] Figure 1 shows an embodiment where a circuit
protection and control device short circuit primary actu-
ator assembly comprising of a frame 15, a primary wind-
ing 14, a moulding 12 & a spring 10 has combined entirely
within its physical space a magnetic latch solenoid as an
independent secondary actuator.
[0049] The primary actuator further comprises of a
combined function housing 8 which functions as a prima-
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ry actuator plunger & a secondary actuator housing which
is then allowed to slide within the moulding 12 against
the force of the spring 10.
[0050] The secondary independent actuator compris-
es the combined function housing 8 made from a mag-
netic material which isolates the internal secondary ac-
tuator components from the effects of the magnetic field
generated from the current in the primary actuator wind-
ing 14. The combined function housing 8 has an internal
non magnetic region 6 which magnetically isolates the
secondary actuator magnetic circuit component 3 from
the combined function housing 8. Internal to the magnetic
circuit component 3 is the secondary actuator magnetic
plunger 1 which is held on the plunger plate 2 by a per-
manent magnet 4 against the opposing spring 7 force.
The secondary actuator non magnetic plunger 13 is lo-
cated within the secondary actuator magnetic plunger 1
and also locates the spring 7. The secondary actuator
magnetic circuit thus comprises the magnetic circuit com-
ponent 3, the magnetic plunger 1, the plunger plate 2 and
the permanent magnet 4. The secondary actuator mag-
netic circuit is isolated from the magnetic field resulting
from the primary actuator winding 14 by the combined
function housing 8 and the non magnetic plunger 13 when
the secondary actuator is in its non actuating position.
The secondary actuator further comprises a winding 9
connected to a suitable current source which is wound
round a bobbin 5 which also locates the magnetic plunger
1, the plunger plate 2 and the permanent magnet 4. The
winding terminations 11 pass through a small aperture
in the bobbin 5, the magnetic circuit component 3, the
non magnetic region 6 and the combined function hous-
ing 8.
[0051] The primary actuator functions as follows. In a
gross over current or short circuit fault condition, the mag-
netic field generated by the current in the primary actuator
winding 14 pulls the secondary actuator combined func-
tion housing 8 towards the centre of the primary actuator
winding 14 in the direction of arrow A and against the
force of the spring 10. Thus the entire secondary actuator
assembly slides within the moulding 12 in the direction
of arrow A were the non magnetic plunger 13 contacts
the circuit protection and control device trip mechanism
to cause the main contacts in the circuit protection and
control device to open. When the current is removed from
the primary actuator winding 14 due to the main circuit
protection and control device contacts being open, the
spring 10 forces the combined function housing 8 & thus
the entire secondary actuator back in the direction of ar-
row B to the primary actuator rest position determined
by the moulding 12. Alternatively, the combined function
housing 8 and thus the entire secondary actuator is driven
back in the direction of arrow B to the rest position de-
termined by the moulding 12 when the circuit protection
and control device main contacts are closed and the cir-
cuit protection and control device mechanism forces the
non magnetic plunger 13 back in the direction of arrow
B along with the entire secondary actuator.

