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7) ABSTRACT

A switchable magnetic device includes a first magnet and a
second magnet, both of which are essential cylindrical.
Magnets are housed in a housing made from pole pieces.
Pole pieces are ferromagnetic. Lower magnet is fixedly
mounted in the housing whilst upper magnet can rotate
within the housing. Upper magnet is formed with notches or
grooves along its vertical side walls. These notches or
grooves receive downwardly depending arms of bar. Bar is
received inside a groove formed on boss. Boss is connected
to a short bar that, in turn, is fixedly connected to a handle
or lever. By this means, rotation of handle or lever causes
rotation of second magnet. When the upper magnet is
positioned such that its north pole substantially overlies the
south pole of lower magnet and the south pole of upper
magnet substantially overlies the north pole of lower mag-
net, the first and second magnets act as an internal active
magnetic shunt and as a result the external magnetic field
strength from the device is quite low. Rotating the upper
magnet 180° about its axis of rotation brings the magnets
into alignment such that the respective north and south poles
of the upper magnet substantially overlie respective north
and south poles of lower magnet. In this alignment, the
external magnet field from the device is quite strong and the
device can be affixed to surfaces or objects.
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SWITCHABLE PERMANENT MAGNETIC DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a magnetic device.
In particular, the present invention relates to a switchable
permanent magnet device.

BACKGROUND OF THE INVENTION

[0002] Permanent magnets consist of a ferromagnetic
material that has been suitably magnetized. Permanent mag-
nets provide a magnetic field without requiring an electric
current. Permanent magnets are attracted to and can be
firmly affixed ferromagnetic materials. However, permanent
magnets suffer from the drawback that their energy output is
fixed and they cannot be employed if a variation in magnetic
field strength is required.

[0003] Due to the above-mentioned drawback with per-
manent magnets, it has been customary to control magnetic
fields by using electric currents or electromagnets. The
strength and orientation of the magnetic fields of electro-
magnets can be controlled successfully by controlling the
strength and direction of the electric current However, this
introduces the necessity of having to provide a constantly
available source of electric current and associated wiring.
This can cause complexity and potential hazards.

[0004] A number of attempts have also been made to
arrange permanent magnets to enable variations to be
achieved in magnetic field strength. A number of different
approaches have been tried to produce practical solutions.
However, these approaches resulted in bulky constructions,
complicated constructions, or devices that were expensive to
manufacture. The prior art devices also paid little attention
to achieving a good holding force between the devices and
substrates under conditions where an incomplete external
magnetic circuit existed, for example, where there were gaps
between the magnet and the keeper, or where the keeper or
substrate had a low permeability, such as thin ferrous sheet
metal. To achieve good holding forces in the prior art
devices, it was necessary that perfect contact between the
magnet and the substrate be achieved and that the substrate
be of substantial volume to enable a sufficient magnetic flux
to be established. This, of course, could be difficult to
achieve in practice.

[0005] U.S. Pat. No. 3,121,193 (Engelstead) describes a
permanent magnet-type work holding device especially a
chuck that is adapted for use in turning operations. The
device of Engelstead consists of arrays of permanent mag-
nets, which magnets are of generally rectangular configu-
ration. In order to adjust the field strength an array of pole
pieces was moved away from and out of alignment with
another array of pole pieces.

[0006] U.S. Pat. No. 4,251,791 (Yanagisawa) describes a
magnetic base which is switchable between an engaged
position and releaseable from a substance by an operation of
a single rotating permanent magnet disposed notably in a
magnetic circuit block. The rotary magnet in Yanagisawa is
rotated by 90° to switch between the exited and the unex-
cited states. This device relies upon using passive external
magnetic members of substantial mass (12 and 14 of FIG.
1 of Yanagisawa) having a rotatable magnet (20) positioned
therein.
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[0007] United Kingdom patent application no 2130797
relates to a permanent magnet chuck capable of switching
from an excited state to an unexcited state by changing the
relative positional relationship between fixed permanent
magnets and movable permanent magnets. The movable
permanent magnets move laterally with respect to the fixed
magnets in order to vary the magnetic filed.

SUMMARY OF THE INVENTION

[0008] Tt is an object of the present invention to provide a
switchable magnetic device having improved properties.

[0009] In a first aspect, the present invention provides a
switchable magnetic device comprising a housing, a first
permanent magnet, a second permanent magnet, said first
and second permanent magnets being diametrically
polarised, said first and second permanent magnets being
mounted within the housing such that the first and second
permanent magnets are rotatable relative to each other, and
actuation means for causing relative rotation of the first and
second permanent magnets, wherein said device presents a
relatively strong external magnetic field when said first and
second permanent magnets are positioned relative to each
other such that a north and south poles of the first magnet are
in substantial alignment with respective north and south
poles of the second magnet, and the device presents a
relatively weak external magnetic field when the first and
second magnets are positioned relative to each other such
that the north pole of the first magnet is in substantial
alignment with the south pole of the second magnet and vice
Versa.

[0010] The housing preferably includes a low magnetic
reluctance path.

[0011] Preferably, the first and second magnets are sub-
stantially cylindrical. In a particularly preferred embodiment
the first and second magnets are substantially disc shaped.

[0012] Preferably, the first magnet and the second magnet
are mounted in the housing such that a face of the first
magnet is opposed to a face of the second magnet. Most
preferably, one magnet is mounted above the other magnet.

[0013] Tt is preferred that one magnet is fixedly mounted
in the housing and that the other magnet is able to rotate in
the housing. However, it will be appreciated that relative
rotation between the magnets can also result from both
magnets being rotatable. Accordingly, the present invention
also encompasses devices in which both magnets can rotate.

[0014] The housing may comprise a pair of passive ferro-
magnetic elements which are magnetically separated, for
example, by an air gap or by magnetically high reluctance
material(s). The housing most suitably defines a chamber in
which the first and second magpets are positioned. The
chamber may have open ends or, more preferably, is a closed
chamber. Chamber closing members are suitably used to
close the chamber.

