WO 03/ 019583 SW TCI | ABLE MAGNETI C DEVICE Field of the. inventi 0232@' ‘2076@6

PCT/ AU02/ Q3 eferdks present invention relates to a sw tchabyeNBedR4C
device. Additional aspects of the present invention farther relate to

various devices including a switchable nagnetic 5 device. Background of
the invention In our co-pending international patent application no.
PCT/ AUOQO' 01505 and our co-pending United States patent application no.

09/ 951905 (the entire cont [ herei n incorporated
by cross reference) a sw t%@%%@@aﬁr@ﬁéﬁ% device is described.
Thi s device includes a housing and first and second permanent magnets

nmount ed i n t Hdeldgddhevention s ' st and second pernmanent magnets are nounted

in the housing such that they are able to be relatjvely, ratated. This is
pref erably acHiequestnbinveniins R‘%ﬂt‘%ﬁﬁ@ $Witehableagagnetic deyich M‘%‘“ﬂ?@gﬁf‘m"g‘n and

t he second, magnet, .bei I : . i{%%l(ﬁ{l QUWkvieRaHle RRbAdtic

i nt er nat9 %P%Bg{téﬁ\%ngg%%%?%%@ﬁ%lvg%q];ﬂ%ovgl%}é 05, %he 15 first ggﬁd second
magngt s gemirebe positioned such that a north and south pole of the first
magnet are in substantial alignnent with respect of north and south pol es

of the secondgudiepifild of\fie nvclifiofagnets are in this orientation, the device
presents a strong external nmagnetic field. The magnets can al so be rotated

relative to ! Ghtchibnalutét@ rabplicapioh en) PCINEUO0/0$305maghetr i S
substantiall?iccjr%rg%)ir}gégdrr%t W th threﬁsout EB ol e of the second 20 g&ﬁq et and

the soutdo-peniingdPnitddeSties patentgpmication BuRYIMI08I(the enhiraronfente A the

north pole of the second magnet. |n thi.s or [ ' sents
a rel at i&Fe[SP 12%3’@& é‘}cﬁﬂ?or%ﬁ(gﬁ?gtﬁr?:ssﬁe fir%‘?"ejr%erg‘“ﬁ%’%@? 5}6 %ﬁaé&%%rgd%gﬁ{cﬁy t he
act Ut | Qv {IR2RSdesSHPEIRDhi®detibe ihdlu@R! 4 Gdubinpess Bxgprandsieyorst pemuhnent
otherw se, wherein in the specification and clains the 25 %S_rgas% .

" swi t chahhgnetsemgowtted inthe howsing. Tha Jiet angsepmdsamang mpepels girdeP el « o
refer to,a, device,ingludi AN end b

per maneri® HEEHRS §u¢ﬁﬁ&ftﬁ%%}gaa§% th 9 %&81%54}%2? %gg?ﬁ%g%%%ﬁa%%?% rot at abl e
rel ati vepgyphotaifelofothb Siagheds iixed iftd position astlidhe second wingrht bdieg nigiablesmr e

i el d. bl dsvics i ouscarRonFmE I SEHHORE FHGHCABIGRIORLFY BB A IR e
devige 20 DIPSDLS nfhghbl Ahh Y& posifbAQIGuch hEY £ Abrt A RbAE Foiebeithe first
magnet are in substantial alignment with respect of north and south poles of the second
" magnet. When the magpets are in this orientation, the device presents a sirong external
magnetic field. The magnets can also be rotated relative to each other such that the north
pole of the first magnet is substantially in alignment with the south pole of the second
20  magnet and the south pole of the first magnet is substantially in alignment with the north
pole of the second magnet. In this orientation, the device presents 2 relatively weak

external magnetic field. The magnets are rotated by the actuation means.

Summary of the invention

Unless expressly stated otherwise, wherein in the specification and claims the
25  phrase “switchable magnetic device” is used the phrase should be understood to refer to a
" device including a first permanent magnet and a second permanent magnet, the first and
second permanent magnets being rotatable relative to each other between an “off” state in
which the magnets are aligned such that the device presents a relafively weak external -
magnetic field, and an “on” state in which the magnets are a_ligned such that the device
30 presents a relatively strong external magnetic field.
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i nvent i onyRs PM§198s @ switchabl'e magnetic device of the KkiptéyAtRlodHend a
housi ng, a first pernmanent magnet, a second perrmanent magnet, the first

and second pernmanent nagnets being nounted within the housing such that the
fi rst and second magnets are rotatable relative to each other, between a
"fully off' position in which 5 the n6rth and south poles of the first
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" relative Totation of the first and second magnets toward the fully on position is within a

20  second predetermined force range, said second predetermined force range having a higher
peak force than said first predetermined force range, and wherein said bias means applies a
rotational force to bias the relative rotation of said magnets towards the fully on position
with a force exceeding the peak force of the first predetermined force range, but less than
the peak force of the second predetermined force range, thereby causing the magnets to

25  automatically rotate toward the fully on position when the device is on or in close

proximity to a ferromagnetic material. The bias means is preferably a spring.

The device of the first aspect of the present invention provides a switchable
magnetic device that can automatically switch fo an “on” position in which the device

presents a relative strong external magnetic field when the device is positioned on or in

30 . close proximity to a ferromagnetic material.
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swi t chabl e magnetic device of the kind including a housing, a first

per manent magnet, a second permanent magnet, the first and second :
per manent magnets being nmounted withig the housing such that the first and
second magnets are rotatable relative to each other, between a "fully off’
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device presents a relatively strong €xternal magnetic field.

In the activated state, the angle of misalignment of the north and south poles of the

20  first magnet and the north and south poles respectively of the second magnet is preferably

less than 15 degrees. More preferably the misalignment is approximately 10 degrees. The
activated position can be the fully on position.

'In the deactivated state the angle of misalignment of the north and south poles of

the first magnet and the south and north poles respectively of the second magnet is

| 25  preferably less than 40 degrees. More preferably it is less than 30 degrees. In a particularly
preferred embodiment the deactivated state has the magnets in the fully off position.

The rotation limiting means limits the relative rotation of the magnets to less than

or equal to 180 degrees. Preferably the rotation limiting means prevents said magnets from

reaching the “fully on” position.
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of the magnets to an extent greater than 180 degrees Preferably the
rotation limting neans allows relative rotation of the nmagnets to an
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magnet s are tai.ned i.n.the act]j It ; ' '&ﬁ@nagrt@gn It is
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t he 180r trbieatich meanstconfigired toapnlye retrining @ﬁ@ﬂ@?et%é}‘?)é@g‘i“?t%ﬁ% e atfp@tsht i al Iy
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predetermined force less than the second force but greater than the first force.

In a third aspect, the present invention provides a switchable magnetic device of

| 20 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, between a “fully off” position in

which the north and south poles of the first magnet are in substantial alignment with the

south and north poles respectively of the second magnet such that the device presents 2

25  relatively weak external magnetic field, and a “fully on” position in which the north and
| south poles of the first magnet are positioned substantially in alignment with the north and
south poles respectively of the second magnet such that the device presents a relafively
strong external magnetic field, characterised in that relative rotation of the first and second
magnets is limited such that said magnets are prevented from reaching the fully on

30  position but said first and second magnets can be rotated to a predetermined relative

orientation such that the north and south poles of the first magnet are closely but not-
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predeterm ned relative orientation such that the north and south poles o
the first magnet are closely but not WO 03/019583 5 23 MAY 2006
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magnetic circurt Is forcibly removed. | . ) ) .
magnetic circuit to thereby limit relative rotation of said magnets, said flexible portion

having sufficient yield strength to substantially avoid deformation during actuatiqn of said

20  actuation means in the presence of an external magnetic circuit.
Preferably, said flexible portion is a spring link.

Preferably, said flexible portion can be deformed to a maximum extent, after which

continued actuation of the actuation means acts fo cause relative rotation of the magnets.

In one embodiment of the fourth aspect of the present invention, if an external

25  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” adviser in that its status can tell whether

successfiul contact with an external magnetic circuit was achieved.

The housing may include a pair of passive ferromagnetic elements which are
30  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
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The housing may include a pair of passive ferromagnetic el enents which are
30 magnetically separated, for exanple, by an air gap or by nagnetically
high reluctance material(s). The housi ng nost suitably defines a chanber
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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 invention. The height of the

magnets may vary over a wide range, and the ratio of diameter to height may also vary

20  over a wide range.

The first and second magnets are preferably 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

25  through the length or height of the magnet.

As mentioned earlier, it is preferred that one magnet 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 ifs essentially circular faces. In this fashion, the
requirement for large clearances befween the inner walls of the housing and the rotatable

30 © 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)
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have. di 11 er orfiergmendS TEBHE R HEsPreRmb reEeR Doy HidvE R Aag opf T
diff 5 ehhodt *}%éf'e&é& a{i}!)rg?é?ﬁ bR Vard éﬁrﬁarﬁgglﬁmcaus\éﬁhw B4h have a strong magnetlc
ficld. Such magnets also have a high coercivity, which means that they resist becoming
demagnetised. It is envisaged that permanent magnetic 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.
20 The first and second magnets may be essentially identical to each other.

Alternatively, the first and second magnets may have different maghetic 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.

