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Figure 1

(57) Abstract: A magnetic lock has a barrel and keyway, the barrel when rotated unlocking the lock. Locking element cavities each
contain a moveable locking element such as a ball, movable in response to a magnetic field applied by a magnetic key. A locking bar
is movable between a locked position and an unlocked position. The locking bar has coded projections which extend into the re-
spective locking element cavities when the locking bar moves from the locked position to the unlocked position. A code plate is
shaped in registration with the coded projections. When the locking bar is in the locked position the code plate and the coded projec -
tions form a substantially uninterrupted surtace. The locking elements prevent movement of the locking bar from the locked position
to the unlocked position except when magnetically moved to a coded position.
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A MAGNETIC LOCK MECHANISM

Cross-Reference to Related Applications

[0001]  This application claims the benefit of Australian Provisional Patent Application No.
2015901832 filed 20 May 2015, which is incorporated herein by reference.

Technical Field

[0002] The present invention relates to key operable lock mechanisms, and in particular
relates to a lock mechanism in which the key interacts magnetically with magnetic locking

elements.

Backeround of the Invention

[0003] Key operable locks are widely used to control latches or padlocks intended for use on
doors, windows, hatches and other movable members adapted to close an access opening. Key
operable locks comprise a keyway into which a key may be inserted, and a barrel which when
rotated effects unlocking of the lock to release a latch or bolt or the like. Rotation of the barrel is
possible only if the key, when inserted into the keyway, aligns with locking elements of the lock.
However, locks that rely on mechanical interaction between the key and the locking elements
can be physically felt or manipulated, so that by inserting a lock picking tool or such instruments

into the keyway the locking elements can be picked or decoded, compromising security.

[0004] Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a context for the
present invention. It is not to be taken as an admission that any or all of these matters form part
of the prior art base or were common general knowledge in the field relevant to the present

invention as it existed before the priority date of each claim of this application.

[0005] Throughout this specification the word "comprise", or variations such as "comprises"
or "comprising”, will be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other element, integer or step,

or group of elements, integers or steps.

[0006] In this specification, a statement that an element may be “at least one of” a list of
options is to be understood that the element may be any one of the listed options, or may be any

combination of two or more of the listed options.
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Summary of the Invention

[0007]  According to a first aspect the present invention provides a lock comprising:

a barrel defining a keyway, the barrel when rotated unlocking the lock;

a plurality of locking element cavities each containing a locking element which is free to
move within the respective locking element cavity, and each locking element being movable in
response to a respective local magnetic field applied by a magnetic key when positioned within
the keyway, whereby the locking element may take any one of a number of positions within the
respective locking element cavity and when in one position the locking element vacates other
possible positions;

a locking bar movable between a first locking bar position in which rotation of the barrel
is obstructed by the locking bar, and a second locking bar position in which the barrel is free to
rotate, the locking bar comprising coded projections which extend into the respective locking
element cavities when the locking bar moves from the first locking bar position to the second
locking bar position; and

a code plate shaped in registration with the coded projections of the locking bar such that
when the locking bar is in the first locking bar position the code plate and the coded projections
of the locking bar form a substantially uninterrupted surface;

wherein the locking elements prevent movement of the locking bar from the first locking
bar position to the second locking bar position except when each locking element has been

magnetically moved to a coded position within the respective locking element cavity.

[0008] According to a second aspect the present invention provides a method of operating a
lock, the method comprising:

inserting a magnetic key into a keyway defined by a barrel,

the key applying respective local magnetic fields to a plurality of respective locking
elements so as to move each locking element to a coded position within a respective locking
element cavity, whereby the locking element may take any one of a number of positions within
the respective locking element cavity and when in one position the locking element vacates other
possible positions; and

applying a rotational force to the key in order to apply a radial force to a locking bar, to
move the locking bar from a first locking bar position in which rotation of the barrel is
obstructed by the locking bar and in which a code plate shaped in registration with the coded
projections of the locking bar and the coded projections of the locking bar form a substantially

uninterrupted surface, to a second locking bar position in which the barrel is free to rotate,
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whereby in the second locking bar position coded projections of the locking bar extend into the

respective locking element cavities.