[0052] The secondary independent actuator functions
as follows. A suitable current pulse is applied to the wind-
ing 9 resulting in the magnetic circuit of the secondary
actuator being influenced to weaken the holding force of
the permanent magnet 4 on the magnetic plunger 1 suf-
ficient so that the spring 7 forces the magnetic plunger 1
and the non magnetic plunger 13 in the direction of arrow
A sufficient to engage with the circuit protection and con-
trol device mechanism and cause the circuit protection
and control device main contacts to open. When the cir-
cuit protection and control device main contacts are
closed, the non magnetic plunger 13 and the magnetic
plunger 1 are forced back in the direction of arrow B,
compressing the spring 7 until the magnetic plunger 1 is
in contact with the plunger plate 2 and under the influence
of the holding force of the permanent magnet 4 and sec-
ondary actuator magnetic circuit. The independent func-
tion of the secondary actuator is ensured by the magnetic
isolation of the secondary actuator due to the combined
function housing 8 and the non magnetic plunger 13 iso-
lating the secondary actuator internal magnetic circuit
from the effects of the current in the primary actuator
winding 14.
[0053] Figure 2 shows a further embodiment where a
circuit protection and control device short circuit primary
actuator assembly comprising of a frame 15, a primary
winding 14, a moulding 12 & a spring 10 has combined
entirely within its physical space a solenoid as an inde-
pendent secondary actuator.
[0054] The primary actuator further comprises of a
combined function housing 18 which functions as a pri-
mary actuator plunger & a secondary actuator housing
which is then allowed to slide within the moulding 12
against the force of the spring 10.
[0055] The secondary independent actuator compris-
es the combined function housing 18 made from a mag-
netic material which isolates the internal secondary ac-
tuator components from the effects of the magnetic field
generated from the current in the primary actuator wind-
ing 14.
[0056] The secondary actuator non magnetic plunger
19 is located within the secondary actuator magnetic
plunger 20 and also locates the spring 10. The secondary
actuator thus comprises of the combined function hous-
ing 18, the magnetic plunger 20, non magnetic plunger
19, the winding 21, the bobbin 22 and the spring 10. The
secondary actuator magnetic circuit is isolated from the
magnetic field resulting from the primary actuator winding
14 by the combined function housing 18 and the non
magnetic plunger 19 when the secondary actuator is in
its non actuating position. The secondary actuator having
a winding 21 connected to a suitable current source which
is wound round a bobbin 22 which also locates the mag-
netic plunger 20. The winding terminations 11 pass
through a small aperture in the bobbin 22 and the com-
bined function housing 18.
[0057] The primary actuator functions as follows. In a
gross over current or short circuit fault condition, the mag-
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netic field generated by the current in the primary actuator
winding 14 pulls the secondary actuator combined func-
tion housing 18 towards the centre of the primary actuator
winding 14 in the direction of arrow A and against the
force of the spring 10. Thus the entire secondary actuator
assembly slides within the moulding 12 in the direction
of arrow A were the non magnetic plunger 19 contacts
the circuit protection and control device trip mechanism
to cause the main contacts in the circuit protection and
control device to open.
[0058] When the current is removed from the primary
actuator winding 14 due to the main circuit protection and
control device contacts being open, the spring 10 forces
the combined function housing 18 & thus the entire sec-
ondary actuator back in the direction of arrow B to the
primary actuator rest position determined by the mould-
ing 12. Alternatively, the combined function housing 18
& thus the entire secondary actuator is driven back in the
direction of arrow B to the rest position determined by
the moulding 12 when the circuit protection and control
device main contacts are closed and the circuit protection
and control device mechanism forces the non magnetic
plunger 19 back in the direction of arrow B along with the
entire secondary actuator.
[0059] The secondary independent actuator functions
as follows. A suitable current is applied to the winding 21
resulting in the magnetic plunger 20 being forced in the
direction of arrow A against the force of the spring 10
moving toward the axial mid point of the winding 21 suf-
ficient to enable the non magnetic plunger 19 to engage
with the circuit protection and control device mechanism
and cause the circuit protection and control device main
contacts to open. When the current is removed from the
winding 21 the force of the spring 10 will return the mag-
netic plunger 20 & the non magnetic plunger 19 back in
the direction of arrow B to their start position.
[0060] Figure 3 shows an example embodiment where
a circuit protection and control device short circuit primary
actuator assembly comprising of a frame 15, a primary
winding 14, a moulding 12 & a spring 10 has combined
entirely within its physical space a solenoid as an inde-
pendent secondary actuator.
[0061] The primary actuator further comprises of a
combined function housing 18 which functions as a pri-
mary actuator plunger & a secondary actuator housing
which is then allowed to slide within the moulding 12
against the force of the spring 10.
[0062] The secondary independent actuator compris-
es the combined function housing 18 made from a mag-
netic material which isolates the internal secondary ac-
tuator components from the effects of the magnetic field
generated from the current in the primary actuator wind-
ing 14.
[0063] The secondary actuator non magnetic plunger
19 is located within the secondary actuator magnetic
plunger 20 and also locates the spring 10. The secondary
actuator thus comprises of the combined function hous-
ing 18, the magnetic plunger 20, non magnetic plunger