25 In all aspects of the present invention, the device may forther include a child-proof
lock or child-proof catch type arrangement in the actuation means such thai some 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 magnet(s)). Other arrangements which will

30 ° be readily apparent to the person of skill in the art will also be readily apparent.
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can be 10 varied relative _ to the satellite, ereLp . in I ation
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causi ng dfhe 3drekdry tragretic Hividyavheni thetaagnets are iatthe saepndppgsitiony therély. o) i gn
the magnetic axis of  the at |easf ope swtch 1 | b L8 g t he
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arranged in pairs, el - | L6 R DBy tBA B8 bilved @ith @83hact in
conceért to c etaiéffa\g{] eeég‘?}fcg%@gtl né%(?aet c}é&'ésaglitel lite about one axis. More
pr ef er ablapnitbe system 20 includes at | east two pairs of sw tchable magnetic
devices. The systemcan include at least three pairs of swtchable,
magnetic devigegrablfahéisPstbiicas erRaed iincudoses phiratityeop awitshable magnetic

devices arranged in pairs, wherein each pair of switchable magnetic devices act in concert

to conirol the orientation of the satellitc about one axis. More preferable the system
20  includes at least two pairs of switchable magnetic devices. The system can include at least
three pairs of switchable magnetic devices, wherein the respective axes of the pairs of

switchable magnetic devices are mutually orthogonal.

The one or more switchable magnetic devices can be selectively varied between
the on or off states to periodically re-orient the satellite. During launch and/or deployment

25 ofthe satellite the least one swiichable magnetic device can advantageously be off.

According to yet another aép ect of the present invention there is provided a device
for collecting ferromagnetic items, said device including a ferromagnetic collection
portion configured to collect and retain ferromagnetic items by magnetic attraction
fherevvith, and a surface engaging portion which is configured in use to engage 2

30 ferromagnetic support surface against which the device is held, said device further

including at least one switchable magnetic device switchable between an “off” position in
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saturated when the switchable magnetic- device is in the on first position. The device can

further include a high reluctance region between the switchable magnetic device and the

20 surface engagement portion, wherein the high reluctance region has sufficient reluctance
that the miagnetic flux at the surface engagement portion is substantially independent of
the magnetic properties of the support surface.

According to a further aspect of the present invention there is provided a clamping

means adapted to clamp at least one article, said clamping means including: a first

25 clamping member; a second clamping member slideable towards and away from the first
| clamping member, and spaced apart from the first member to define a gap into which an
article to be clamped can be inserted; and a switchable magnetic device mounted to or in

close proximity to one of the first or second clamping member, said switchable magnetic

device including actuation means for switching the switchable magnetic device off or on,

30 whereby when the switchable magnetic device is on the first and second clamping_
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15  magnetic device configured to operably engage one or more functional modules adapted to

provide or limit functionality of the switchable magnetic device.

The one or more functional modules can include one ore more of the following

types of module:

a rotation limiting module which limits the relative rotation of the magnets of the

20  switchable magnetic device to within a predetermined angular range.

a biasing module configured to bias the relative rotation of the magnets of the

switchable magnetic device.

a locking module configured to releasably lock the relative orientation of the

magnets of the switchable magnetic device.

25 The locking module is preférably configured to releasably lock the magnets of the

switchable magnetic device in one or more predetermined relative orientations.

Preferably the switchable magnetic device further includes actuation means
configured to cause relative rotation of the magnets, wherein the actuation means are
additionally configured to be engaged by said at least one functional module to control the

30 functionality of the switchable magnetic device. |
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The gripping device can also include one or more magnetic pole extension means

which provide a relatively high permeability magnetic circuit to substantially conduct the
external magnetic field of the switchable magnetic device to a ferromagnetic surface to

increase magnetic attraction therewith. The gripping device can also include a plurality of

20 gripping means or switchable magnetic devices.

According to another aspect of the present invention there is provided a coupling
comprising a first magnetic device and a second magnetic device, the first magnetic device
being a switchable magnetic device, said first magnetic device and said second magnetic
device being arranged relative to each other such that said second magnetic device attracts

95  the first magnetic device when the first magnetic device is off, and said second magnetic

device repels said first magnetic device when said first magnetic device is on.

The second magnetic device may comprises a magnet. Preferably the second
magnetic device comprises a second switchable magnetic device and the first and second
switchable magnetic devices repel each other when said first and second switchable

30 magnetic devices are turned on.
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in close proximity to the second magnetic means, the additional magnetic means are

coupled to the second magnetic means, and when said switchable magnetic device is off
the second and additional magnetic means is relatively weakly attracted to the switchable

20  magnetic device such that the second magnetic means and additional magnetic means can

be decoupled.

The switchable device can be movable relatively towards and away from the
second magnetic means. The additional magnetic means are preferably movable relatively
towards and away from the second magnetic means and the switchable device. The at least

25  one second magnetic means and or the at least one additional magnetic means can be
ferromagnetic members.
The coupling can also include actuation means configured to turn the switchable

magnetic device off to allow decoupling of the coupling means. Preferably the actuation

means is additionally configured to turn the switchable magnetic deviqe on to cause
30  coupling of the coupling means.
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coupl i ng}n??ﬁﬁ’ SO T RelUdé actuati on means conf i %ggﬁt oe urn &he sw t chabl e

magnet i GnalRitic gevabd candeatolpled thex cagsen prp off the phir AR MAFSS abl y
the actuation neans is additionally configured to turn the switchable
magnet i ey ce on to cause 30 coupling of the coupling neans. WO

03/ 019583 13 23 MAY 2006 PCT/ AU02/.01156 The coupl i : H;hh@er
incl 6de a pl ukeebrding &7 angiheraspect 6 P H"E@‘?ﬁ’ét‘?‘éﬁnﬁﬁ%a@n‘%? rf%ﬁg vﬁg%elrahr;aéhe
swi t chabl e magnet.i ¢ ' ' RUsdiwbiifhn thended positidnl ie whrelyalet i c
devi ce d&??nﬁég‘gg‘éﬂg’e%?#%lﬁlgg gﬁolﬂs?g%qgé\‘gabof t he plural ]iﬂt { Sﬁ]?ced s&cond
magnet i CognRARTeivad A61004 ditcing vecess it eausgslptsbingodl theel? A5 7BAtd on

there is provided a latchin nmeans i ncl,udi L0 JBRED Ghovably abl e
bet ween meiadied pasidempy st ’Bﬁg’?eﬁcvm?"@ﬁ o adgg’%c%%lér gﬁca%?sed into a |atching

recess to ﬁgstg éa%hc%agag& hbgtdEtedy aat menst saidg fimst megnetict meAns08s ti on,
a first %‘@ tTc nmeans and a sw tchabl e magneti c_devi che %ﬁofrtﬁ)é ative
to e@ch gwitvbeblamhgmetindedesischupladto said lasehing mgmber, su¢ %gﬁ%@ means or 10
swi t chabl e magnetic deyi ce i s _coupl ' 5lohing nidRERer , such that
act uat | ofwitshablg anagafi¢ %ﬁ%uﬁéﬁgéfegmé‘g%nﬁ%égggﬁs}es rgl ative novenent of

e

the latching nmenber. The first, ma I.C means is preferably a magnet. The
swi t chabl e nmebirslistmaansticdnesns 1S R PP reans can be coupled to the

| at chi ng menber. 15 Preferably the sw {.chabl e magnet | i Qo fh& st
magnet i ¢ neanthaswitehablmyeaneticadoyiqe, & té“a"cﬁ“re%‘f%be %%%Iﬂ%fghcgtﬁplggm t chabl e

magneti c, devi ce agtracts the first magnetic
latching member.

15 Preferably the switchable magnetic device and first magoetic means are arranged
relative to each other such that switchable magpetic device attracts the first magnetic
means when the switchable magnetic device is on. Alternatively the switchable magnetic
device and first magnetic means are arranged relative to each other such that switchable
magnetic device repels the first magnetic means when the switchable magnetic device is

20 om.

The first magnetic means can also be formed from a ferromagnetic material, and
the switchable magnetic device and first magnetic means are arranged relative to each

other such that switchable magnetic device attracts the first magnetic means when the
switchable magnetic device is on.
25 . ither the first magnetic means or the switchable magnetic device can be mounted
to the latching member.
The device preferably further includes bias means to bias the latching pin into
 gither the extended or retracted positions.

In one embodiment the latching member and a first magnetic means are mounted to

30 first member, and the switchable magnetic device is mounted to a second member which 18



means when the swi tchable magnetic device is on. Alternatively.
swi t chabl eydmpeégdsc device and first nagnetic neans are %m%%mﬁ%f%qovse

to each other such that switchable mnagnetic device repels the first
magneti ¢ means when the switchabl e magnetic device is 20 on. The first
magneti c neans can al so be forned froxlr‘%a ferromagnetic material, and the
swi tchabl e magnetic device and first gnetic neans are arranged rel ative

to each other such that. switghabl.e nmgnetie.device. &t th e iHeSt

ragnet | GHeEEeHEn o e T iy S e e PRSI b IS,
first fehdfbdrRé iR REoridBesibért chabl e magnetic device can be nounted to
the latching nmenber. The device preferably further includes bias neans to

bi as the | al qhiupQelsDleinodinidhethd it pCid Ret hagnai aduposid tions, | n

one enbodi ne ching nmenber and a Tirst nagnetic neans arg npunted
to 30 fowitehabienanetiaddvich ere mavotedbloefirshgrambes aethe datchingoURDEE 15 a

second nenber which iis WO 03/019583 14, 23 Y. P ]A%g'jh vabl e
rel abi vedapied R be Teesivedeiinep reGrRaTE PRCIHE © gtsgﬁ‘g%gmﬁ%%s 'S E:%n |5§Iréed to

latch t ﬁmti(ré £ the BiEP Sfenitr, | Wer&iRCHRS dat SRR @hicans s eonfigurat tealatohethe firsidi ment
the latching pin and first magnetic neans, and the svyltg{éaﬁtlée magg etic
devi ce anembarunttbel seeonfli membere Fhe rlatghias tRenbeBAY SHREHD t mg %5pt ed to