[0009]  According to a third aspect the present invention provides a non-transitory computer
readable medium for producing a lock, comprising instructions making up a digital blueprint file
which, when executed by one or more processors, causes performance of the following:

three-dimensional printing of a barrel defining a keyway, the barrel when rotated
unlocking the lock;

three-dimensional printing of a plurality of locking element cavities each configured to
contain a locking element which is free to move within the respective locking element cavity,
and each locking element being movable in response to a respective local magnetic field applied
by a magnetic key when positioned within the keyway, whereby the locking element may take
any one of a number of positions within the respective locking element cavity and when in one
position the locking element vacates other possible positions;

three-dimensional printing of a locking bar movable between a first locking bar position
in which rotation of the barrel is obstructed by the locking bar, and a second locking bar position
in which the barrel is free to rotate, the locking bar comprising coded projections which extend
into the respective locking element cavities when the locking bar moves from the first locking
bar position to the second locking bar position; and

three-dimensional printing of a code plate shaped in registration with the coded
projections of the locking bar such that when the locking bar is in the first locking bar position
the code plate and the coded projections of the locking bar form a substantially uninterrupted
surface;

wherein the locking elements prevent movement of the locking bar from the first locking
bar position to the second locking bar position except when each locking element has been

magnetically moved to a coded position within the respective locking element cavity.

[0010]  According to a fourth aspect the present invention provides a magnetic key for
unlocking a magnetic lock, the magnetic key comprising a plurality of magnets for producing
respective local magnetic fields, the magnets positioned upon the key in a manner that when the
key is positioned in the keyway of a magnetic lock the magnets urge magnetic locking elements
of the lock to coded positions, whereby the locking element may take any one of a number of

coded positions within the respective locking element cavity and when in one position the
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locking element vacates all other possible positions, and whereby the locking elements permit

movement of a locking bar to an unlocked position only when in the respective coded positions.

[0011] In some embodiments each locking element may comprise a magnetic ball, magnetic

disc, magnetic hexagonal tile, or the like.

[0012] In some embodiments, a plurality of locking bars may be provided circumferentially
about an axis of the barrel, whereby all locking elements must be unlocked and moved radially
inward in order to unlock the lock, thereby increasing a number of lock and key combinations

which may be effected and thus increasing security of the lock.

[0013]  In some embodiments of the invention, rotation of the barrel may be obstructed by the
locking bar while in the first locking bar position by a protrusion of the locking bar engaging in a
respective recess positioned in a lock element radially outwards of the locking bar, whereby
radially inward movement of the locking bar permits disengagement of the protrusion from the
recess. In such embodiments, a radially inward force may be generated upon the locking bar by
providing an angled face upon the locking bar protrusion, configured to produce a radial force

from a rotational force.

[0014]  The locking element cavities may in some embodiments comprise a substantially
triangular shape, defining three or six possible coded positions of the locking element.
Additionally or alternatively, some or all of the locking element cavities may take any other
suitable shape such as a substantially square, hexagonal or circular shape, defining any suitable

number of possible coded positions of the locking element.

[0015]  In preferred embodiments of the invention, a code plate is provided between the
locking bar and the barrel, the code plate comprising cavities for the locking bar projections to
pass through, the cavities of the code plate are preferably matched to the shape of the locking bar
projections so that in the first locking bar position the code plate and the radially inner surface of
the locking plate projections together present a substantially uninterrupted surface, such as a
planar surface, to the locking elements. Such embodiments may assist in minimising the
possibility of the lock being picked or decoded by picking tools or such instruments which may
be exacerbated if discernible discontinuities arise in the surface presented by the code plate and

the radially inner surface of the locking bar projections. Providing the code plate thus ensures
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that the balls do not naturally, or unnaturally, settle into the coded position either through

vibration or manipulation.

[0016] The code plate provided as a part of the present invention may be particularly useful
for utilisation in a magnetic lock, which may otherwise utilise movable members to limit entry of
the locking elements into the cavities of the locking projections except when each locking
element has been moved, magnetically or otherwise, to a coded position within the respective
locking element cavity, and which is further appropriate for use in cylinder locks due to size
constraints, manufacturing/assembly complexity and potential failure of moving parts in past

designs.