[0015] In another embodiment, the housing is made as a
unitary construction or from a single piece of material. In
this embodiment, it is preferred that there be two portions of
the housing having reduced cross sectional area such that the
housing acts as two passive poles. Alternatively, portions of
the housing may be treated such that the portions become
non-magnetic to thereby result in the housing acting as two
passive poles.
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[0016] The housing is preferably made from a material
having a low magnetic reluctance. Soft steel, iron or per-
malloys are examples of suitable materials for the housing.

[0017] The housing most preferably comprises a pair of
passive poles. The strength of the external magnetic field can
be maximised by shaping the pair of passive poles such that
they reflect the magnetic field strength around the perimeter
of the first and second permanent magnets.

[0018] The first and second magnets are preferably sub-
stantially disc-shaped Most preferably, the first and second
magnets are essentially cylindrical in shape and the height of
the cylinder is less than the diameter of the cylinder. It will
be appreciated that the first and second magnets need not be
exactly cylindrical and that slight variations from a circular
cross-section also fall within the scope of the present inven-
tion. The height of the magnets may vary over a wide range,
and the ratio of diameter to height may also vary over a wide
range.

[0019] The first and second magnets are also diametrically
magnetised. By that, it is meant that the north pole region is
separated by a diameter of the cylindrical surface of the
magnet from the south pole region. The north pole region
and south pole region both exist on the upper and lower
substantially circular faces of the magnet and extend through
the length or height of the magnet.

[0020] The first and second magnets may be essentially
identical to each other.

[0021] Alternatively, the first and second magnets may
have different magnetic properties. The magnets may have
the same or different physical dimensions to each other.
Varying the magnetic properties or the physical dimensions
of the first and second magnets can be used in some
embodiments of the invention to vary magnetic switching
properties.

[0022] As mentioned earlier, it is preferred that one mag-
net is fixed in the housing and one magnet can rotate in the
housing. It is especially preferred that the rotatable magnet
can rotate about the centre point of its essentially circular
faces. In this fashion, the requirement for large clearances
between the inner walls of the housing and the rotatable
magnet are avoided. In this embodiment, the shape of the
body of rotation of the rotatable magnet is the same shape as
the magnet itself (ie substantially circular in top or plan
view) and thus the magnet can rotate and yet retain its
positioning relative to the walls of the housing.

[0023] The actuation means for causing relative rotation of
the magnets preferably comprises a handle or knob being in
connection with one of the magnets. The handle or knob may
be connected to the one magnet by one or more intermediate
members.

[0024] The handle or knob may be rotated manually,
electrically, pneumatically, hydraulically, by the action of
expansion of a bimetallic strip, or indeed by any other
suitable method The handle may comprise a torque sensitive
lever that does not allow a torque in excess of a predeter-
mined amount to be applied to the one magnet. In this
regard, when there is no external load applied to the device,
it is difficult to switch device between active and inactive
states. Use of a torque sensitive lever as part of the actuation
means can result in it being impossible to switch the device
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between the active and inactive states if no sufficient exter-
nal magnetic circuit is present.

[0025] As mentioned above, the housing preferably
includes two passive poles, and it is also preferred that one
magnet is fixed in the housing. In this particularly preferred
embodiment, the one magnet is fixed in place such that the
pole pieces are permanently energised.

[0026] The permanent magnets in the first aspect of the
present invention may be of any suitable type. The most
preferred at present are rare earth magnets because they can
have a strong magnetic field. Such magnets also have a high
coercivity, which means that they resist becoming demag-
netised. It is envisaged that permanent magnet technology
will continue to develop and it is likely that more powerful
magnets will become available in the future that will be
suitable for use in the present invention.

[0027] The first and second magnets may be essentially
identical to each other. Alternatively, the first and second
magnets may have different magnetic properties. The mag-
nets may have the same or different physical dimensions to
each other. Varying the magnetic properties or the physical
dimensions of the first and second magnets can be used in
some embodiments of the invention to vary magnetic
switching properties.

[0028] The present invention may be used as a switchable
magnetic holding device. For example, the device may be
used to clasp onto surfaces, especially metal surfaces. In
some embodiments, the surface to which the device is
affixed is located adjacent or underneath a lower surface of
the lower magnet. In other embodiments, the surface to
which the device is affixed is located adjacent or beside the
side surfaces of the magnets.

[0029] Alternatively, the device may be used in applica-
tions where mainly use of magnetic field is required or
desirable. For example, triggering magnetic sensors, for
example, in mines, particle deflection, etc.

[0030] In a second aspect, the present invention provides
a switchable magnetic device of the kind including a hous-
ing, a first permanent magnet, a second permanent magnet,
the first and second permanent magnets being mounted
within the housing such that the first and second magnets are
rotatable relative to each other, and actuation means for
causing relative rotation of the first and second magnets,
wherein in a “fully off” position the north pole of the first
magnet is in substantial alignment with the south pole of the
second magnet and vice versa such that the device presents
a relatively weak external magnetic field and relative rota-
tion of the magnets by 180° moves the magnet to a “fully
on” position in which the north pole of the first magnet is
positioned in alignment with the north pole of the second
magnet such that the device presents a relatively strong
external magnetic field, characterised in that a biasing means
is operatively associated with said actuation means to bias
said magnets away from the fully off position and wherein
placing said device on or in close proximity to a ferromag-
netic material causes the first and second magnets to switch
to a relative orientation such that the device presents a
relatively strong external magnetic field.

[0031] Preferably said relative orientation comprises the
fully on position.
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[0032] The device of the first aspect of the present inven-
tion provides a switchable magnetic device that can auto-
matically switch to an “on” position in which the device
presents a relative strong external magnetic field when the
device is positioned on or in close proximity to a ferromag-
netic material.

[0033] In a third aspect, the present invention provides a
switchable magpetic device of the kind including a housing,
a first permanent magnet, a second permanent magnet, the
first and second permanent magnets being mounted within
the housing such that the first and second magnets are
rotatable relative to each other, and actuation means for
causing relative rotation of the first and second magnets
wherein in a “fully off” position the north pole of the first
magnet is in substantial alignment with the south pole of the
second magnet and vice versa such that the device presents
a relatively weak external magnetic field and relative rota-
tion of the magnets by 180° moves the magnets to a “fully
on” position in which the north pole of the first magnet is
positioned in alignment with the north pole of the second
magnet such that the device presents a relatively strong
external magnetic field, characterised in that said device
further includes rotation limiting means preventing said
magnets from reaching the “fully on” position.