be recei vedbi nto a receiving aperture of a second nenber which is novable
rel ati vé™¥B°The first menber, wherein the latching nmeans is configured to

| atch the first penber t he secon nber . . Tl chi :
conpri se t he Aqopiingdf na fogher, aasa) © A@%o?rg?ef% @geﬂéi% ﬁlup{eﬁg rlg?s}ggg?&rga%/ t he
pr ea%.“t slhli‘tgﬁmlé ﬂ{bﬁh&ﬁf evice OF MY KERDinRIudi & hblisighl Brstpgnenent magiete of t he

ki nd i ncluding a fousing, a first permanent rra%net, a_second e({ ent
magnet , setendfpersuneu diageetothe frel andrisaend peymenent eagsgts g BEUUPE BHID ¢ he

cach of HBF Houes dptitigh sy repatd SRS, AERRCH® ERHICIANRY § Gehamae 1o
(5,7 Sl G}l A el st et g L
char act gialfiemid jan ontp@sitioRdn @ébj,ththe flgﬁigchgqesqq%qt ﬁ%gve Mgreécteﬁ%ai Inagpefic .
frou ritSed ée?d,%‘inaracteﬂsed in that the device further includes a low reluctance shunt mounted to at
least a first portion of the housing configured to be at least partially magnetised when the
device is in the off position such that the external magnetic field presented by the device

adjacent to the first portion of the housing is negligible, and that the device further
includes a high reluctance region between the magnets and a portion of an external surface
20  of the device, wherein the high reluctance region has sufficient reluctance that the

magnetic flux presented at said portion of the external surface of the device is substantially
constant.

The shunt is preferably almost magnetically saturated by the external magnetic
field of the switchable magnetic device when the switchable magnetic device is in the off

25  position, The shunt is preferably ferromagnetic.

According to yet another aspect of the present invention there is provided 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,

30 between an off position in which the device presents a relatively weak external magnetic

field, and an on position in which the device presents a relatively strong external magnetic



| east a first portion of the housing configured to be at |east partially
magneti sed when the device is in the off position such that th %06
magnet i c fi ¥O03gy8ent ed by the device adjacent to the fi rngg%(i/E{ét; :
the housing is negligible, and that the device further includes a high

rel uctance regi on between the nmagnets and a portion of an external surface
20 of the device, wherein the high rel ugtance region has sufficient
reluctance that the magnetic flux presented at said portion of the
external guef @Geaciristd & A8MhE Qetice RIS gﬁgid@é hlfow ?ém&é&@tshm}i%nﬁgﬂ% td S
preferably al nost magnetically saturate y the external magneti el d of
t he swi t cheaflleashpagtielly magesfised whire thetderics v indhabffeositign etdhcthatatie exteinsl i n
the off 25 positipon. The ,shunt i.s pr.eferab ferro nefic. According to
yet anot h@?ggegﬁé%hfws?ﬁ%lﬁ?h@ggﬁ‘fm?%W{%ﬁhgmlﬁﬁ ded a switchable
magneti c devic f the kind including a housing, a first pernmanent nmagnet,
a second per n@rfg?ﬁe aﬁﬁfij’ﬁe‘fﬁh? Mention theshunids comfigsed srshdbat whegrihe dees ng
mount ad Wi oo RRiAAUES G i SRR

r ot at abl esr el atql \};ebg %o eacﬂ&%t e?s,ehg%trgieat%&g&ns&gﬁgo pglgil8 ] gﬁ%ﬁ%ﬁ?‘%h@t he
devi ce priesthntshust. bk sshimvielsyproferdble séparated fromy tiet imagndis by cin aingamnMore

position in Lch the device presents a relatively strong external, nagnetic
VO 03/ o;ﬁ%@%% i is ggmaerealy Breeieds angha ?WEF}?S&C%EI}GE@ °fife that

the devi Gg thé dfrPesitib Bk i&%ﬁﬁeﬁ@éﬂfﬁhﬂ&&@%ﬁn BeUHitchaM1E h&gﬁ&ﬂ: &e@icel?ﬁ]ﬁt
| east partially magnetised en the device is in the off position such that
t he ext erthapbnpasijewtic field presented by the device adjacent to the shunt

is negligible. In these aspects of the invention the shunt is configured
such 1Dhat wherdcosiineubce fuBhers aspect d the pesdnt | invertiva thews de poddahtss a

relatively.str,qng external. eti.c, field adjacent t9o the shunt. The shunt

s pref oripARE et e iy melidinga hAtsne 2cist DUBRBS AR ol y

the shuntsedchd WemBRGR Bldoha! 1 Mt ddeesh ahdif ﬁﬁg@*&&ﬁ@&ﬁﬂ%&ﬁew ce
atur at ed n the swmtc

is in the off position,” but is magnetically s abl e
magnet i ¢ thehpesing sudnthat the st pod s¢dond . mdghefscare rdiatalyle wlativeuntdash offlepect of

the present inventi.on.there is ovided a sw tchable netic, devi ce of
the ki nd TRyt BOMBOE Iyl the Heics sl ARAHE Mol S Cteh FFERE Fmanent
magnes, ek, fahd Sh of PsiE6R ANFHRETROIRAe FrRERE! SrehRivEE JHoHR ERmM H&Fﬁb’cict he
housi ng such that the first and second nagnets are fotatable relalive to
each ot hdield, characterised in that the device further includes a high reluctance region between the

P

magnets and a portion of an external surface of the device, wherein the high reluctance
region has sufficient reluctance that the magnetic flux presented at said portion of the
external surface of the device is substantially constant. The high reluctance region can be

20 an air gap.

The high reluctance region can be formed in any known manner including, by
providing an outer shell surrounding the housing defining the high reluctance region, a
spacer mounted externally to the housing, a void in the housing, a gap or non magnetic

spacer between the magnets and the housing.

25 _ The switchable magnetic device can further include a releasable holding means for
releasably holding the magnets in a first relative orientation, said releasable holding means
being releasable to allow the magnets to move to a second relative orientation. Preferably
the switchable magnetic device includes actuation means for actuating the releasable
holding means to release a said magnets. The actuation means preferably comprises ﬁpush

30 butfon arrangement. The releasable holding means preferably releasably holds the biasing

. Imgcans.



between an off position in which the device presents a relatively weak
external magnetic 15 field, and an on position in which the devi ,A éfabé
a rel ativel WOs@3f0a97§3 ext ernal nagnetic field, characterisedpbgméﬁggﬁggs
device further includes a high reluctance regi on between the nagnets and a
portion of an external surface of the device, wherein the high reluctance
region has sufficient reluctance that tfge magnetic flux presented at said
portion of the external surface of the device is substantially constant.
The hi gh 1 e} UChRRfline R9LASGHER of A ke fuvBifin HAE :DbNideE HEIRREA]
region can be fornmed i n any kngmn manner 1 ncluding, by “providing an outer
shel | sur conphigg mynfipeed doagnaky atetleniricgl cdimedticgghwitk | ancéxdternel cagiucor, said

ted ext Iy .to.the housi . i d in.the hqusing,
non_magnettiPing iefaiig. ot Jeast (qie AouliAch BOriRR SORUSHIS 1 gnals ten S1ECHIRE hab o
magnet i c geitieSifors and hUkERBIbIE RcHER: dovidd @AFiaeR 16 btdin e WBAMAS: fdfion in

rel easably holding the magnets in a first relative orientation, said

r el eashbl eomsivrigvanpuiashwih theexigmeksanducipr whernthglswiinbaliie magyetist device isrive t o
a second gl%lo tio‘sﬁgi gri entation. Preferably the switchable magnetic device
i ncl udes actuatron means for actuati ng the rel easabl e hol ding nmeans to

| i Th ' fergbly. | ses. h 30
but Con. ar r angeBRTADI e (BRAE AR GG i b BPIPEoft ChorBLaERlS
hol dst hemBb@sicNvicBPERS cotthitOptiriid® 68 bd Gntégralf YortRBwith ¢hé Ablsthd b 3k

According to another aspect of the present I'nvention there is provided an
el ect ri catwitchebigl iagnetiordeviger &lie tabectnideb canpliigecanr inchidectwrmer tiape omittabt an

ext erpal duct.or i coupl.i ng. i.ncl ud at | east pne cqntact .portion
conf ilgrbtéj1 r eﬁo@?gnsﬁalgrgfe{aia@ 3‘1%&0?5)& b ?{ng{:ch%gﬁ,waﬁ%c © t‘@ﬁgﬁ‘ft’éfe ic
dEVI ce Cttwesl €l fvid 6rehatetohbet PONbASE TThR @bl daf a@ﬁﬁﬂdﬁ@bﬂﬂﬂ@r&@ﬂi@t
with the external conductor when the sw tchabl e magnetlc device is in the

on posi t imBeans pdeTted iegegeiymandanplteplectyier comactivg eatdcally condudiizasatle of
the switchable magnetic device. The contact portion can be integrally
formed with tHéhehelgsiricgl obuling peafereblyablse inelgdest iactugtivi gecand halapiedctor i cal

| | i.nc t t_ 10 portions., Preferably t
Coupl | ng “FRPYHEAoRRC s dRasteir 8 Bereanly TASAr A0S biivach (e WLALER sai d
two g5 MiResiBREREIVDPEIdWESIpliA ané BoRubliss 66de Bled@ichNOupHf: HRMsS T ecei ving
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In a preferred embodiment the coupling further includes elecirical swiiching means
configured to selectively prevent or allow electrical current to pass through the coupling.

The actuation means can be associated with the electrical switching means such
that an electrical current is prevented from passing through the coupling when the
20.  switchable magnetic device is in the off position. The electrical coupling can also include

_-electrical insulation means.

The coupling can advantageously be configured to be an earth coupling for
welding.