[0017]  In some embodiments the locking bar projections are preferably shaped so as to align
with and substantially completely occupy the locking element cavities when in the second
locking bar position, except in respect of the coded position within each locking element cavity

which is never occupied by the locking bar projections.

[0018]  In preferred embodiments of the invention the magnets provided in the magnetic key
possess the minimum magnetic fields required to ensure the respective locking elements are able
to take any of the coded positions within the respective locking element cavity, the magnetic
field strength being controlled by, or by a combination of, factors such as magnet length, radius,
material or grade, and being constructed of a magnetic material with a high maximum operating
temperature, high coercivity and low susceptibility to corrosion, such as samarium cobalt. Such
embodiments recognise that the cavities may be oriented such that in order take a coded position
the magnets may be required to attract the locking elements upwards, against gravity, from the

lowest to the highest part of such cavities.

[0019]  In preferred embodiments of the invention there are five locking element cavities
provided in respect of each of two locking bars located on either side of the barrel defining the
keyway, with each cavity comprising six coded positions for the respective locking element.
Such embodiments permit approximately sixty million permutations. Additionally or
alternatively, the locking element cavities may be provided in any orientation or arrangement on
the barrel including being slightly offset in position, hence increasing the number of possible key

combinations within the space provided by the barrel.
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[0020] In some embodiments of the invention the number of possible coded positions within a
single locking element cavity may be increased, for example from a substantially triangular
shaped cavity with a three positions-per-side having six coded positions, to five positions-per-
side permitting twelve or fifteen coded positions per cavity, depending on the arrangement. In
such embodiments the adoption of a finer position resolution could be assisted by the inclusion
of dimple-like structures on the locking bar projection to ensure the locking elements are

maintained in their coded position.

[0021] In some embodiments master keying may be effected by providing more than one ball

pocket in each locking bar coded projection.

[0022]  In some embodiments the key may be provided in two pieces, with magnets located on
the inside, to be subsequently joined in order to conceal the location of magnets. In this manner

such embodiments may utilise a coating to conceal the location of the magnets.

[0023] In some embodiments the or each locking bar may be produced in more than one piece
and/or composed of more than one material. The coded projections may in some embodiments
be composed of polyoxymethylene, or similar material, to frustrate radiographic decoding

attacks.

Brief Description of the Drawings

[0024]  An example of the invention will now be described with reference to the
accompanying drawings, in which:

Figure 1 schematically depicts a magnetic cylinder lock in accordance with one
embodiment of the invention;

Figure 2 is an enlarged view of a portion of Figure 1;

Figure 3 is an exploded view of the locking bar, keeper plate and code plate in the
embodiment of Figures 1 and 2;

Figure 4 illustrates interaction of a key with the lock of Figures 1-3;

Figure 5 is a perspective view of a key in accordance with one embodiment of the invention;

Figure 6 is an exploded view of the lock barrel, casing, end plug and end cap in accordance
with the embodiment of Figures 1-5;

Figure 7 is a perspective view of the assembled lock of Figures 1 to 6;

Figure 8 is a perspective view which depicts a rear projection of the casing in accordance

with another embodiment of the invention;
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Figure 9 illustrates an arrangement of locking element cavities in accordance with one
embodiment of the invention, comprising four cavities each having six coded positions;

Figure 10 illustrates an arrangement of locking element cavities in accordance with another
embodiment of the invention, comprising five cavities each having six coded positions;

Figure 11 illustrates an arrangement of locking element cavities in accordance with yet
another embodiment of the invention, comprising five cavities each having six coded positions;

Figure 12 illustrates an arrangement of locking element cavities in accordance with still
another embodiment of the invention, comprising four cavities each having seven coded positions;
and

Figure 13 illustrates an arrangement of locking element cavities in accordance with a

further embodiment of the invention, comprising four cavities each having seven coded positions.