19, the winding 21, the bobbin 22 and the spring 10. The
secondary actuator magnetic circuit is isolated from the
magnetic field resulting from the primary actuator winding
14 by the combined function housing 18 and the non
magnetic plunger 19 when the secondary actuator is in
its non actuating position. The secondary actuator having
a winding 21 connected to a suitable current source which
is wound round a bobbin 22 which also locates the mag-
netic plunger 20. The winding terminations 11 pass
through a small aperture in the bobbin 22 and the com-
bined function housing 18.
[0064] The embodiment example functions as follows.
[0065] Stage 1 shows the primary & secondary actu-
ators at rest.
[0066] Stage 2 shows the primary actuator functioning
in this example in a gross over current or short circuit
fault condition, the magnetic field generated by the cur-
rent in the primary actuator winding 14 pulls the second-
ary actuator combined function housing 18 towards the
centre of the primary actuator winding 14 in the direction
of arrow A and against the force of the spring 10 which
is compressed. Thus the entire secondary actuator as-
sembly slides within the moulding 12 in the direction of
arrow A were the non magnetic plunger 19 engaged with
the circuit protection and control device mechanism re-
sults in the main contacts of the circuit protection and
control device to open.
[0067] Stage 3 shows when the current is removed
from the primary actuator winding 14 due to the main
circuit protection and control device contacts being open,
the spring 10 decompresses and thus forces the com-
bined function housing 18 & thus the entire secondary
actuator back in the direction of arrow B to the primary
actuator rest position determined by the moulding 12 with
the exception of the non magnetic plunger 19 and the
magnetic plunger 20 which remain engaged with the
mechanism in the open position.
[0068] Stage 4 shows a suitable current is applied to
the winding 21 resulting in the magnetic plunger 20 being
forced in the direction of arrow B moving toward the axial
mid point of the winding 21 sufficient to enable the non
magnetic plunger 19 engaged with the circuit protection
and control device mechanism to cause the circuit pro-
tection and control device main contacts to close.
[0069] Alternatively, the non magnetic plunger 19 and
the magnetic plunger 20 are driven back in the direction
of arrow B to the rest position determined by the bobbin
22 when the circuit protection and control device main
contacts are manually closed, thus the engaged mech-
anism forces the non magnetic plunger 19 and the mag-
netic plunger 20 back in the direction of arrow B to the
rest position determined by the bobbin 22.

Claims

1. A circuit protection and control device, including:
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a primary actuator comprising a first solenoid
having a primary winding (14) and a primary
plunger (8,18), configured such that a magnetic
field generated by a current in the primary wind-
ing (14) causes movement of the primary plung-
er (8,18),
characterised in that the primary plunger
(8,18) comprises:

a magnetic external housing;
a non-magnetic region (6); and
a secondary actuator comprising a second
solenoid having magnetic components in-
cluding a secondary winding (9, 21) and a
secondary plunger having a magnetic por-
tion (1, 20), configured such that the sec-
ondary plunger is moveable under the influ-
ence of a magnetic field generated by a cur-
rent in the secondary winding (9, 21);

wherein the non-magnetic region (6) of the pri-
mary actuator or the magnetic external housing
isolates the magnetic components of the sec-
ondary actuator from the effects of the magnetic
field generated by the primary winding (14) when
the secondary plunger is in a non-actuating po-
sition.

2. A circuit protection and control device according to
claim 1, wherein the secondary plunger includes a
non-magnetic portion (13,19) for opening and clos-
ing a pair of separable contacts for controlling the
current supplied to the circuit.

3. A circuit protection and control device according to
claim 1 wherein the secondary winding (9,21) in-
cludes a plurality of windings.

4. A circuit protection and control device according to
claim 1 wherein the secondary winding (9, 21) com-
prises a bobbin (5,22).

5. A circuit protection and control device according to
claim 1 wherein the terminations of the secondary
winding (9,21) pass through the housing of the pri-
mary plunger (8,18).