[0034] In a fourth aspect, the present invention provides a
switchable magnpetic device of the kind including a housing,
a first permanent magnet, a second permanent magnet, the
first and second permanent magnets being mounted within
the housing such that the first and second magnets are
rotatable relative to each other, and actuation means for
causing relative rotation of the first and second magnets,
wherein, in a “fully off” position the north pole of the first
magnet is in substantial alignment with the south pole of the
second magnet and vice versa such that the device presents
a relatively weak external magnetic field and relative rota-
tion of the magnets by 180° moves the magnets to a “fully
on” position in which the north pole of the first magnet is
positioned in alignment with the north pole of the second
magnet such that the device presents a relatively strong
external magnetic field, characterised in that relative rotation
of the first and second magnets is limited to less than 180°
such that said magnets are prevented from reaching the fully
on position but said first and second magnets can be rotated
to a relative orientation such that the north and south poles
of the first magnet are closely but not completely aligned
with respective north and south poles of the second magnet
such that said device still presents a relatively strong exter-
nal magnetic field and said device automatically switches to
a state where the external magnetic field is relatively weak
when said device is removed from contact or removed from
close proximity to an external ferromagnetic material.

[0035] In a fifth aspect, the present invention provides a
switchable magnetic device of the kind including a housing,
a first permanent magnet, a second permanent magnet, the
first and second permanent magnets being mounted within
the housing such that the first and second magnets are
rotatable relative to each other, and actuation means for
causing relative rotation of the first and second magnets,
wherein in a “fully off” position the north pole of the first
magnet is in substantial alignment with the south pole of the
second magnet and vice versa such that the device presents
a relatively weak external magnetic field and relative rota-
tion of the magnets by 180° moves the magnet to a “fully
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on” position in which the north pole of the first magnet is
positioned in alignment with the north pole of the second
magnet such that the device presents a relatively strong
external magnetic field, characterised in that said actuation
means includes a flexible portion that deforms if the actua-
tion means is actuated in the absence of an external magnetic
circuit to thereby limit relative rotation of said magnets, said
flexible portion having sufficient yield strength to substan-
tially avoid deformation during actuation of said actuation
means in the presence of an external magnetic circuit.

[0036] Preferably, said flexible portion is a spring link.

[0037] Preferably, said flexible portion can be deformed to
a maximum extent, after which continued actuation of the
actuation means acts to cause relative rotation of the mag-
nets.

[0038] Inone embodiment of the fifth aspect of the present
invention, if an external magnetic circuit is established and
the device switched to the “on” position, the device may
remain in the “on” position if the external magnetic circuit
is forcibly removed. Thus, the device can act as a “memory”
advisor in that its status can tell whether successful contact
with an external magnetic circuit was achieved.

[0039] 1In a sixth aspect, the present invention provides a
coupling comprising a coupling comprising a first magnetic
device and a second magnetic device, the first magnetic
device being a switchable magnetic device comprising a first
permanent magnet and a second permanent magnet, said
first and second permanent magnets being movable relative
to each other and actuation means for effecting relative
movement between the first and second magnets wherein
said first magnetic device presents a relatively strong exter-
nal magnetic field when the first and second magnets are
positioned relative to each other such that north and south
poles of the first magnet are in substantial alignment with
respective north and south poles of the second magnet and
the first magnetic device presents a relatively weak external
magnetic field when the north pole of the first magnet is in
substantial alignment with the south pole of the second
magnet and vice versa, said first magnetic device and said
second magnetic device being arranged relative to each
other such that said second magnetic device attracts the first
magnetic device when the first magnetic device presents a
relatively weak external magnetic field and said second
magnetic device repels said first magnetic device when said
first magnetic device presents a relatively strong external
magnetic field.

[0040] The second magnetic device may be a magnet.
Alternatively, the second magnetic device may be a second
switchable magnetic device in accordance with any of the
first to fifth aspects of the present invention.

[0041] The coupling of the sixth aspect of the present
invention allows for both positive coupling and positive
uncoupling. When the switchable magnetic device is in an
“off” position, the second magnetic device attracts the
switchable magnetic device and coupling is achieved. When
the switchable magnetic device is in the “on” position, the
second magnetic device repels the switchable magnetic
device and a positive uncoupling can occur.

[0042] In all aspects of the present invention, the device
may further include a child-proof lock or child-proof catch
type arrangement in the actuation means such that some
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extra manipulation by a user is required before the magnets
can be rotated. For example, the actuation means may
comprise a knob that must be pushed down before rotational
force applied to the knob can be transferred to the mag-
net(s)). Other arrangements which will be readily apparent
to the person of skill in the art will also be readily apparent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] In order to more fully understand the present
invention, a preferred embodiment of the invention will now
be described with reference to the accompanying drawings,
in which:

[0044] FIG. 1 is a perspective view of an essentially
cylindrically-shaped magnet for use in the present invention;

[0045] FIG. 2 shows a device in accordance with the
present invention apart and in-line for assembly;

[0046] FIGS. 3 and 4 show schematic; cross-sectional
side views of the device in accordance with the present
invention to demonstrate the principle of the present inven-
tion;

[0047] FIG. 5 shows the relationship between the angle of
rotation and the external magnetic field in a device in
accordance with the present invention;

[0048] FIG. 6 shows an end view of a device in accor-
dance with the present invention, particularly showing one
potential suitable shape for the pole pieces.