Description of the Preferred Embodiments

[0025] In Figure 1, in accordance with one embodiment of the present invention, there is
schematically depicted a magnetic cylinder lock 1 which may comprise a casing 2 adapted to
house a series of magnetically susceptible steel balls 3 and locking bars 4. The magnetic lock 1

also comprises a barrel 5, code plate 6, end plug 7 and a latch 8.

[0026]  As shown in Figure 2, an enlarged view of a portion of Figure 1, the barrel 5
comprises a generally cylindrical front projection 9 and body 10, the front projection 9 being of a
smaller diameter than the body 10. The front of the lock refers herein to the face presented to
receive a key when the lock is installed in a door or the like. Formed in and defined by the barrel
5 is a keyway 11 that extends longitudinally inwards from the front projection 9 to the rear end
face 12 (shown in Figure 6). The keyway 11 has a configuration adapted to receive a key of the
type shown in Figure 5, however, it may include features that limit entry to keys which are
shaped properly, or which incorporate features corresponding to the keyway’s features. By
providing a keyway 11 that requires adherence to a unique geometry the variety of key
configurations available is expanded, however in the context of the present invention this is also

important in ensuring that only a correctly orientated key can be inserted.

[0027] Extending inwardly from the outer cylindrical periphery of the body 10 are two
longitudinally extending recesses 13 which are adapted to receive locking bars 4 which have
coded projections 14. The locking bars 4 are biased to a radially outer position by means of

springs 15, being in a radial direction relative to the cylindrical nature of barrel 5. The locking



WO 2016/183640 PCT/AU2016/050391
8

bars 4 are slidably received within the recesses 13 so as to be movable from a radially inner
position allowing rotation of the barrel 5 to a radially outer position engaged within grooves 16
formed on the internal surfaces of the casing 2, as shown in Figure 6. When the locking bar 4 is
in this radially outward position the barrel 5 is prevented from rotating by the locking bars 4

being engaged within the grooves 16.

[0028]  Each of the longitudinally extending recesses 13 is provided with a number of cavities
17 associated with magnetically susceptible steel balls 3, the number of cavities varying
depending on the desired security level of the magnetic lock. It is to be appreciated that whilst
the cavity 17 shown in Figure 2 is preferably triangular it is not limited as such to any particular
geometric shape. The balls 3 are maintained in the cavities 17 by a code plate 6 that is
dimensioned to receive the coded projections 14, such that when the locking bar 4 is in a radially
outer position the code plate 6 and coded projections 14 form a substantially planar uninterrupted
surface. This arrangement is an important feature of the present embodiment as it enables the
balls 3 to freely locate to any position within the cavity 17 whilst negating accidental, or
deliberate, manipulation of the balls into the coded projections’ 14 ball pockets 18, 19 as

discussed in the following.

[0029]  As shown in Figure 3 the code plate 6 includes a number of corner 20 and side 21
encoded triangular passages, sized and shaped in registration with the coded projections 14
extending from the locking bar 4. The matching shape of the coded projections 14 and the coded
passages 20, 21 in the code plate 6 permits the coded projections 14 to enter the cavities 17 upon
assembly of the magnetic lock. The code plate 6 is also provided with spring passages 22 which
correspond to circular spring extensions 23 on the locking bar 4, the extensions 23 being of a
smaller diameter than the passages 22. The code plate 6 is held within the recess 13 of the barrel
5 by means of a plate keeper 24 which is constrained between the code plate 6 and the curved
internal surface of the case 2. The keeper plate 24 is internally sized and shaped in registration
with the outline of the locking bar 4, and as such, does not impede radial movement of the

locking bar 4.

[0030]  As shown in Figure 4, upon a key 25 of correct configuration being inserted in the
keyway 11, each of the balls 3 is magnetically urged to a respective position which is precisely
located behind the code plates 6 such that the coded projections 14 are receivable within the

triangular ball cavities 17, thereby allowing the locking bars 4 to move to a radially inner
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position. Only when the locking bars 4 are moved radially inward may the barrel 5 be rotated, to
unlock the lock. This is accomplished by the coded projections 14 having both corner 18 and
side 19 ball pockets. If the balls 3 are not all correctly located, then at least one of the coded
projections 14 will be obstructed from moving into the respective cavity 17 when it abuts against
the misaligned ball 3, ensuring that the locking bar 4 is prevented from moving radially inwards

and thus retaining the barrel 5 in a locked position.