6. A circuit protection and control device according to
claim 1 wherein the primary actuator further includes
a moulding (12), a frame (15) and a primary actuator
spring (10).

7. A circuit protection and control device according to
claim 2 wherein the non-magnetic portion (13, 19)
of the secondary plunger is moveable to separate
the pair of contacts under movement of the primary
plunger (8,18) or the secondary plunger.

8. A circuit protection and control device according to
claim 1, wherein the magnetic portion (1) of the sec-
ondary plunger is releasably held by a permanent
magnet (4).

9. A circuit protection and control device according to
claim 1, in which a portion of the non-magnetic por-
tion (19) of the secondary plunger is located within
a portion of the magnetic portion (20) of the second-
ary plunger, and the non-magnetic portion (19) of
the secondary plunger is held in position by an op-
posing spring (10).

10. A circuit protection and control device according to
claim 1, wherein the secondary actuator is a mag-
netic latch solenoid or a mechanical latch solenoid.

11. A circuit protection and control device according to
claim 1, wherein the device is a voltage dependant
circuit protection and control device.

12. A circuit protection and control device according to
claim 10, wherein the device is a voltage independ-
ent or a voltage dependant circuit protection and con-
trol device.

13. A circuit protection and control device according to
claim 1 operable to trip and reset a circuit as a result
of one or more of: a short circuit condition, an over
current fault condition, an earth leakage fault condi-
tion, an arc fault condition, an under voltage fault
condition, an over voltage fault condition, a loss of
neutral fault condition, an internal component failure
condition which renders the device unsafe, a com-
mand from an external or remote location, as a result
of a DC residual current fault condition, as a result
of a energy usage limit, as a result of a signal em-
bedded in the line voltage, as a result of a command
from control electronics, as a result of a current de-
rived from a sensor, as a result of a manual human
action.

14. A circuit protection and control device according to
claim 1, wherein current is provided to one or both
of the primary winding (14) and secondary winding
(9,21) from at least one of: a capacitive store of cur-
rent, a current sourced from an input side of the de-
vice, a battery, a solar cell, a mechanical energy
store, or an independent power supply.

15. A circuit protection and control device according to
claim 1, wherein the primary and secondary actua-
tors can be configured to operate in axially opposite
directions or in the same axial direction.
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Patentansprüche

1. Stromkreisschutz- und Überwachungsvorrichtung,
beinhaltend:

einen primären Auslöser umfassend ein erstes
Solenoid aufweisend eine primäre Wicklung
(14) und einen primären Tauchkern (8, 18), der-
art konfiguriert, dass ein durch einen Strom in
der primären Wicklung (14) erzeugtes Magnet-
feld eine Bewegung des primären Tauchkerns
(8, 18) herbeiführt,
dadurch gekennzeichnet, dass der primäre
Tauchkern (8, 18) Folgendes umfasst:

ein magnetisches Außengehäuse;
eine nicht-magnetische Region (6); und
einen sekundären Auslöser umfassend ein
zweites Solenoid aufweisend

magnetische Komponenten beinhaltend eine
sekundäre Wicklung (9, 21) und einen sekun-
dären Tauchkern aufweisend einen magneti-
schen Abschnitt (1, 20), derart konfiguriert, dass
der sekundäre Tauchkern unter dem Einfluss ei-
nes durch einen Strom in der sekundären Wick-
lung (9, 21) erzeugten Magnetfelds bewegbar
ist;
worin die nicht-magnetische Region (6) des pri-
mären Auslösers oder des magnetischen Au-
ßengehäuses die magnetischen Komponenten
des sekundären Auslösers von den Wirkungen
des durch die primäre Wicklung (14) erzeugten
Magnetfelds isoliert, wenn sich der sekundäre
Tauchkern in einer nicht auslösenden Position
befindet.

2. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin der sekundäre Tauchkern
einen nicht-magnetischen Abschnitt (13, 19) zum
Öffnen und Schließen eines Paars trennbarer Kon-
takte zum Regeln des dem Stromkreis zugeführten
Stroms beinhaltet.

3. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin die sekundäre Wicklung (9,
21) eine Mehrzahl von Wicklungen beinhaltet.

4. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin die sekundäre Wicklung (9,
21) eine Spule (5, 22) umfasst.

5. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin die Abschlüsse der sekun-
dären Wicklung (9, 21) durch das Gehäuse des pri-
mären Tauchkerns (8, 18) hindurch verlaufen.

6. Stromkreisschutz- und Überwachungsvorrichtung

nach Anspruch 1, worin der primäre Auslöser ferner
ein Formteil (12), einen Rahmen (15) und eine pri-
märe Auslöserfeder (10) beinhaltet.

7. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 2, worin der nicht-magnetische Ab-
schnitt (13, 19) des sekundären Tauchkerns beweg-
bar ist, um das Paar Kontakte unter Bewegung des
primären Tauchkerns (8, 18) oder des sekundären
Tauchkerns zu trennen.

8. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin der magnetische Abschnitt
(1) des sekundären Tauchkerns von einem Perma-
nentmagnet (4) lösbar gehalten wird.

9. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, in welcher ein Abschnitt des nicht-
magnetischen Abschnitts (19) des sekundären
Tauchkerns innerhalb eines Abschnitts des magne-
tischen Abschnitts (20) des sekundären Tauchkerns
befindlich ist und der nicht-magnetische Abschnitt
(19) des sekundären Tauchkerns von einer Gegen-
feder (10) in Position gehalten wird.

10. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin der sekundäre Auslöser ein
magnetisches Verriegelungssolenoid oder ein me-
chanisches Verriegelungssolenoid ist.

11. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin die Vorrichtung eine span-
nungsabhängige Stromkreisschutz- und Überwa-
chungsvorrichtung ist.

12. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 10, worin die Vorrichtung eine span-
nungsunabhängige oder eine spannungsabhängige
Stromkreisschutz- und Überwachungsvorrichtung
ist.

13. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, die betätigbar ist, um einen Strom-
kreis infolge eines oder mehrerer von Folgenden
auszulösen und rückzusetzen: eines Kurzschluss-
zustands,
eines Überstromfehlerzustands, eines Fehlerstrom-
zustands, eines Störlichtbogenzustands, eines Un-
terspannungsfehlerzustands, eines Überspan-
nungsfehlerzustands, eines Nulleiterausfall-Fehler-
zustands, eines internen Komponentenausfallzu-
stands, der die Vorrichtung unsicher macht, eines
Befehls von einem externen oder entfernten Ort, in-
folge eines DC-Reststromfehlerzustands, infolge ei-
nes Energieverbrauchslimits, infolge eines in der
Leitungsspannung eingebetteten Signals, infolge ei-
nes Befehls von der Steuerelektronik, infolge eines
von einem Sensor abgeleiteten Stroms, infolge ei-
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nes manuellen menschlichen Vorgehens.

14. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin Strom für eine oder beide
der primären Wicklung (14) und sekundären Wick-
lung (9, 21) von zumindest einem von Folgenden
bereitgestellt wird: einem kapazitativen Stromspei-
cher, einem von einer Eingangsseite der Vorrichtung
bezogenen Strom, einer Batterie, einer Solarzelle,
einem mechanischen Energiespeicher oder einer
unabhängigen Stromversorgung.

15. Stromkreisschutz- und Überwachungsvorrichtung
nach Anspruch 1, worin die primären und sekundä-
ren Auslöser dafür konfiguriert werden können, in
axial entgegengesetzten Richtungen oder in dersel-
ben axialen Richtung zu arbeiten.