[0049] FIG. 7 shows a plot of relative force against
angular displacement showing the internal forces acting on
the device as a function of angular displacement of the
magnets relative to each other in the absence of an external
magnetic circuit;

[0050] FIG. 8 is a similar plot to FIG. 7 but shown in the
presence of an external magnetic circuit;

[0051] FIG. 9 shows a plot of FIGS. 7 and 8 superim-
posed upon each other with an explanation as to the func-
tioning of the first aspect of the present invention;

[0052] FIG. 10 shows the forces required for an explana-
tion as to the functioning of the third and fourth aspects of
the present invention;

[0053] FIG. 11 is a top view, partly in cross-section of a
switchable magnetic device in accordance with the present
invention;

[0054] FIG.12 shows a top view of a switchable magnetic
device in accordance with the third and fourth aspects of the
present invention;

[0055] FIG. 13 shows a top view, in cross-section, of an
embodiment of the invention using a torque sensitive lever
as the actuation means;

[0056] FIG. 14 illustrates the forces involved in a fail-safe

arrangement embodying the present invention; and

[0057] FIG. 15 shows a top view, in cross section, of an
embodiment in accordance with the fifth aspect of the
invention; and

[0058] FIGS. 16 and 17 show schematic diagrams dem-
onstrating the principle of operation of coupling in accor-
dance with the sixth aspect of the present invention
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0059] The magnet 1 as shown in FIG. 1 may be described
as a cylindrically-shaped magnet. The magnet is diametri-
cally magnetised. By that, is meant that the notional division
between the north pole and the south pole of the magnet is
achieved by a vertical plane that passes along a diameter 2
of an upper face 3 of the disc magnet 1.

[0060] The disc magnet 1 shown in FIG. 1 is preferably a
rare-earth type magnet, for example, the magnet 1 may be a
neodymium-iron-boron magnet. The present invention also
contemplates the use of any other permanent magnet mate-
rial.

[0061] Turning to FIG. 2, the device includes a first
magnet 10 and a second magnet 11. Both magnets 10, 11 are
essentially disc shaped magnets and are similar to magnet 1
as shown in FIG. 1. Magnets 10, 11 are housed in a housing
that is made from pole pieces 12, 13. Pole pieces 12, 13 are
preferably made from a material that is ferromagnetic with
low magnetic reluctance. The pole pieces 12, 13 are
arranged such that they fixedly hold lower magnets 10 in a
fixed position. Upper magnet 11, however, is able to be
rotated within the housing formed by pole pieces 12, 13.

[0062] In order to facilitate rotation of upper magnet 11,
the magnet 11 is formed with notches or grooves 14, 15
along its vertical side walls. These notches or grooves 14, 15
receive the downwardly depending arms 16, 17 of bar 18.
Bar 18 is received inside a groove 19 formed on boss 20.
Boss 20 is connected to a short bar 21 that, in turn, is fixedly
connected to a handle or lever 22. By this means, rotation of
handle or lever 22 causes rotation of second magnet 11. It
will be appreciated that second magnet 11 rotates essentially
about its centre point.

[0063] The device further includes a top cover 23 that is
fixedly secured to the housing formed by pole pieces 12 and
13. Cover 23 seals the top of the housing formed by pole
pieces 12, 13. It will be noted that boss 20 extends through
an opening in top cover 23 and that sealing member 24
assists in forming a water tight and dust proof seal around
that opening.

[0064] 1In one embodiment of the device shown in FIG. 2,
the lower surface of lower magnet 10 formed part of the
lower surface of the device. In this embodiment, the lowest
surface of the lower magnet 10 is positioned such that it lies

essentially adjacent to the lower surfaces of respective pole
pieces 12, 13.

[0065] In another embodiment, the lower surface of the
device is provided by a lower cover (not shown).

[0066] In either embodiment, it is preferred that the device
is essentially sealed, such that it is substantially waterproof
and dustproof This enables the device to be used in harsh
environments, such as dusty environments, wet environ-
ments, or even fully submerged.

[0067] The principle of operation of the device in accor-
dance with the present invention is shown in FIGS. 3 and
4.1In FIGS. 3 and 4, first magnet 10 and second magnet 11
are mounted such that first magnet 10 is below second
magnet 11. The first and second magnets 10, 11 are mounted
such that they are in face to face juxtaposition. First magnet
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10 is fixedly mounted, whilst second magnet 11 is mounted
for rotation about axis of rotation 24.

[0068] In FIG. 3, the second magnet 11 has been posi-
tioned such that its north pole substantially overlies the
south pole of first magnet 10. Similarly, it follows that the
south pole of second magnet 11 substantially overlies the
north pole of first magnet 10. In this arrangement, the first
and second magnets act as an internal active magnetic shunt
and as a result the external magnetic field strength from the
device is quite low.

[0069] Rotating the upper magnet 11 180° about its axis of
rotation brings the magnets into the alignment as shown in
FIG. 4. In this alignment, the respective north and south
poles of the upper magnet 11 substantially overlie respective
north and south poles of lower magnet 10. In this alignment,
the external magnet field from the device is quite strong and
the device can be firmly attached to ferromagnetic surfaces.
The passive poles are important in assisting the magnetic
functionality shown in FIGS. 3 and 4.

[0070] FIG. 5 shows the analogue relationship between
the angle of rotation and the variation of the external
magnetic field. The exact characteristics of the curve depend
on the way the disc magnets are magnetised in their physical
shape as well as the shape of the poles (12, 13). Variation of
the ratio of the magnetic energy products of the magnetic
discs 10, 11 can achieve further modification of the curve in
FIG. 5 to suit particular applications.

[0071] Further increases in external magnetic field
strengths can be accomplished by shaping the wall thickness
of the pole pieces 12, 13 in such a way that they reflect the
variation of the magnetic field strength around the perimeter
of the permanently magnetised discs 10, 11.

[0072] FIG. 6 indicates the design of the pole pieces 12,
13 shaped in accordance with the variation of the field
strength H around the perimeter of the magnetic discs 10, 11
The application of the inverse square law of magnetic fields
achieves good results but specific materials and applications
they influence the optimal shape. In particular, the wall
thickness of the poles may be varied as follows:

[0073] (a) oval poles, where the wall thickness is a
mathematical function of the field strength of the
perimeter of the magnets;

[0074] (b) oval poles, where the wall thickness is a
mathematical function of the distribution of the
magnetic mass of magnets 10 and 11,

[0075] (c) round pole pieces, where the wall thick-
ness is constant and the magpetic field strength is
lower but uniform around the perimeter.