[0031]  As can be seen in Figure 2 the locking bars 4 are provided with angled surfaces 26
which, in response to a rotational force applied by the user trying to turn the key 25, ride against
corresponding angled surfaces of the groove 16 to produce a radially inward force on the locking
bar 4. When all the balls 3 are correctly positioned the locking bar 4 is free to move radially
inwards under this force and, once the locking bar is clear of groove 16 the barrel 5 is free to turn
to an unlocked position. However when the balls 3 are not all correctly positioned, the angled
surfaces 26 of the locking bar 4 cannot exit the groove 16 and the barrel 5 is thus prevented from

rotating to an unlocked position and therefore remains locked.

[0032] The key 25 is composed of a key blade 27 as depicted in Figure 5. The blade 27
contains cavities 28 which are adapted to receive disc shaped magnets 29, being axially
magnetized so that an axis of magnetism of each disc extends laterally relative to keyway 11
when the key is inserted. The blade 27 also possesses a leading portion 30 which, in conjunction
with the end plug 7, ensures the magnets 29 arrive at a precise location adjacent to the cavities 17
in the extending recesses 13 of the barrel 5. The magnets 29 are generally of a larger diameter
than the balls 3, which they attract in axial alignment. Also formed in the key 25 is a notch 31
which during the operation of the lock is designed to engage the rim 32 of the casing 2 (as shown
in Figure 7) to retain the key in the keyway 11, thus providing key retention until the key is

rotated back to the original insertion orientation.

[0033]  Figure 6 shows that the end plug 7 comprises both a generally disk-shaped head
portion 33 and a generally cylindrical threaded portion 34, the threaded portion being of a
smaller diameter than the head portion. The head portion 33 includes a pair of opposite flat
sections 35 shaped in registration with the recess 36 in the rear end face 12 of the barrel 5, which

ensures that the end plug 7 will rotate together with the barrel 5.

[0034]  The threaded portion 34 of the end plug 7 extends rearwardly from the head portion 33

and is coaxial therewith. The generally cylindrical threaded portion 34 also includes a pair of
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opposite flat sections 37 which separate the threads 38, such that the end plug 7 has the general

appearance of a bolt. Of course there are many other suitable configurations.

[0035] Inthe assembled condition the threaded portion 34 of the end plug 7 is slid through the
end cap 39 shown in Figure 6. The end cap 39 includes an outer threaded surface 40 formed to
fit within the inside diameter of the casing 2 and an internal flange 41, sized in registration with
the generally cylindrical threaded portion 34 of the end plug 7. Once so positioned, the end cap
39 is threaded on the threaded portion 42 of the case 2, such that the end cap 39 retains the barrel
5 within the casing 2 while permitting the end plug 7 to rotate unimpeded with rotation of the

barrel 5.

[0036]  Finally, the combination of the flat sections 37 and threads 38 of the end plug 7 are
adapted to be inserted into an aperture 43 provided in the latch 8 upon assembly of the magnetic
lock 1 as shown in Figure 1. The latch aperture 43 is shaped such that it includes flat sections
corresponding to the flat sections 37 of the end plug 7. In this regard, once the threaded portions
34 of the end plug 7 are inserted through the aperture 43 of the latch 8, the latch will rotate
together with rotation of the end plug 7. In order to prevent unscrewing of the end cap 39 the flat
sections 37 of the end plug 7 are located at a distance from the head portion 33 such that the
latch 8 does not directly abut the end cap 39. Additionally, the end cap 39 may be secured to the
casing 2 via adhesion, screws or any other suitable fixing mechanism. A nut 44 is provided to
hold the latch 8 to the end plug 7, the nut being threaded onto the threads 38 provided on the end
plug 7.