Revendications

1. Dispositif de protection et de surveillance de circuit,
comprenant :

un actionneur principal comprenant un premier
solénoïde ayant un enroulement principal (14)
et un piston principal (8, 18), conçu de telle sorte
qu’un champ magnétique généré par un courant
dans l’enroulement principal (14) entraîne le dé-
placement du piston principal (8, 18),
caractérisé en ce que le piston principal (8, 18)
comprend :

un corps externe magnétique ;
une région non magnétique (6) ; et
un actionneur secondaire comprenant un
second solénoïde ayant des composants
magnétiques incluant un enroulement se-
condaire (9, 21) et un piston secondaire
ayant une partie magnétique (1, 20), conçu
de telle sorte que le piston secondaire puis-
se se déplace sous l’influence d’un champ
magnétique généré par un courant dans
l’enroulement secondaire (9, 21) ;

dans lequel la région non magnétique (6) de l’ac-
tionneur principal ou le corps externe magnéti-
que isole les composants magnétiques de l’ac-
tionneur secondaire des effets du champ ma-
gnétique généré par l’enroulement principal (14)
quand le piston secondaire est dans une posi-
tion de non-actionnement.

2. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel le piston se-
condaire comprend une partie non magnétique (13,
19) pour l’ouverture et la fermeture d’une paire de
contacts séparables afin de surveiller le courant four-

ni au circuit.

3. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel l’enroulement
secondaire (9, 21) consiste en une pluralité d’enrou-
lements.

4. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel l’enroulement
secondaire (9, 21) consiste en une bobine (5, 22).

5. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel les extrémités
de l’enroulement secondaire (9, 21) traversent le
corps du piston principal (8, 18).

6. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel l’actionneur
principal comprend en outre une moulure (12), un
bâti (15) et un ressort d’actionneur principal (10).

7. Dispositif de protection et de surveillance de circuit
selon la revendication 2, dans lequel la partie non
magnétique (13, 19) du piston secondaire peut se
déplacer pour séparer la paire de contacts lors du
déplacement du piston principal (8, 18) ou du piston
secondaire.

8. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel la partie ma-
gnétique (1) du piston secondaire est maintenue de
manière amovible par un aimant permanent (4).

9. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel une partie de
la partie non magnétique (19) du piston secondaire
est située dans une partie de la partie magnétique
(20) du piston secondaire, et la partie non magnéti-
que (19) du piston secondaire est maintenue en po-
sition par un ressort opposé (10).

10. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel l’actionneur se-
condaire est un solénoïde à verrouillage magnétique
ou un solénoïde à verrouillage mécanique.

11. Dispositif de protection et de surveillance de circuit
selon la revendication 1, le dispositif étant un dispo-
sitif de protection et de surveillance de circuit dépen-
dant d’une tension.

12. Dispositif de protection et de surveillance de circuit
selon la revendication 10, le dispositif étant un dis-
positif de protection et de surveillance de circuit in-
dépendant d’une tension ou dépendant d’une ten-
sion.

13. Dispositif de protection et de surveillance de circuit
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selon la revendication 1, pouvant être utilisé pour
déclencher et réinitialiser un circuit en conséquence
d’une condition de court-circuit, d’une condition
d’anomalie de surintensité, d’une condition d’ano-
malie de fuite à la terre, d’une condition d’anomalie
d’arc, d’une condition d’anomalie de sous-tension,
d’une condition d’anomalie de surtension, d’une con-
dition d’anomalie de perte du neutre, d’une condition
d’anomalie d’un composant interne qui rend le dis-
positif non sûr, d’une commande provenant d’un site
externe ou distant, d’une condition d’anomalie de
courant continu résiduel, d’une limite d’usage
d’énergie, d’un signal intégré dans la tension de li-
gne, d’une commande provenant de l’électronique
de commande, d’un courant obtenu par un capteur,
et/ou d’une action humaine manuelle.

14. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel un courant est
fourni à l’enroulement principal (14) et/ou à l’enrou-
lement secondaire (9, 21) en provenance d’un stoc-
kage capacitif de courant, d’une source de courant
provenant d’un côté d’entrée du dispositif, d’une bat-
terie, d’une pile solaire, d’un magasin d’énergie mé-
canique ou d’une alimentation indépendante.

15. Dispositif de protection et de surveillance de circuit
selon la revendication 1, dans lequel les actionneurs
principal et secondaire peuvent être conçus pour
fonctionner dans des directions opposées axiale-
ment ou dans la même direction axiale.
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