According to another aspect of the present invention there is provided a switchable

25  magnetic device of the kind including a housing, a first permanent magnet, a second
permanent magnet, the first and second permanent magneis being mounted within the
housing such that the first and second magnets are rotatable relative to each other, between

an off position in which the device presents a relatively weak external magnetic field, and

an on position in which the device presents a relatively sirong external magnetic field,

30  characterised in that the relative orientation of the first and second magnets can be varied

between the on and off positions to produce an external magnetic field of varying strength.



means adapted to receive and nmake el ectrical contact wwth an electrically
conductive cable. The electrical coupling preferably also inclu A
actuati on nP¥An3/0aef@pted to relatively rotate the magnets ofpctr};\%,wlggh%gp@
magneti c device between the on and off 15 states to selectively allow
coupling and decoupling of the electrical coupling neans. In a preferred
enbodi ment the coupling further includgs electrical sw tching neans
configured to selectively prevent or allow electrical current to pass
through the coypi jdiive iRnAGHNJF HRNEREAMsEEH RS £ r@feﬁﬂlﬂdﬂﬁnﬁgﬁﬁ#{ ed

el ectrical swtching neans such that an electrital current s preve
f r om passvanpbltbawein thhencmdpff positivnsnThheelatid® osisitating loff ¢henfixghand secamd/i ce

is in the_off position.. The e] ectri.cal. coupljng ca so..i ncl ude

el ectri capag“eégfaé]ﬁEWn R X%@ﬁ?P%&eg%ﬁeg’mﬁP%&ﬁm be confi gured
to be an earth,coupling for _welding.. According to another aspect of .the
present i nvent f67PTHREICYstanpthsy aspaet of WIFWEW@UW%%WVE{%S@\HWIW t he

ki nd 191! deicdiof cRaMektodte durls ABHIRNAMCIAPANGhe AsREURMCARTROEA

magnet, the first and second pernmanen nets bel nount e

housi ng ssaid defiection mesahs ircludingl a sedichebleragigatts: device aindigaisdetorgehertatevan t o
each ot her, between,. ff, posit.i,on in which the device presents a

rel ati vel &8 Wg?ﬁglld%ﬂgﬁﬁ%éis@dﬁ’?@c&& and an on position in which the
devi ce presentﬁ a relatively strong _external magnetic field, 30 .
char act eri sed M$POFHRE @ REoHer encgk O the RresentolveRtionhierg jssproxiigd e yith

magnets cayy %gﬁﬁ'%qﬁle ] t i : C ‘ﬁ%

ext er nal magir?lg%i C e d%@%ﬁ?ﬂi%@?}’@%@?ﬁ%ﬂ@gﬁ g%gggg@fgﬁ%gﬁl\ﬁ 06
PCT/ A002/ id BértTéaractdrimed wethat sagd flaid @oplifg furthef inchidesatdless onaewitdgbht s i s
preferably continuousl variabl e. bet ween the .on,and off positions. The
el at i ve BRFEHE SETGR coRigya i retaing g 00l oS Molyid commapico Y cac

i ncr ement gthdrwhenthadhiechaBle Wemetid 8eret B dheloh pResibhi ons. According to yet
anot her aspect of the present invention there’is provided a particle 5

defl ection neapg fﬁﬂ&‘%lﬁﬂiélg%aﬂ%ﬁﬁ&tinﬁﬁ@ &%ﬁ]Bg gllﬁéﬁgé g&aﬁ%@g@ik&bﬂa& |

defl ection neans, sal ect1on neans 1 nc gnetic
devi ce cdh¢ mggnasiof the getichabl emapnetiexderica bbivweay tet drcarfd &fif dtates taledleantlysai d

particles.. Accordin anof her _aspect of the present .inventjon there is
pr ovilged '3_5101“4 ?ﬂ“ﬂﬂ“%gﬂ%a?‘??ﬁp pf g'ﬁrfgﬂa Fﬁuﬂ@ﬁéngﬂ‘ilsf fﬂ'? fuid ponpling B13Y fdween a
first flyhndOnbwaRddnsemeRMt configured to control the flow of fluid between the first and

. . . ! . .
second fluid ports. The actuation means is preferably associated with the flow control

means such that fluid flow is prevented when the switchable magnetic device is in the off

position.

20 According to another aspect of the present invention there is provided a suspension
device having a first member suspended relative to a second member of the type including
a first magnetic means associated with the first member and second magnetic means
associated with the second member, characterised in that either said first or second

magnetic means includes a switchable magnetic device.

25 The first and second magnetic means can be arranged to repel each other when said
switchable magnetic device presents a relatively strong external magnetic field.
Alternatively the first and seéond magnetic means can be arranged to attract each other
when said switchable magnetic device presents a relatively strong external magnetic field.
In this case the first and second magnetic means can also be ananged fo attract each other

30  when said switchable magnetic device presents a relatively weak external magnetic field.



10 fluid port, characterised in that said fluid coupling further includes
at | east one switchable nagnetic device configured to retain t '
ports in flWoP3®e@aini cati on with each other when the sw tgbgm’%/% Pe6
device is in the on position. The fluid coupling can further include
actuation neans adapted to relatively rotate the magnets of the sw tchable
magneti c device between the on and off gfates to selectively 15 allow
coupling and decoupling of the fluid coupling nmeans. The fluid coupling may
al so | ncl ude TiradnGeRibshBRR il A 1Eithd nRN Btbpid tnddh® thelaild th d
between the first and second fluid ports. The act Uat] oR means s

pr ef er abl plesitisally aensluctive hotion dolplad dolie Gist orsestsidsuembernsuch fthati rdlativow | s
prevent ed _when t.h i.t chabl e netic device is iLn the off  positiaon. 20
Accor di ng"CaCuridpe ik aad serond meemirers Gaies tho SRPUHVE Rarien i ndlY o
suspensi Otha | fiefd Senerdiel By fHe' ikt TFREGAM nSigapeMeshs’ €l ative to a second
menber of the type itncluding a first magnetic neans associated with the
first gqrenber apgy ﬁ%?gﬂ@sé%ﬂﬁ%érﬁbéff referab b]?&e%ﬂle"i‘efaﬁvé REeRBRAML. FRADET .
characterised in that either sard fir or secon magnet | ¢ neans | ncl udes
a swi t chafitst nmggetet meanbearidcer s2bnd nmghéticsmeansccancinclde mesyvizhilkle mepnstican be
arranged to.repel each other when said swtchable magnetic device presents
arelativ Efv>]1°’estrong external magnetic field. Alternatively the first and
second magnetic negns can be arranged to attract each _other when said

swi t chabl e gt tegadsreal magnetic fisldpfiths switchebly magnstig desieasanarelerabbet i ¢
field | ' i 6 ' Iso b
I e Be bied 16 38§ éfg{:‘%p%t;aﬁgét s ﬁﬁ%@&%?ﬁﬁggﬁs&gﬁédg S0 be

arranged to attract en sal gnetic device
pres s a relatl netlc. field. 1019583 18 23 MAY
2006 PCT/ Auozlgjie’ll%@éf‘ﬁfeﬁﬁidé&?é%%@heé e (s;‘?%l}ﬁﬁstfeév %?ﬁagﬁorc?‘ﬁﬁw. Hel ude
danpi ng neans } ncludi ng a el ectri.cal |l y conductiv ortion.coupled to the
first or secon‘%Ccu e chgllf’g}ﬁertzﬁg?c P_éﬁ‘ﬁl?ré%en?m?g‘?@hﬁwg? lstm‘é‘”fl?cfgg‘agﬁﬁmsecond
nenbers aRukas rddas GPREL Kindve RAIdH B8 thedPYE al ddnlil@ive REABE feldive!td a

generated by the first or second magnetic nmeans. 5 The first and second
nenbers dpegnstiefeqanpicgn Spidgerensed e ppnliceiéon of eavignstit derce Thdhe tonductive

magneti c . 0 et c nmeans._ gcan ingl. a_sw t.chabl e
magnet i ¢ %e_@?ctte. Cir)lernu g‘g&l t@g%&gﬂ%tfc %ﬁ]ﬁé?cﬁ%&# iaegl“ﬁ%g?ebl? Frasehic doRIch: o
g nelt'jI ¢ devi Prefefab il;lel.'ISg rt]:?ebelaﬁerna,l magnetic field of the switchable magnetic device can

be varied between a relatively low level and a large level so as to vary the rate of decrease

-

-

of the relative motion of the conducive member and the magnetic means.