[0037]  Figure 7 depicts the magnetic lock 1 in the assembled condition. It can be seen that
the rim 32 of the casing 2 is adapted to receive the front projection 9 of the barrel 5 to form the
front face 45. It will be appreciated that the front face 45 is the portion of the magnetic lock 1
which is visible to the user upon installation of the magnetic lock in the final device, such as a
door or padlock. As such, the front projection 9 of the barrel assists the user to locate the key 25

in its operative position.

[0038]  Figure 8 illustrates another embodiment of the invention comprising a magnetic lock 1
and key 25 of a similar configuration to that previously described. In the embodiment of Figure
8 the lock 1 is shown with the nut 44 and latch 8 removed and it can be seen that the casing 2
may be formed to include a rear projection 46. The rear projection 46 is configured to interact

with a generally circular disc 47 slid onto the end plug 7 between the end cap 39 and latch 8.
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The disc 47 is configured such that it limits rotation of barrel 5, with rotation of the key 25, to an

angle prescribed by the gated portion 48 of the disc 47.

[0039]  Figure 9 illustrates another embodiment of the invention in which the ball cavities 17
are provided in another arrangement within the recess 13 of the cylinder 5. In Figures 9-13 the
ball diameter is 1.45 mm while the key magnet diameter is 3 mm. Providing four cavities in
Figure 9, each with six nominal ball positions, permits approximately 1.7 million permutations.
It should also be recognised that the distance between cavities 17 is an important feature that
ensures the locking elements, or balls 3, are attracted to the correct key magnets 29. Figure 9
shows two arrangements of ball cavities 17 and illustrates that the distance between a key
magnet 29 and ball 3 for a particular cavity 17 should always be less than distance between that
ball 3 and the closest key magnet 29 associated with an adjacent cavity, or it may not locate to
the desired coded position. Figure 9 also shows that the blade of the key needs to be at least
8.35mm by 23.29 mm in this embodiment, although other embodiments may produce other

dimensioning.

[0040]  Figure 10 illustrates another embodiment of the invention comprising five cavities 17.
Providing five cavities, each with six nominal ball positions, permits approximately 60.4 million
permutations. Figure 10 shows that the key blade must be at least 8.35 mm by 28.46 mm.
Figure 11 illustrates a similar embodiment to Figure 10, in which the cavities are arranged in a

more longitudinal fashion, and in this embodiment the key blade can be 6.10 mm by 32.80 mm.

[0041]  Figures 12 and 13 illustrate respective embodiments comprising four circular or
hexagonal cavities 17, each comprising seven nominal ball positions. Such embodiments permit
approximately five million permutations. Throughout Figures 9-13, the diagrams show the
magnet separation distances when adjacent key magnets (large circles), A, are at their closest to
the balls (small circles), B, of a given cavity where the key magnet, C, for that cavity is at the
furthest point. It illustrates that the distance BC needs to be less than AB otherwise A will

interfere and/or take preference.

[0042] Embodiments of the invention may thus provide a lock which can be rotated about any
plane or axis, and the balls will not be mislocated within the chamber. Such utility is useful for

moveable objects incorporating the lock, such as padlocks.
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[0043] Some embodiments of the present invention may thus provide a key operable lock
mechanism which is highly resistant to manipulation and mechanical malfunction, and may
provide such characteristics in a relatively small lock mechanism, such as a camlock, allowing

for incorporation into a large range of cylinder formats.

[0044]  These and/or other embodiments of the invention may provide a lock mechanism that,
in addition to the abovementioned characteristics, is capable of, being manufactured in a simple
and economical manner, and functioning in any plane of operation, such as in a padlock or other

moveable object.

[0045]  Although the nominal ball positions are shown in Figures 9-13 as being non-
overlapping, it is to be noted that alternative embodiments may distinguish one key and lock
from another by use of nominal ball positions which are overlapping. Such embodiments may
improve the number of lock combinations and/or reduce the required size of the ball cavity,
albeit while requiring improved manufacturing and or positioning tolerances to ensure proper

registration of the balls with the locking projections.