[0076] The shape of the outer casing of the housing shown
in FIG. 6, being an oval-shape, maximises the external field
strength and assists in holding the device in place in incom-
plete magnetic circuits. Incomplete magnetic circuits are
met in practice when there is an air gap between the bottom
of the device and the surface to which it is to be attached, or
were there is a non-magnetic material interposed between
the surface to which the device is designed to be attached
and the bottom of the device.

[0077] 1t is another feature of preferred embodiments of
the present invention that the poles are of the shortest

Jan. 20, 2005

possible length. The poles form part of the magnetic circuit
(along with the magnets) The poles have an inherent mag-
netic resistance (“reluctance”) which results in loss of mag-
netic energy. Thus, the present invention, in minimising the
length of the poles, minimises loss of magnetic energy and
hence maximises the external field strength.

[0078] Tt has also been found that the required torque to
shift the upper magnet 11 to the “on” position decreases
markedly with the increase of magnetic flux through the
external circuit. An added feature is therefore a torque
sensitive lever which will only allow the device to be
switched to the “on” position if an appropriate external
magnetic circuit is present.

[0079] The present invention utilises an “active” shunting
technique wherein the magnetic circuit is switched from a
strong external field to a weak external field by performing
a magnetic short circuit using the magnets themselves. The
passive poles can be reduced to a minimum of mass which,
in turn, is a prerequisite for retaining the highest possible
magnetic force. This should be contrasted with “passive”
shunting, as disclosed in the Yanagisawa reference cited
earlier, in which passive ferromagnetic external poles estab-
lish a magnetic short circuit between the poles of the
permanent magnet. A strong permanent magnet requires
relatively large amounts of passive material to perform this
shunting.

[0080] The present invention, in its preferred embodi-
ments, also has the advantage of having very low friction
between the magnets and around the magnets and between
the magnets and the poles. This is a result of the symmetrical
pull between the cylindrical magnets and the poles and the
walls of the housing, resulting in a zero net attraction.

[0081] The preferred embodiments of the present inven-
tion also make greater use of the area under the B-H curve.
The use of shorter pole lengths also reduces the reluctance
of the poles, thereby minimising magnetic losses through the
poles.

[0082] TItis a further advantage of preferred embodiments
of the present invention that the bulk of the field lines are
directed through the pole pieces to the workpiece or surface.

[0083] The switchable magnetic device of the present
invention provides a compact and rugged device capable of
many uses. The use of diametrically polarised, essentially
cylindrically shaped magnets allows the device to be com-
pact and it also enables the magnets to be rotated relative to
each other without the necessity of having larger void spaces
within the internal chamber for the magnets to be moved
into. The shape of the external pole pieces enables the
external magnetic fields to be maximised. The device is
simple to use and can provide a strong holding force to hold
objects firmly in place.

[0084] The second, third, fourth and fifth aspects of the
present invention have been developed following further
studies conducted by the present inventors on the switchable
magnetic device described in the first aspect of the present
invention. These studies have shown that the force required
to turn the switchable magnetic device from the “off” to the
“on” positions varies with the permeability of the external
magnetic circuit. In particular, the force required to switch
the device into the “on” position from the “off” positions
when there is no external magnetic circuit is much greater
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than the force required to switch the device into the on
position when an external magnetic circuit is present. An
external magnetic circuit may be present, for example, when
the device is placed in contact with or close proximity to an
external ferromagnetic material. FIG. 7 shows a graph of the
relative force required to turn the actuation means of the
switchable magnetic device described with reference to
FIG. 5 versus angular displacement. As can be seen from
FIG. 7, the force required to switch the device into the “on”
position (which is represented at an angular displacement of
180° in the graph of FIG. 7) is high if the external magnetic
permeability is low due to the high intrinsic magnetic field
strength of the device. Work has to be performed to over-
come the resistance produced by this intrinsic magnetic
field. Rotation of the magpets converts mechanical energy to
magnetic potential energy stored in a high flux density
repulsion field between the poles.

[0085] FIG. 8 shows the same graph as FIG. 7, but with
the switchable magnetic device being in the presence of a
low external magnetic reluctance path. This may be
achieved, for example, by placing the device in contact with,
or in close proximity to, an external ferromagnetic material,
such as occurs when the magnet is used to attach to an
external load. As can be seen from FIG. 8, although the
general shape of the graph is similar to that of FIG. 7, the
relative force required to move the magnets between the off
position and the on position is much lower than the force
required in FIG. 7. The force required to move the magnets
between the off and on positions in FIG. 8 is lower than that
in FIG. 7 because the external magnetic circuit results in the
magnetic flux finding an easier external path which diverts
some of the magnetic flux from between the repelling poles.

[0086] In both FIG. 7 and FIG. 8, an angular displace-
ment force tries to move the magnets towards 0° or 360° (ie
the fully off position) except at 180° (ie the fully on position)
at which clockwise and counter clockwise forces hold a
balance, albeit an unstable or quasi-stable equilibrium.

[0087] In the second aspect of the present invention,
which includes a biasing means operatively associated with
the actuation means to bias tie magnets away from the fully
off position, when the switchable magnetic device has no
external magnetic circuit, for example, where the device is
not in contact with, or in close proximity to, an external
ferromagnetic material, the force required to shift the device
from the off position to the on position is relatively high. The
biasing means applies a force to the actuation means but this
force is lower than the force required to move the actuation
means to the on position in the absence of the external
magnetic circuit. However, closing the external magnetic
circuit will reduce the force required to move the device into
the on position As a result, correct selection of the biasing
means will result in the force applied to the actuation means
by the biasing means being sufficiently large to move the
device to the on position. As a result, when the device in
accordance with the first aspect of the present invention is
placed in close proximity to or in contact with an external
ferromagnetic material, the device automatically switches to
the on position. Thus, the device of the second aspect of the
present invention may be said to have an automatic turn on
feature.