In preferred embodiment the switchable magnetic device further includes

indication means to indicate the relative orientation of the magnets. In use, if the

20  switchable magnetic device is forcibly removed form an external magnetic circuit, the
indication means can indicate the relative orientation of the magnets prior to removal. The

indication means may comprise the actnation means.
Brief description of drawings

Notwithstanding other forms which may fall within the scope of the present
25  invention, preferred forms of the invention will now be described by way of example only

with reference o the accompanying drawings, in which:

Figure 1A 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;



be varied to vary the separation the first and second nenbers 9AY 2006
suspendedywolésoibgssuspensi on devi ce can preferably conpri sgraggweses Or a
shock absorber. According to another aspect of the present invention there
is provided a magnetic braking neans of the kind in which the notion of a
conductive nmenber relative to a magngii c means can be decreased by
application of a magnetic force to the conductive nenber, characterised in
that the magnetic ans_.i ncl ud . SWI L i [ ekBernal
Preferably in&selPHa 8 %@Pﬁ%@ﬁ%%@?‘gﬁ 0 ?ﬁgélpgevs\ngjtﬁ%hgebalne nagnet i c
devi ce qugneg)@ciy@ﬁtg ed between a relatively low level and a |l arge |level so
as to vary the rate of decrease of the relative notion of the conducive
member and t W ehdes TRFRE sithilarPiot fiat loFdfi@rb BHifore at prototyeniwitdiablee
magnetic devic urther includes indication neans to indicate the relative
or i ent atragmetid - deviee rshgwings relpfivey ferce jagainsfe angubars displaeriping f%ﬁj‘n’éﬂ“ﬁﬁ evi ce
exte(;ir nalg%i{ragneti c circuit, the indication means

is faorcibly remgved form a
can Pndis€ E“qnlggi'%f"%ﬁfts@a PreftsT6h "of the magnets prior to renmoval. The
i ndi cation neans may conprjse_.the acjuatjon neans. ,Brief I Pt of
dr awi ngs Not igHe S Wﬁgde‘lPHQF‘h%‘F%f@ﬂ‘figﬁu eRAIpasefl Upo ﬁ?%eﬁtﬁéll ﬁ%%@ of the
present egﬁ%n&tfb‘ﬁ%tt' b FuBGRIRSS Stné BdBspebt $hBe proventiventiod;| | now be

y

descri be way of exanple only wth reference to the acconpanyi ng

drawi ngs, inqgmicha Flgun § Werhé Birkdomgaion e

angul ar di spl%ggngﬁﬁg%ﬁengﬁﬁggﬁﬁgggnﬁe@gﬁgg@g%ti ng on thegdevi ce as a
f unct i oneedndang yhiad aspesiplofittemeetenafivértienragnet s rel ative to each other in
the absence of an external magnetic circuit; WO 03/019583 19 23 MAY 2006
PCT/1§U02/ 01158efrb BX Gs kBprioBuicdi of Figure|20bf tonr Flognending Ankumatiohsinpatent t he
presence of an external magnet ic circuit; Fjigure 2 shO\é\% @lgpl of, Salbflél lar to
that of appheation3ne BETAAYPOLEY5 shawing: Aaph| Resiony oy &F 18 SHBHRS
relative forﬁe ag i.nst angul ar di spl acenent for a range of 5 separations
from an B%&€E %g‘f’ %ﬂgnetic circuit. Figure 3 shows a plot of Figures 1 and 2

i d th i t.h j E G f
TheTi 1ot as BB I Shvh L catly viftn 3 4 feflod i bb RfadiBe \fiul A€ U LE B 1O ©
requi r edyfht MVertioh! SHihE Bn RerhtiveiBagafos thegolapicads. t he

15 Figure 6 is a top view, partly in cross-section of a switchable magnetic device in

accordance with an embodiment of the present invention;
Figare 7 shoﬁs a top view of a switchable magnetic device for use with the second
and third aspects of the present invention;
Figure 8 shows a top view, in cross-section, of an embodiment of the invention
20  using a torque sensitive lever as the actuation means; and
Figure 9 illustrates the forces involved in a fail-safe arrangement embodying the
present invention;
Figure 10 shows the relationship between the angle of rotation and the external
magnetic field in a device in accordance with an embodiment of the present invention;
25 Figure 11A shows a collection tray employing a switchable magnetic device

according to an embodiment of the present invention;

Figure 11B shows a cutaway view of a base portion of the collection tray of Figure
11A; |



second and third aspects of the present invention; 10 Figure iI\ﬂAY2006
repr oduct wayosafieodszgure 2 of our €o-pending international pgt 02/01156
application no PCT/ AUO0/ 01505 showi ng one basic construction of the

swi tchabl e nagnetic device; Figure 5B shows an end view of a device in
accordance wth an aspect of the pr nt invention, showing an alternative
shape for the pole pieces. 15 Figure is atop view, partly in
cross-section.of a i tah oY i i ahhe ichihign

enbodi ment of ‘FHE %?%As?ﬁtﬁlﬁn\%}én fqbgﬁén& Fgﬁﬁeéé%“s g\ﬁsa%gé)ggp Vi éﬂi/va of a

sWi t chabk@gragnghille geghei deviceus ectuatt mavemesteafaridckingiping hi rd aspects of
the present invention; Figure 8 shows a top view, in cross-section, of an
embodi ment  ofgihihes 13 8Ad 198 shely 4iSécoad Raiisticiust Slktvhithéchenismwepmplagng ke
actuation neans; and Figure 9 illustrates the forces involved in a

f ai | - safswitshatdepemesiic dewisedyi ng the present invention; Figure 10 shows the
rel ati onship between the angle of rotation and the external. magnetic field
in asdevi ce iRigwecbtAland d4Rishhwanfugtiboenbediment oft m@t%@ﬁ%hmmwﬁ%n 25

Fi 11A sh |l ection t | Qi i i Vi
Fooor G darludean wisharhonesiio, idee” BRechdind %ol o Whichifiet IPHEBIGaMEV] €

cut avvayg%‘l}@gogf a base portion of the collection tray of Figure 1 1A; WO
03/ 0195 '3 MAY 2006 PCT/ AU02/ 01156 Fi gures 12A and 12B show schemati c
representati gy | i ' I atiid & Raittieblegnaghdtic devi ce
to actuate rm%n\llélrrrgsfn%g%faﬁgcﬁ%o%%yﬁ%géﬁgeﬁgibg&?gpl A angd 13 B show gﬁsecond
vari ati @avieg; a | atch nmechani smenploying a sw tchable magnetic device; 5

Fi gures 14A and 14B show a further enbodi ment of a | atchi ng mechani sm which
i ncligdes a swiggbablshowagnekemplkavémbodiment afi angorientationsobiseli sysiem B 2t he
present invention; Figures 151,)01 and 15 c? show a cutlery block incorporating
a swi t csatsllise whiphaneladesa svgtchable magnetic device;

Figures 17A and 17B show embodiments of a hybrid vacnum/magnetic holder

including a switchable magnetic device;
Figure 18 shows a switchable magnetic device having 2 modular construction;

15 Figures 19 and 20 show schematic diagrams demonsirating the principle of

operation of a further coupling in accordance with a further aspect of the present
invention;
Figure 21 shows a schematic cutaway view of a tunable suspension assembly using
a switchable magnetic device; .
- 20 Figure 22 shows a first embodiment of an adjustable braking systems using a

switchable magnetic device; and

Figure 23 shows a second embodiment of an adjustable braking system using a

switchable magnetic device.
Detailed description of the drawings

25 It will be appreciated that the attached figures show preferred embodiments of the
" present invention. These figures have been provided for the purpose of illustrating the
- preferred embodiments of the present invention, and the present invention should not be

considered to be limited to the specific embodiments as shown.



10 Figure 16 shows an exenplary enbodi ment of an orientation Ay gyggem
for a sateldesi@osshi ch includes a switchabl'e magnetic devi egir/At@wigs I

and 17B show enbodi nents of a hybrid vacuuni magnetic hol der including a

swi t chabl e magnetic device; Figure 18 shows a sw tchabl e magnetic device
having a nodul ar construction; 15 Figgyes 19 and 20 show schemati c di agrans
denonstrating the principle of operation of a further coupling in
accordance wihldyas il dhELs BARE flost: V251181 B3R oon UBYASHAITDIIoWing fustht L shows
a schematic cu?away view of ‘a tunabl e suspension assenbly using a

swi t chakh@idsagnéidtel ettiedavent dfi the switdbihmagnesicrdevice desastbad i AR &F an

dj ust abl e br aki ng _syst ing. ' ' i ce: Fi
35 ehonpeadise dematumsb AR rURtign aoPG SEAAPAEL TR Tty AR fife B 007 @
swi t chaly & gﬁ%ﬁ?ﬁfﬁuﬁﬁ% 'tcg,%m B! it BebId 984pneRé devicd® frolnhe dotftitagse 2™ t Wi | |

be appr eci ttached figures show preferred_enbodi nents of the
pressnt posivien varies withethe phimgrability hfithe axéssnalpnagpetie airgt: I partisylap dsasof

br esent Dom S chaCig, e ignine o FEnP ast R HoThE nby JUGR flm BRC, {12
embodi megps ggéiﬁéﬁso\eohen\fﬁrg% £ 958122 hadRetiAYcARIE nREGH/ ki@ i 86 foive

vari ous aspects of’_ the present invention have been devel oped.follow ng
furt her reqtizedi teswitshdbe devick jnte fae oprosttion when fik €% FRASPEN BT 15c

devi ce descr | n_our - nds ' a i L AR A no
PCT/ AUO@W?%@%%%@E@?%%Y&@%%@E%%{% I%?ﬁaé y Leeﬁ?%e?ggofequiﬁgo‘lk I%i turn

t he 1gWi tgghablige TR@PIRE] Gn d@tRe Witloor tchge "mbtimityote ke extemtal Sfepomiaghaies
varies wth the perneability of the external magnetic circuit. 1n_.

parti culmeateridl; Figare 1A sbaws sug@ph (4t the pelatigy durce 3&‘1}%@@&%%\% BHUHEE devi ce
into the_ "on" SJ 1-d s of £ I3f _gﬁtﬁﬂgm%gﬁd@l gte@ixt er nal
magnet i o 85%%13“%{3(:85”‘{}% r%atgbte%%w%h%ﬁc@%g 1%18?1220 pr equired to svmpt ch the
devi ce iagppcdiiag MimbRoBCT AUOSOESOSawithxingnizaldisplagemenic Asi ¢asube sean fplesent .

A high perneabiljty external magnetjc. ciycuit. may, be pr exanpl e,

when 10 Rigise ddvithe Trecepregpisel it%%%tﬁ%afb? ‘{ﬁv’t"ﬁ o ﬁi‘eos%&p%%glﬁlrjﬁl t(wcg g‘;ﬁ

ext %nalreﬁrggefn%ﬁaﬁ Nt dngular displacement of 180° in the graph of Figure 1A) is high if the
external magnetic permeability is low. This is due to the high intrinsic magnetic field

strength of the device when no high permeability external magnetic circuit is present.