[0046] Some embodiments of the invention may utilise 3D printing for construction of one or
more portions of the device. Accordingly, in some embodiments the present invention may
reside in a digital blueprint comprising a digital file in a format configured for use with rapid
prototyping and computer aided design (CAD) and/or manufacturing, such as being in the STL
(stereolithography) file format. Such digital blueprint files, whether produced by performing a
three dimensional scan of an embodiment of the invention, or produced by a CAD development

software tool, or the like, are within the scope of the present invention.

[0047] It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. For example, the
following variations or alterations may arise in other embodiments within the scope of the

present invention.

[0048] In some embodiments master keying may be effected by providing more than one ball

pocket 18, 19 in each locking bar coded projection 14.
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[0049] In some embodiments the end plug 7 can be affixed in the recess 36 in the rear end
face 12 of the barrel 5 by welding or other fixation mechanism, or produced in one piece with the

barrel 5.

[0050] The key 25 may be provided in two pieces, with magnets 29 located on the inside, to
be subsequently joined in order to conceal the location of magnets 29. In this manner the current

embodiment may utilise a coating to conceal the location of the magnets 29.

[0051] The ball cavities 17 may be provided in any arrangement within the recess 13,
including slightly offset positions, although the described embodiment provides a very large
number of key combinations within the space provided by conventional lock barrel dimensions.

Moreover, the ball cavities 17 may be formed in any suitable shape or combination of shapes.

[0052] In other embodiments any suitable number of locking bars 4 may be provided, each
travelling radially inwards to effect unlocking. The or each locking bar 4 may in some
embodiments be oriented in any suitable manner relative to the radius and circumference of the

barrel 5.

[0053] Thelatch 8 and end plug 7 could be configured to trigger any type of locking

arrangement such as deadlocks, etc.

[0054] In some embodiments the barrel 5 may be retained within the casing 2 without the use
of an end cap 39 through a retaining ring which is sprung, or slid, into a groove machined into

the rear of the casing 2 and/or barrel 5.

[0055] In some embodiments the casing 2 may be formed such that the barrel 5 may be
loaded from the front and key retention engaged through a spring loaded ball bearing, or any

other suitable mechanism.

[0056]  The locking bar 4 may be produced in more than one piece and composed of more
than one material; the coded projections 14 for example may be composed of polyoxymethylene,

or similar material, to frustrate radiographic decoding attacks.

[0057] The present embodiments are, therefore, to be considered in all respects as illustrative

and not limiting or restrictive.
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[0058] It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present

embodiments are, therefore, to be considered in all respects as illustrative and not restrictive.
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CLAIMS:
1. A lock, comprising:

a barrel defining a keyway, the barrel when rotated unlocking the lock;

a plurality of locking element cavities each containing a locking element which is free to
move within the respective locking element cavity, and each locking element being movable in
response to a respective local magnetic field applied by a magnetic key when positioned within
the keyway, whereby the locking element may take any one of a number of positions within the
respective locking element cavity and when in one position the locking element vacates other
possible positions;

a locking bar movable between a first locking bar position in which rotation of the barrel
is obstructed by the locking bar, and a second locking bar position in which the barrel is free to
rotate, the locking bar comprising coded projections which extend into the respective locking
element cavities when the locking bar moves from the first locking bar position to the second
locking bar position; and

a code plate shaped in registration with the coded projections of the locking bar such that
when the locking bar is in the first locking bar position the code plate and the coded projections
of the locking bar form a substantially uninterrupted surface;

wherein the locking elements prevent movement of the locking bar from the first locking
bar position to the second locking bar position except when each locking element has been

magnetically moved to a coded position within the respective locking element cavity.

2. The lock of claim 1 wherein each locking element comprises a magnetically susceptible
ball.
3. The lock of claim 1 or claim 2 wherein a plurality of locking bars are provided

circumferentially about an axis of the barrel, and whereby all locking elements must be unlocked
and moved radially inward in order to unlock the lock.

4. The lock of any one of claims 1 to 3 wherein rotation of the barrel is obstructed by the
locking bar while in the first locking bar position by a protrusion of the locking bar engaging in a
respective recess positioned in a lock element radially outwards of the locking bar, whereby
radially inward movement of the locking bar permits disengagement of the protrusion from the
recess.