[0088] In the apparatus of the second aspect of the present
invention, the biasing means acts to hold the actuation

Jan. 20, 2005

means away from the fully off position. For example, the
biasing means may apply a force F as shown in FIG. 9,
which biases the actuation means away from the 0° or fully
off position, when there is no external magnetic circuit
present. In the example of in FIG. 9, the biasing force F
applied by the biasing means holds the actuation means at
about 30° from the fully off position when there is no
external magnetic circuit. When an external magnet circuit
is closed, force F is greater than the force F1 required to
move the magnets and hence the device automatically
moves to the on position. Put in slightly different terms, the
biasing means applies a rotational force F to the magnets. In
the absence of an external magnetic circuit, a maximum
force F2 is required to move the device to the “on” position.
As F is less than F2, the device does not move to the “on”
position in the absence of an external magnet circuit. How-
ever, once an external magnetic circuit is in place, the
maximum force that needs to be applied to move to the “on”
position reduces to F1. As the force F provided by the
biasing means is greater than F1, the device automatically
moves to the “on” position when an external magnetic
circuit is completed.

[0089] The embodiments in accordance with the third and
fourth aspects of the present invention, in which the magnets
are prevented from rotating to the fully on position, may be
described as including an “automatic off” feature in which
the device automatically turns off if it is removed from an
external magnetic circuit, for example, by removing it from
an external ferromagnetic material. This action may be
explained with reference to FIG. 10, which is a plot of
angular displacement against the relative force, together
with FIGS. 11 & 12. Plot A shows the force for the case
where there is no external magnetic circuit and Plot B shows
the force where there is an external magnetic circuit.

[0090] For the device to operate in the automatic reset
mode, it may utilize the internal friction of the device, or a
purpose built overridable retaining device may be used. The
reset feature is triggered when the external magnetic path is
interrupted.

[0091] FIG. 10 illustrates the applicable forces in an
embodiment of the automatic reset configuration relying on
the internal friction of the device. In this embodiment it is
assumed that the device is switched on to, say, 175°, (FIG.
12), ie, it is not in the 180° quasi-equilibrium position. Thus
there is a reverse magnetic force, W (FIG. 10), acting to turn
the magnetic switch off, assuming there is a low reluctance
external magnetic path in place and the Plot B represents the
repulsive magnetic force between the magnets in this con-
dition. The internal friction at 175° is shown at X. This
frictional force acts against the repulsive magnetic force W,
and because the frictional force is greater than W, the switch
remains in the 175° position as long as the low reluctance
path is in place. If the external low reluctance path is broken,
the repulsive force between the magnets is now shown by
Plot A. Thus the repulsive force now becomes Y, which is
greater than X. As a result, the movable magnet is driven
towards the off position until the repulsive magnetic force of
Plot A and the frictional force are in equilibrium at Z.

[0092] While the friction line is shown as a straight line,
the friction force may vary with rotation due to, eg, the effect
of the change in the magnetic interaction between the
magnets with position. Other factors besides friction (such
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as inertia of the magnet(s)) may also assist in retaining the
device in the on position when in the presence of an external
magnetic circuit.

[0093] Where a larger or more precise control of the reset
action is required, a trippable latching mechanism which
will yield under the Plot A magnetic repulsion, may be used.
One embodiment of such a latch is similar to a triangular
sectioned spring loaded door latch with a perpendicular
“leading” edge in the turn on direction, and a sloping trailing
edge. This can engage with a suitable recess at the desired
angle of rotation (eg, 175°) on the other part of the relatively
moving pair of magnets or their respective carriers. The
spring tension can be adjusted to control the automatic turn
off force while providing a more predictable latching force.

[0094] In another embodiment of the invention, the swit-
chable magnetic device incorporates the automatic on fea-
ture of the second aspect of the present invention and an
automatic off feature of one of the third or fourth aspects of
the present invention.

[0095] In preferred embodiments of all aspects of the
present invention, the first permanent magnet and the second
permanent magnet are essentially cylindrically shaped.

[0096] Preferably, the first and second magnets are sub-
stantially disc-shaped, Most preferably, the first and second
magnets are essentially cylindrical in shape and the height of
the cylinder is less than the diameter of the cylinder. It will
be appreciated that the first ad second magnets need not be
exactly cylindrical and that slight variations from a circular
cross-section also fall within the scope of the present inven-
tion. The height of the magnets may vary over a wide range,
and the ratio of diameter to height may also vary over a wide
range.

[0097] The first and second magnets maybe essentially
identical to each other.

[0098] Alternatively, the first and second magnets may
have different magnetic properties, The magnets may have
the same or different physical dimensions to each other.
Varying the magnetic properties or the physical dimensions
of the first and second magnets can be used in some
embodiments of the invention to vary magnetic switching
properties.

[0099] Inembodiments of the second aspect of the present
invention, the biasing means operatively associated with the
actuation means preferably comprises one or more springs.
Alternatively, the biasing means may comprise air pressure
means, pneumatic means, bimetallic spring or indeed any
other suitable means for applying a biasing force.

[0100] 1t is preferred that the biasing means applies a
biasing force such that the first and second magnets are
offset by about 10° to 60°, more preferably 20° to 40°, most
preferably about 30° from the fully off position.

[0101] In embodiments of the second or third aspects of
the present invention, the rotation limiting means may
comprise a stop means preventing rotation of the actuation
means to the fully on position. Alternatively, the rotation
limiting means may comprise stop means inter-engaging
with one or both of the first and second magnets for
preventing rotation of the first and/or second magnets into
the fully on position. In this embodiment, the stop means
may comprise a retractable engaging member that moves
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into a recess formed in a surface of one of the magnets when
the recess moves into alignment with the retractable member
as the magnet is rotated towards the on position. When the
magnet rotates back towards the off position, an inclined or
tapering surface may be provided in order to enable the
retractable member to be disengaged from the recess in the
magnet.