Thus, work has to be performed to overcome the resistance produced by this intrinsic
magnetic field. Rotation of the magnets toward the on position, i.e. 180° on Figure 1A,
20  converts mechanical energy to magnetic potential energy which is stored in a high flux

density repulsion field between the poles.

Figure 1B shows the same graph as Figure 1A, but with the switchable magnetic

device being in the presence of an external magnetic path of high permeability. This may

" be achieved, for example, by placing the device in contact with, or in close proximity to,

25  an external ferromagnetic material, such as occurs when the magnet is attached to an
" external iron load. As can be seen from Figure 1B, although the general shape of the graph

' is similar to that of Figure 1A, the relative force required to move the magnets between the

off position and the on position is much lower than when there is no high permeability
external magnetic circuit. The force required to move the magnets between the off and on

30  positions in Figure 1B is lower than that in Figure 1A because the high permeability of the
' external magnetic circuit results in the magnetic flux finding an easier, external path,

which diverts some of the magnetic flux fiom between the repelling poles.



material. Figure 1A shows a graph of the relative force requir

the act uaty@asoi9%3ns of the switchable magneti c devi ce desp%rqi, 4 ,ﬁéﬁ)gma-
co-pending international patent application nunber PCT/AU00/ 01505 with '
angul ar di splacenent. As can be seen from Figure 1A the force required to
switch the device into the "on" posithen (which is 15 represented at an
angul ar di spl acenent of 180 in the graph of Figure 1A) is high if the
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swi t chabl e magnetic
switchable magnetic device reduces significantly. When the switchable magnetic device is

in contact with an external ferromagnetic circuit the peak force required to rotate the
20 magnets between the off position (0 degrees) and on position (180 degrees) is less than
20% of the peak force required when the switchable magnetic device is unloaded.

Since the force acting on the magnets is always (except when the magnets are in
the 180 degree equilibrium state) attempting to return the magnets to the off pdsition (©or
360 degrees) any work done to rotate the magnets into the on position is returned when the
25  magnets are returned to the off position.

In the first aspect of the present invention the magnetic device includes a biasing
means operatively associated with the magnets to bias the magnets away from the fully off
position. As described above, when the switchable magnetié: device has no external
magnetic circuit, for exampls, where the device is not in contact with, or in close

30  proximity fo, 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 is arranged so



device is at a different separation distance froma ferromagn ch Y 200
substr at ewwdPb#d1958802 shows the angle of the force vs ang@@:%qzﬁ,@ scemnen
when the swi tchable magnetic device 10 is unloaded, that is it is not in
close proximty to a ferromagnetic surface. Plot 2002 shows the force vs
angul ar di spl acenent when the sw tchahjle magnetic device is 3.5 mmfrom
the external magnetic article. Plots 03, 2004 and 2005 show the force vs
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acting g’%‘\%@h@en@%ﬁ%&f ?iséaas\?va exce%g)QMen t he magngts are in the 180
degr ee egufoligit turmont’ dayreat t enpting to return the nmagnets to the of f

position (O or 360 degrees) any work done to rotate the magnets into the
on position i tkeippandts whhe fihaspRb ofrthgnetssntinsentmn theddasting mASHCEs

position. In the first aspect of_the preseni.inyenti.on the : | evi ce
i nclt@dedo ol thei aripatinn apeans savay: from the efféﬁtc’é{i“’%i PR F’Fﬁéﬁ%ng“ﬁgﬁisf‘léd bi as
the magnet Y, fadl il FidReSs 1\ Rieh bSes®S GEiubtsh Ale@veawayhen t he
SW tchab’:P%‘r“?1 eatpﬁ)?%gﬁy%g #asg&ﬁg ufég%ééﬁ?‘?\ga’l Wﬁma ne?i c circuit, for eaggrrpl e,
wher et heorileivd @eori faliyoff positionntvhen there is nocxternal shassetigoirgrineset-Ju the  an

t | f ti terjial, t f i d . i t i
o exgmploGE v TagTe o (e bitingyreq B ool 8 B bfafin Wbdns MAa{ B ©°
means | Saca{aﬁaﬂ%qné@ a)s\grd%%%gw o B A 0BORRitioRGTHeAWRGS BB Extednat i t

applies arotationa rce to'the magnets which is |ower than the E‘%‘gk
forde r aguinetd cirtwit. {When tahexsarpalanagnet oiseuit ist elosade foyae Folsi arealer thap

absence of the external netic circui i ' beds8Hhd & nove
the act J89edH ¥ t?éinct"tggg%ﬂmﬁ%eé? ?‘Td;)]ﬁ c%ﬂ{%_h&éw{gg P g@éd r??gaﬁﬁlgﬁésgxt er nal
magnet | ?po%itfoﬁ??ﬁt- i As?igﬁﬂj’; Qffedrint 1R thebiasiRY infeans Bpplics aridtatiosalvibtde Hia he
first aspact of the Present invention is placed in cl ose proxi n}.t 11;0, or
i n cont athe maighéts. In the absence of an external magnetic circuit (plot 31), a maximum force F2
is required to move the device to the “on” position. As F is less than F2, the device does
20  not move to the “on” position in the absence of an external magnet circuit. However, once
an external magnetic circuit is in place (plot 32), 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.

25 With reference again to figure 2, a biasing means which applies approximately 2
Newtons of force would not rotate the magnets into the on position when the switchable
 magnetic device is unloaded but would rotate the magnets to the on position once the
switchable magnetic device was placed within 0.1 mm, or in contact with an external
ferromagnetic article. In this embodiment the 2 Newtons of force of the biasing means

30  would cause the magnets to rest at a relative orientation of approximately 35° when the

switchable magnetic device is unloaded.



an external ferromagnetic material, the device automatically syt ?2%6
the on posd dfoesgzThus, the device of the first aspect of mAﬁzg

i nvention may be said to have an "automatic turn-on" feature. In the

apparatus of the first aspect of the present invention, the biasing neans
acts 10 to hold the actuation nmeans Hay fromthe fully off position. For
exanpl e, the biasing neans may apply ‘a force F as shown in Figure 3, which

bi ases the agfuation nmeans away, fro e . ihd aphen
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to nove to the "on" position reducf:es.to FI. As the force F provided by the
bi asi ng forep amsre thergisan erteropbmaghelic e i ce aut omatical |y moves to the

"on" position when an external magnetic cirguit, is conpl.eted. st h

ref dPence ag&on theod¢vieg ke operatg @i@%i%"?ﬁ?&rﬁémd@hﬂaﬁﬁy iugzis%gber %%r}{n%lt ely 2
Newt ons of. f o &v Sothiffn@ ddvReOfaPBs kédIThshen t he
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on posi trkRpfeRRESisttHggersdvivhem sl eatomed megheticiilh isdniserypislaced within 0.1 mm
or in contact with an external ferromagnetic article. In this enbodi nent
the 2 Newt On%igf%e BOK GiRusBhtek ik Riplisilg foreanm BOembndidentanfdbe entematignéli s to

r relati rien i on of r oXi .SW
est at a relative orientation of approxiatel .SSMnghg’swéchable

magnet | coufgiretion selyingoenidee injeynglfiectivn Ao 920156 The
enbodi nents in, accordance Wt e ' REsd $otQh thd1gsePr esent
i nvdAt i G et?‘aélgxlrcfeﬁ%ﬁwgéhe?nh@l %dlg%qg%‘rﬂg{ oérra’?% of f* feature in
whi ch 1 YLfiBriuAtb iR, 6l thit therdesiceid in donut evtheonabsemrymistityctocinr cui t
I's renoved, for exanple, E)yforcibly . ) .
external magnetic circuit, such as a ferromagnetic material. Plot B represents the repulsive

yotational force caused by magnetic repulsion between the magnets in this condition. In

this configuration there is a reverse force, W (Figure 4 A), acting to rotate the magnets to

20 the “off” orientation. The internal friction at 175° is shown at X. This frictional force
. resists 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 high permeability external magnetic

path is in place. If the external high permeability path is broken, the repulsive force

" between the magnets becomes that shown by Plot A, and the repulsive force becomes Y,

25  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.