5. The lock of claim 4 wherein a radially inward force is generated upon the locking bar
by providing an angled surface upon the locking bar protrusion, configured to produce a radial

force from a rotational force.
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6. The lock of any one of claims 1 to 5 wherein the locking element cavities comprise a
substantially triangular shape defining six possible coded positions of the locking element.

7. The lock of any one of claims 1 to 6 wherein the locking bar projections are shaped so
as to align with and substantially completely occupy the locking element cavities when in the
second locking bar position, except in respect of the coded position within each locking element
cavity which is never occupied by the locking bar projections.

8. The lock of any one of claims 1 to 7 wherein master keying is effected by providing
more than one ball pocket in each locking bar coded projection.

0. The lock of any one of claims 1 to 8 wherein the or each locking bar is produced in
more than one piece.

10. The lock of any one of claims 1 to 9 wherein the or each locking bar is composed of
more than one material.

11. The lock of any one of claims 1 to 10 wherein the coded projections are composed of a

material selected to frustrate radiographic decoding attacks.

12. The lock of claim 11 wherein the coded projections are composed of
polyoxymethylene.
13. A method of operating a lock, the method comprising:

inserting a magnetic key into a keyway defined by a barrel,

the key applying respective local magnetic fields to a plurality of respective locking
elements so as to move each locking element to a coded position within a respective locking
element cavity, whereby the locking element may take any one of a number of positions within
the respective locking element cavity and when in one position the locking element vacates other
possible positions;

applying a rotational force to the key in order to apply a radial force to a locking bar, to
move the locking bar from a first locking bar position in which rotation of the barrel is
obstructed by the locking bar and in which a code plate shaped in registration with the coded
projections of the locking bar and the coded projections of the locking bar form a substantially
uninterrupted surface, to a second locking bar position in which the barrel is free to rotate,
whereby in the second locking bar position coded projections of the locking bar extend into the
respective locking element cavities.
14. A non-transitory computer readable medium for producing a lock, comprising instructions
making up a digital blueprint file which, when executed by one or more processors, causes

performance of the following:
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three-dimensional printing of a barrel defining a keyway, the barrel when rotated
unlocking the lock;

three-dimensional printing of a plurality of locking element cavities each configured to
contain a locking element which is free to move within the respective locking element cavity,
and each locking element being movable in response to a respective local magnetic field applied
by a magnetic key when positioned within the keyway, whereby the locking element may take
any one of a number of positions within the respective locking element cavity and when in one
position the locking element vacates other possible positions;

three-dimensional printing of a locking bar movable between a first locking bar position
in which rotation of the barrel is obstructed by the locking bar, and a second locking bar position
in which the barrel is free to rotate, the locking bar comprising coded projections which extend
into the respective locking element cavities when the locking bar moves from the first locking
bar position to the second locking bar position; and

three-dimensional printing of a code plate shaped in registration with the coded
projections of the locking bar such that when the locking bar is in the first locking bar position
the code plate and the coded projections of the locking bar form a substantially uninterrupted
surface;

wherein the locking elements prevent movement of the locking bar from the first locking
bar position to the second locking bar position except when each locking element has been
magnetically moved to a coded position within the respective locking element cavity.
15. A magnetic key for unlocking a magnetic lock, the magnetic key comprising a plurality of
magnets for producing respective local magnetic fields, the magnets positioned upon the key in a
manner that when the key is positioned in the keyway of a magnetic lock the magnets urge
magnetic locking elements of the lock to coded positions, whereby the locking element may take
any one of a number of coded positions within the respective locking element cavity and when in
one position the locking element vacates all other possible positions, and whereby the locking
elements permit movement of a locking bar to an unlocked position only when in the respective
coded positions.
16. The magnetic key of claim 15 wherein the key comprises two pieces with magnets
located on the inside and joined so as to conceal the location of magnets.
17. The magnetic key of claim 15 or claim 16 further comprising a coating configured to

conceal the location of the magnets.
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Figure 3



Figure S
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