[0102] Turning 1o FIG. 11, which shows a switchable
magnetic device in accordance with the present invention,
the basic device of FIG. 11 is generally similar to that shown
in FIG. 2 and like features have been denoted by like
reference numerals. The device of FIG. 11 also includes a
biasing spring 30 in the form of a coil spring connected at
one end 31 to pole 13 and at its inner end to the shaft 21. Coil
spring 30 biases the shaft 21 such that the shaft 21 is held at
an angle al of about 30° from the fully off position. The
fully off position is denoted by reference numeral 32. It
should be noted that al is the angle at which the shaft is held
by the biasing spring 30 when there is not external magnetic
circuit associated with the device. A high reluctance external
magnetic circuit leads to a balance between the force pro-
vided by biasing spring 30, which tries to turn the device to
the on position and the resistance of the internal magnetic
field counteracting this force. This results in the device
adopting a stable stand-by state. Closing the external mag-
netic circuit with a sufficiently low reluctance path will
lower the internal magnetic field and the force provided by
the biasing spring will now be sufficient to switch the device
to the on position. If rotation of the lever 22 is permitted to
g0 beyond 180° to a stop member (not shown) at, say 185°,
the device will remain in the fully on position if the external
magnetic circuit is forcefully removed because the magnetic
field will now push the movable magnet against the stop.
This may be thought of as the equivalent of a magnetic
over-the-centre toggle.

[0103] As an alternative adaptation of the apparatus shown
in FIG. 11, the device may be provided with a stop member
33 located before 180°, say at 175°, which may be as simple
as a projection extending upwardly from the upper surface
of the device, which projecting engages with lever 22 as
lever 22 is turned towards the fully on position. Stop
member 33 prevents the lever 22 from rotating to the fully
on position. It is preferred that the lever 22 is allowed to
rotate close to but below 180°, which allows the device to
almost, but not quite, go into the fully on position. In this
case, the device will return automatically to the low external
field state if the external magnetic circuit is forcefully
removed. While the low reluctance external path is in place,
the internal friction may be sufficient to hold the magnet
switched on, as discussed with reference to FIG. 10.

[0104] The device shown in FIG. 11 includes embodi-
ments of the second aspect of the present invention and
embodiments of the third or fourth aspects of the present
invention. It will be appreciated that other embodiments of
the invention may provide the auto-on feature of the second
aspect of the present invention or the auto-off feature of the
third or fourth aspects of the present invention.

[0105] Insome cases, it may be desirable to ensure that the
reluctance of the external path is sufficiently low to reduce
the turn-on force below a predetermined threshold, indicat-
ing that a certain amount of flux has been diverted through
the external magnetic circuit. This arrangement is examined
with reference to FIGS. 13 & 14.
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[0106] In a first arrangement of the torque limited switch,
the turning mechanism, eg handle or lever, is connected to
the movable magnet through a torque sensing spring mecha-
nism as shown in FIG. 13. The relevant forces are shown in
FIG. 14. If the required force to overcome the repulsive
magnetic force exceeds the threshold shown in FIG. 14, eg
as shown at V on Plot C, this is an indication that insufficient
flux has been diverted to the external magnetic path or, in
other words, the reluctance of the external path is too high.
When the force applied to the handle exceeds the threshold,
the torque limiting device may act as a lost motion device
allowing the lever to continue turning but preventing trans-
fer of the rotation to the movable magnet.

[0107] The handle may comprise a torque sensitive lever
that does not allow a torque in excess of a predetermined
amount to be applied to the one magnet. In this regard, when
there is no external load applied to the device, it requires
more force to switch the device between active and inactive
states. Use of a torque sensitive lever as part of the actuation
means can result in it being impossible to switch the device
between the active and inactive states if no sufficient exter-
nal magnetic circuit is present. This feature may be utilized
as a fail-safe feature to prevent an attempt to connect to an
object where the magnetic coupling to the object is insuf-
ficient to safely lift the object.

[0108] FIG. 13 shows an embodiment of the invention
utilising a torque lever as the actuation means. In this case,
shaft 21 is surrounded by an inner ring 40 and an outer ring
41. Inner ring 40 contains a recess for receiving the pointed
end of a piston 42. Outer ring 41 includes a passageway
through which the piston 42 passes. Piston 42 is contained
within an outer casing 43. Piston 42 is spring loaded by
virtue of compression spring 44 which is positioned inside
casing 43 and extends between piston 42 and adjustable grub
screw 45. If an attempt is made to turn the lever 22 without
an external magnetic circuit being present, the resistance to
turning caused by the internal magnetic field of the device
results in the force applied to the lever 22 exceeding a
present value. This results in the tip of the piston 42 being
displaced from the recess in inner ring 40 and the lever then
slips together with the outer ring, thus disconnecting the
flow of force to the inner ring, which is fixed to the shaft.
The top magnet immediately returns to the off state. In this
way, a connection between an external magnetic circuit and
the controlled turning-on function of the device can be
realised.

[0109] In the embodiment shown in FIG. 15, which is one
embodiment of the fifth aspect of the present invention,
turning handle 22 is connected to the rotatable magnet via a
flexible link, such as a spring 50. Spring 50 is selected such
that it does not substantially deform if the turning handle 22
is rotated when the device is in the presence of an external
magnetic circuit, such as when the device is placed on a
ferromagnetic material. However, if the turning handle 22 is
operated in the absence of an external magnetic field, the
force required to rotate the magnet is much greater (see FIG.
7) and the spring 50 deforms. This results in the turning
handle rotation being taken up by the deformation in the
spring 50 and thus the magnet does not rotate. Eventually,
the turning handle may be rotated sufficiently far such that
the spring 50 is fully deformed (or compressed) and further
rotation of the turning handle 22 is translated into rotation of
the magnet.

Jan. 20, 2005

[0110] It will be appreciated that the force vs angular
displacement diagrams shown in FIGS. 7-10 and 14 have
been provided to illustrate the principles involved in the
present invention. However, it will also be appreciated that
the shape of the force vs angular displacement curves shown
in FIGS. 7-10 and 14 is not necessarily correct and the
actual shape of the curve may vary from that illustrated.

[0111] Referring now to FIGS. 16 and 17, which show a
coupling in accordance with the present invention, the
coupling 100 comprises a first switchable magnetic device
102 and a second switchable magnetic device 104. In FIG.
16, both switchable magnetic devices 102, 104 are in an
“on” position Moreover, it can be seen that devices 102, 104
are arranged such that when they are in the “on” position,
their respective north and south poles are in alignment. In
the configuration shown in FIG. 16, the two magnetic
devices 102, 104 repel each other.