While the friction line is shown in Figure 4 A 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 as inertia of the

30 magnei(s)) may also assist in retaining the device in the on position when in the presence

of an external magnetic circuit.



renoving the device froman external ferromagnetic material. | Q\?IQWQOOG
ternms thewp ¢gibsanatic-of f' feature is achieved by preventpdigafdfiigonet s
fromrotating into "fully on" position. This action may be expl ained with
reference to Figure 4 A, which is a plot of angular displacenent against
the relative force, together with Fi es 6 & 7. Plot A shows the force
for the case where there is no external magnetic circuit and Pl ot B shows
the force re there is an e BaL | [EC L &l devi ce
to operate in tHe 2atiEShBt P’@F%P’fyé%%?i@ﬁlt na%/aﬁtiol a?ggﬁ%g&’?%fﬁeﬁm friction

of the Qﬂ%ﬂaﬁ% laRhirik MEEHABRE Whichtwillyéeldivtdal thePiotah magyete vipplsiomynaye used.
The reset feature 1s triggered when the externalg@[mg%%ic Epath 1i ﬁ%ﬁ

i nt er r upeaded. Ongemebodiment|af guely alaich 18 gunilss te plagen'ar ped pprine Iopded 1: et
of the t opmat,i ¢ ..of . ' of | Bnl ditcefitd! anldr 4 glopiig of the
devi ce. ad#ﬂr cfhswétﬁ‘b%&e%gﬁ@lh@% fi%h&%% as%éu;r}r%gﬂt at _?he ded\slkiﬁce S ¥so\i/)vl tched on
to, $ay trallf edgel Tisesphing-loadedi lhtchanamgage with 4 8Gitaglearsicesseali the esitad
position, and that the device is in contact with or close proximty to an
xt er nalanghecpiapiator (e Ui76%) @R oMot partat ABn B HERIL Mgt el of Brgiier
represents the repul si r ' J _f RYntFBOe taufoniAie sl on

bet ween %r%‘sgcﬁgggawil%t?{hse%g’ﬁﬁn%?@?lgﬁ.c%%% aftEI | gﬁggnf ingurat iaon there is a
rever se dibfosce wild frogidirg: 4 nfyre predidiabde atchigg foree. t he magnets to 20 the "of f'
orientation. The internal friction at 175 is shown at X This frictional
force resisty hiifhdreRMHbOHMEnIBENahd Cinbeite, Vihe abwittimblu seagnitic f dévitd onal
force is greater than W the switch remins in,thﬁ_ %q?élg%go I tion as | ong as
t he 18i glingoeparetabi the t sutemelis m Toniaetnd: anpayipmALC-p . Preferahly 16 or nal
hi gh perneabilit th.i [ I | fod el ShVREn b idgnet s
becones aElTE”a’ilat"gF%%/\ﬁQ%\lje B %Fﬁﬂo&gt%git %ﬂ%erfg%u sg%%f/g)ff or@?sbecorres Y, 25 which

i S gr eat@fopidtiRrbiKfeafic @ siaflat to thzhef ¢itheaecsenamher third agpécieal thowessst t he
off position wuntil the repulsive magnetic force of Plot A and the
frictionavenflerce are in equilibriumat Z VWiile the friction line is shown

in Figure 4 A as a straight line, the friction force.my vga%/.with rotation
due to, eg, {hengfidiuentsfofithe fasaaspectiof thePraweghatveation e RASHE, MBI ween

t he magnets w.th position her C ' it | isnerti a
o e GRSt i % Bl Chek: BERLAED ilhideh bAY of Y silngsn Ol
posi ti onahedive RE@ms Fhaya incdadee nit apressagn @idans, cpneanpiatic MEMS,

tihe 1
03/ 019583 25 _23IyKZAY 2006 PCT/ AU02/ 01156 V\V‘Ie{,ﬂ? alar gaeb Qr {rore preci se
cont rol timetalis spring enindeedany othan sureble meaps, for appfying 2 biasing 1orce.

It 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
20 ‘preferably about 30° from the fully off position when no external magpetic circuit is

present.

Tn 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

25 . 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 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

30 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.
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formed by pole pieces 12 and 13. Cover 23 seals the top of the housing formed by pole
pieces 12, 13. Tt will be noted that boss 20 extends through an opening in top cover 23 and

20  that sealing member 24 assists in forming a water tight and dust proof seal around that

opening.
Tn one embodiment of the device shown in Figure 5A, 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
95  lower surfaces of respective pole pieces 12, 13. In another embodiment, the lower surface
of the device is provided by a lower cover (not shown).In either embodiment, it is
‘preferred that the device is substantially sealed, such that it is substantially waterproof and
dustproof. This enables the device to be used in harsh environments, such as dusty

environments, wet environments, or even fully submerged.

30 Tuming to Figure 6, which shows a switchable magnetic device in accordance with

‘the present invention, the basic device of Figure 6 is generally similar to that shown in
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switch the device to the on position.

The apparatus shown in Figure 6, the device may be provided with a stop member

20 33 located before 180°, say at 175°. The stop member 33 may be as simple as 2 projection
extending upwardly from the upper surface of the pole piece 12 of the device, which
engages with it 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

25  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 as described
above. While the low reluctance external path is in place, the internal friction may be
sufficient to hold the magnets in the switched on positioned, as discussed with reference to

Figure 4 A.

30 Tn an alternative version of this embodiment, the rotaiion of the lever 22 can be

permitted to go beyond 180° to a stop member (not shown) at, say 185°. When the lever
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Tn 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

20  mechanism as shown in Figure 8. The relevant forces are shown in Figure 4B. If the
~ required force to overcome the repulsive magnetic force exceeds the threshold shown in
Figure9 , 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

25  limiting device may act as a lost motion device allowing the lever fo continue turning, but

preventing transfer of the rotation to the movable magnet.

Figure 8 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. Tnner ring 40 contains a recess for receiving the pointed end of a piston 42. Outer ring

30 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
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50 and thus the glagnet does not rotate. Eventually, the turning ha:ndle may be rotated
sufficiently far such that the spring 50 is fully deformed (or compressed) and further

20  rotation of the turning handle 22 is translated into rotation of the magnet.

It will be appreciated that the force vs angular dispiacément diagrams shown in
" Figures 1A — 4B 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 Figures 1A to 4B are not necessarily correct and the actual

25 - shape of the curve may vary from that illustrated.

As described above, a switchable magnetic device as described herein and in the
above mentioned co-pending applications can be used in states intermediate between the
fully on and fully off positions. Figure 10 shows the analogue relationship between the
angle of rotation and the variation of the external magnetic field. The exact characteristics

30  of the curve depend on the way the magnets are magnetised in their physical shape as well
- as the shape of the poles (12, 13 of figure 5A). Variation of the ratio of the magnetic
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strength is lower but uniform around the perimeter.

Figure 5B shows an embodiment having oval-shape poles which maximises the

external field strength and assists in holding the device in place in incomplete magnetic

20 circuits. Incomplete magnetic circuits are met in practice when there is an air gap between
the bottor of the device and the surface to which it is to be attached, or where there isa

non-magnetic material interposed between the surface to which the device is attached and

the bottom of the device.

Preferably the poles are of the shortest possible length. The poles form part of the
25 magnetic circuit (along with the magnets) and have an inherent magnetic resistance
(“reluctance”) which results in loss of magnetic energy. Thus, minimising the length of the

poles minimises loss of magnetic energy and hence maximises the external field strength.

Embodiments of the present invention may be used as a switchable magnetic
holding device. For example, the device may be used to clasp onto surfaces, especially

30  metal surfaces. All sides of the switchable magnetic device can be utilised for attaching to
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to be at taacdesmﬁbednin mtmeplevtolue ce-pesding apylivatiogRETI AUORO e305athus mheemvenstett

bet ween the surface ich, the device is, attached t he. bottom of the
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f or migar tadinthdtBusly be made in a modular fashion. Thus the present invention additionally

relates to a modular construction for a switchable magnetic device and modules used in

such a device.

An embodiment of a switchable magnetic device having a modular construction
will now be described with reference to figure 18. The basis of the modular switchable
20 magnetic device 2000 is a switchable magnet device 2010 as described in comection with
figure 5A and as funther described in PCT/AU00/01505. Mounted on top of the switchable
magnet device 2010 module, from bottom to top, are the following modules: a rotation
limiting module 2020, a spring module 2030, an operation mode selection module 2040

and an actuator 2070,

25 The rotation limiting module 2020 is adapted to limit the rotation of the rotatable
magnet to a predetermined angular range. Such a rotation limiting module 2020 can
comprise a flat plaie with a slot or aperture that is adapted to receive a pin or stop
mounted on the top rotatable magnet of the switchable magnet device 2010. The slot is
sized and shaped such that the range of angular rotation of the rotatable magnet is limited

30 by the allowed travel of the pin or stop within the slot or aperture. The rotation limiting

' module 2020 may limit the range of angular rotation of the rotatable magnet to 180



25 magnetic circuit (along with the magnets) and have an inherent magnetic
resistance ("reluctance") which results in | oss of nagnetic energy. hYU%
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rel uctance pa bet ween the surface of the swi tchable nagnetic device and
the surf aB&E-p tioR 2p glesceibed abpvBed. As descri bed above the present

invention is based on a switchable magnetic device as described in our
previ ous co- peH spgingppPiwle 2036 imdidea OB GiE0Bving a sotatablé portion ansuntéthv e
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present idmdentiod moae Biabing Aedahy coupdddiohe kotaidbloPekoato BRI MEkdtoR Jrae 2
swi t chabl e .magneti ¢ devi ce and nodul es used in~ such a device. An

enbodi merfvighatie mgenehdpiie AP dhpes hresiring madulagan provdde antowetis twmewi on
wil | nowiﬁ&ggﬁg- i bed with-reference to figure 18. The basis of the nodul ar
swi tchabl'e rrlg%’hetic device 2000 is a swi tchable magnet device 2010 as

described in nnecti.on with . fj.qure 5 as further descrijbed j.n
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modull, fifiehiddaotuioo Buliéhst 2050, 2060 tyikich Uah B B RN RSl fhe’ AEhkeD gnl &M ting
u

modul e 2020, a spring nodul e 2030, an operation node sel ection nodul e 2040
automatic off functions of the switchable magnetic device 2010. The operation mode

selection module 2040 can be used with or without the rotation limiter module, and acts to
selectively limit the range of angular rotation of the rotatable magnet to certain
predetermined ranges which provide automatic off or “over centre” functionality. The
20 operation mode selection module 2040 may also be configured to interact with the spring
module to selectively allow tensioning of the bias means to above the threshold level to
activate the automatic-on mode. The operation mode selection module 2040 may also
include a locking means to lock the actuation means in a certain predetermined

orientations, such as the on or off positions.

25 The thus described modular construction allows for a great deal of flexibility in
manufacture. In particular, the switchable magnetic device may be produced in large
_numbers and appropriate module(s) added thereto, depending npon the described use of
‘the product. It will also be appreciated that modules with different functionality to those

described above may be used.