[0112] In the configuration shown in FIG. 17, switchable
magnetic device 102 has been switched to the “off” position
so that it presents a relatively weak or insignificant external
magnetic field. As switchable magnetic device 102 includes
ferromagnetic material, it is attracted to second switchable
magnetic device 104, which is still in the “on” position.
Thus, the coupling 100 can actively couple. Switching the
switchable magnetic device 102 to the “on” position shown
in FIG. 16 will cause repulsion and the coupling will
actively uncouple.

[0113] The coupling shown in FIGS. 16 and 17 also
allows second switchable magnetic device 104 to be
switched to an “off” position. If switchable magnetic devices
102, 104 are both switched to an “off” position, the coupling
goes into a passive state in which neither attractions nor
repulsion occur. If such a passive state is not required, on of
the switchable magnetic devices 102, 104 maybe substituted
by a magnet, such as a permanent magnet.

[0114] The first and second magnetic devices should be
arranged such that they can move relatively towards and
away from each other to allow coupling and uncoupling
thereof In embodiments where the first and/or second mag-
netic devices are switchable magnetic devices, they are
preferably as described with reference to any of the first to
fifth aspects of the present invention.

[0115] Those skilled in the art will appreciate that the
present invention may be susceptible to variations and to
modifications other than those specifically described. It is to
be understood that the present invention encompasses all
such variations and modifications that fall within its spirit
and scope.

1. A switchable magnetic device, that utilizes active
shunting, comprising a housing having a low magnetic
reluctance path, a first permanent magnet, a second perma-
nent magnet, said first and second permanent magnets being
diametrically polarised, said first and second permanent
magnets being mounted within the housing such that the first
and second permanent magnets are rotatable relative to each
other, and actuation means for causing relative rotation of
the first and second permanent magnets, wherein said device
presents a relatively strong external magnetic field when
said first and second permanent magnets are positioned
relative to each other such that a north and south poles of the
first magnet are in substantial alignment with respective
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north and south poles of the second magnet, and the device
presents a relatively weak external magnetic field when the
first and second magnets are positioned relative to each other
such that the north pole of the first magnet is in substantial
alignment with the south pole of the second magnet and vice
versa.

2. A device as claimed in claim 1 wherein the first and
second magnets are substantially disc-shaped.

3. A device as claimed in claim 1 wherein the first and
second magnets are mounted in the housing such that a face
of the first magnet is opposed to the face of the second
magnet.

4. A device as claimed in claim 3 wherein one magnet is
positioned above the other magnet.

5. A device as claimed in claim 1 wherein one magnet is
fixedly mounted in the housing and the other magnet is able
to rotate within the housing.

6. A device as claimed in claim 5 wherein the other
magnet is rotated through 180° 1o vary the device from a
state having a relatively strong external magnetic field to a
state having a relatively weak external magnetic field.

7. A switchable magnetic device, that utilizes active
shunting, comprising a housing, a first permanent magnet, a
second permanent magnet, said first and second permanent
magnets being diametrically polarised, said first and second
permanent magnets being mounted within the housing such
that the first and second permanent magnets are rotatable
relative to each other, and actuation means for causing
relative rotation of the first and second permanent magnets,
wherein said device presents a relatively strong external
magnetic field when said first and second permanent mag-
nets are positioned relative to each other such that a north
and south poles of the first magpet are in substantial align-
ment with respective north and south poles of the second
magnet, and the device presents a relatively weak external
magnetic field when the first and second magnets are posi-
tioned relative to each other such that the north pole of the
first magnet is in substantial alignment with the south pole
of the second magnet and vice versa, wherein the housing
comprises two pole pieces.

8. A device as claimed in claim 7 wherein the housing is
made as a unitary construction or from a single piece of
material.

9. A device as claimed in claim 8 wherein two portions of
the housing have reduced cross sectional area such that the
housing acts as two passive poles.

10. A device as claimed in claim 8 wherein portions of the
housing are treated such that the portions become non-
magnetic to thereby result in the housing acting as two
passive poles.

11. A device as claimed in claim 7 wherein the housing
defines a chamber in which the first and second magnets are
mounted.
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12. A device as claimed in claim 11 wherein the chamber
has open ends.

13. A device as claimed in claim 12 wherein one or more
chambers closing means close one or more open ends of the
chamber.

14. A device as defined in claim 12 wherein a lowermost
of the first magnet and the second magnet closes a lower end
of the chamber.

15. A device as claimed in claim 11 wherein the chamber
has closed ends.

16. A device as claimed in claim 7 wherein the housing is
made from a material having a low magnetic reluctance.

17. A device as claimed in claim 16 wherein the housing
is made from soft steel, iron or a permalloy.

18. A device as claimed in claims 7 wherein the pole
pieces are shaped to maximize the external magnetic field.

19. A device as claimed in claim 18 wherein the poles are
of minimum length.

20. A device as claimed in claim 7 wherein the actuation
means comprises a handle or knob connected to one of the
magnets.

21. Adevice as claimed in claim 20 wherein the handle or
knob is connected to one of the magnets via one or more
intermediate members.

22. A device as claimed in claim 20 in which the handle
or knob is actuated manually, electrically, pneumatically,
hydraulically or by the action of expansion of a bimetallic
strip.

23. A device as claimed in claim 7 wherein the first and
second magnets comprise rare earth type magnets.

24. A switchable magnetic device, that utilizes active
shunting, comprising a housing, a first permanent magnet, a
second permanent magnet, said first and second permanent
magnets being essentially cylindrically shaped, said first and
second permanent magnets being diametrically polarised,
said first and second permanent magnets being mounted
within the housing such that the first and second permanent
magnets are rotatable relative to each other, and actuation
means for causing relative rotation of the first and second
permanent magnets, wherein said device presents a rela-
tively strong external magnetic field when said first and
second permanent magnets are positioned relative to each
other such that a north and south poles of the first magnet are
in substantial alignment with respective north and south
poles of the second magnet, and the device presents a
relatively weak external magnetic field when the first and
second magnets are positioned relative to each other such
that the north pole of the first magnet is in substantial
alignment with the south pole of the second magnet and vice
versa.
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