30  As will be appreciated by those skilled in the art, the features of the switchable
magnetic device described herein and in a co-pending applications PCT/AU0G0/01505 and



and an actuator 2070. 25 The rotation limting nodule 2020 is adapted to
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swi t chabl e magnetic device 2010. The operation nbde seléection nodul e 2040
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1040. The extent and permeability of any external magnetic circuit attached to the

collection tray 1000, either in the_ form of articles retained in the bowl 1010, or in the form

of a ferromagnetic surface on which the bow! is supported, will affect the magnetic ficld
generated by the switchable magretic device. In this regard, it is desirable that the

20  magnetic field available to hold the tray 1000 to the support surface 1050 is generally
independent of the thickness and magnetic properties of the support surface 1050. It is also
‘desirable that when the collection tray 1000 is turned on, that the maximum possible
magnetic field is available in the collection well 1030, and that when the magnetic field is
turned off that there is minimum residual magnetisation in the collection well 1030. A

25  coliection tray having these desirable magnetic quality can be achieved by providing the
high permeability shunt 1060 in the air gap 1061 between the collection well 1030 of the
‘bowl 1010, and the top surface of the switchable magnetic device 1040, and by providing

a second, larger air gap 1070 between the bottom surface of the switchable magnetic
device 1040 and the support surface 1050. The residual ﬁéld shunt 1060 should have as

30 low a reluctance as possible. Ideally, the size of the shunt 1060 and the material for the
shunt 1060 should chosen so as to be so small that any residual magnetic flux when the



activate the automatic-on node. The operation node sel ecti on nodul e 2040
may al so include a | ocking neans to |ock the actuation neans i rw
pr edet er m rwd o3/01958nt ati ons, such as the on or off 'positionf %ﬂ@
descri bed nodul ar construction allows for a great deal of flexi y in
manuf acture. In particular, the sw tchable magnetic device nay be produced

in |large nunbers and approprlate nodugg(s) added thereto, depending upon
t he described use of the product. It mnll al so be appreciated that nodul es
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magnedi c sivitchablamagritic idepicoloddie t&md cifaly @a gm0 dleldwilhin thecdl&éﬁoﬂ wellsed to
retain ferromagnetic articles in the collection well 1030 of the tray 1010.
Fi gure 11B3QRé0ke Hay dph%wwéndéﬁveasqﬁd%d%ﬂpnoﬁ iscielpsoto doreagastisedbei on
tray 15 100/ QerP%ﬁl be seen in Figure 11B the base 1020 incl udes a

swi t chabl’'e magretic device 1040. The extent and permeability of any

external magn it..attac t he ection tra eit I n
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magnetic fiel generated by the sw tchabl e magnetic device. In this

regatdl, magneficdayieaenerallyt fallnato two categories, namely those using switchable
permanent magnet to actuate a moveable locking element or the like, and those which use

magnetic attraction as a securing means. A number of embodiments of latches will now be
~described which utilise one or the other of these laiching mechanisms. Whilst these
exemplary embodiments will be described in connection with latching doors or windows it

20 is envisaged that these embodiments may be generally applicable to latching any

. moveable article, for example tool box lids, cupboard doors etc.

Figures 12A and 12B show schematic representations of a latching mechanism
using a switchable magnetic device to move a locking pin. The latch includes two
portions, the first portion 1200 which may be mounted within a door or the like, and the

25  second portion 1210 which may be mounted in the door jamb or other surface against
which the door closes. Clearly the portions 1200 and 1210 of the latch may be

interchangeably mounted in the door or door jamb.

The first portion 1200 of the locking device includes a switchable magnetic device
1220 baving an actuation member 1225 aitached thereto. The actuation member 1225 is
30  further attached to a handle or other means to allow movement of the actuation member

1225. Attached to the other side of the switchable magnetic device is a ferromagnetic
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wi |1 nowdigigned with that of the fixed permanent magnet 1240 mounted on the locking pin 1250.

The alignment of the magnetic fields of the permanent magnet 1240 and the switchable
magnetic device 1220 causes a repulsive force to be set up between the magnetic elements

20  which pushes the locking pin 1250 from the recess 1230 of the first component 1200, and
thus unlock the door.

As will be appreciated by those skilled in the art various alternative embodiments
based on a similar principle to the latch described above may be devised. One preferred
embodiment includes both the slideable locking member having the permanent magnet

25  and the switchable magnetic device in the door, and uses an attractive force created by the
© counter alignment of the magnetic fields to retract the locking pin fixed to the permanent
magnet into the door. In this embodiment locking can be achieved either through biasing

the locking pin into the locked position using a spring or the like, or by allowing the

permanent magnet to be attracted to ferromagnetic striking surface on the door jamb.

30 _ Figures 13A and 13 B show a second variation of a latch mechanism employing a

switchable magnetic device of the type described above. In this variation the latch 1300
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The door can now only be opened if sufficient force is applied to the laich to
separate the switchable magnetic device 1310 from the striker 1305, or by switching the
20  switchable magnetic device to the “off” position. Switching the switchable magnetic
device 1310 to the off position is achieved by turning th_e handle 1330, which is attached
to the actuation means 1320 of the switchable magnetic device1310.

Latches according to this embodiment are particularly suited to uses where privacy
rather than security is required, such as in internal doors in hospitals, aged care facilities or
25  the like. The ability to forcibly open the door without tools renders the latch particularly

suited for environments in which emergency access to a room is required.

As mentioned above a switchable magnetic device having an automatic-off facility
as described in relation to figure 7 can advantageously be used. This ensures that in an
situation where a door is forcibly unlatched the switchable magnetic device automatically

| .30 returns to a low magnetism state.
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descri bed above the sw tchabl e nmagnetic device with automatic-on creates a
device 1410 can be turned on and a magnetic circunit is set up between the intermediate

latching members 1430, end plate 1420 and the switchable magnetic device 1410, thus
holding the movable parts in a laiched position.

20 Referring now to Figures 19 and 20, which show a further latching or coupling
means in accordance with the present invention, In this embodiment the coupling 3100
comprises a first switchable magnetic device 3102 and a second switchable magnetic
device 3104. In Figure 19, both switchable magnetic devices 3102, 3104 are in an “on”
position. Moreover, it can be seen that devices 3102, 3104 are arranged such that when

25  they are in the “on” position, their respective north and south poles are in alignment. In
the configuration shown in Figure 19, the two magnetic devices 3102, 3104 repel each

other.

In the configuration shown in Figure 20, switchable magnetic device 3102 has been

switched to the “off” position so that it presents a relatively weak or insignificant external

30 magnetic field. As switchable magnetic devi.ce 3102 includes ferromagnetic material, it is
attracted to second switchable magnetic device 3104, which is still in the “on™ position.

Thus, the coupling 3100 can actively couple. Switching the switchable magnetic device
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i nt etredexcdoeplirytswiichaple maghatic dexizes descabed hereibso formed of ferromagnetic

material. In the unlatched position, as shown in figure 14A the sw tchable
magnet i ¢ devi AesifdliD prigcipalr tve theokfchafod doheertivy éyfeedoors can be used to lock

articles into a holder. The holder described in connection with figures 15A and 15B is

described as a cutlery holder, however as will be appreciated the holder can also be used to
hold non-ferromagnetic articles of relatively narrow thickness, and therefore should not be

20 viewed as being limited to holding ferromagnetic articles or cutlery.

An embodiment of a holder using a switchable magnetic device which is adapted to

hold cutlery will now be described in connection with Figures 15A and 15B. Unsecured

* cutlery can be a hazard in the kitchen, especially for children. However, previously known
means for locking knives or the like into knife blocks have been limited to mechanical

25  devices which are relatively limited in their application, in so far as, that they are generally
only able to lock specific sized knives in predetermined slots in a knife block. Figures 15A

and 15 B show a cutlery block incorporating a switchable magnetic device, which

~ overcomes many of the drawbacks of previously known cutlery blocks.

Figures 15A and 15 B show an exemplary cuflery block 1500 which is configured
30 to hold 4 knives 1505. Clearly a holder of the type described can be designed that wiil
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switchable magnetic devices 1515 define gaps into which the cutlery 1505 is inserted.

To lock cutlery in the block 1500 the two switchable magnetic devices 1515 are
turned on. This sets up a magnetic field which is conducted through a magnetic circuit
formed by the switchable magnetic devices 1515, slideable intermediate members 1520

20  and the engaged portions of the articles of cutlery 1505, which firmly holds the cuflery in
the block, clamped between the switchable magnetic devices 1505 and the intermediate
members. In a cutlery block of this type a number of additional magnetic circuits are set
up as the items being clamped are typically ferromagnetic. Magnetic circuits between
adjacent items of cuflery are also present which act to increase the clamping force on the

25  cutlery.

It is preferable that the actuation means of the two switchable magnetic devices
1515 are connected together in such a way that they can be turned on and off in concett.
As will be readily apparent the ends of the intermediate members can additionally be
contoured to suit particular articles of cutlery, such as sharpening steels or the like, in

30  order to produce the maximum holding force.
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allow release of the suction pressure. Preferably the same actuation means can be used to

turn off the switchable magnetic device 1720 and release the suction in the skirt 1710.

A switchable magnetic device having an aufomatic turn-on feature will be

20  particularly advantageous in the present embodiment. If such an swiichable magnetic
device is employed, the user can simply push the holder onto the surface to attach the
holder. The act of pushing the holder will evacuate the skirt to create a suction force, and

also to turn on the switchable magnetic device to generate the magnetic holding force.

Figure 17B shows an alternative embodiment of a holder 1701 similar to that

25 shown in figure 17A. Like parts have been like numbered. The only difference between
the two embodiments is the addition of a substantially rigid support shell 1740 in the
embodiment of figure 17B. The support shell can be made of a plastics material and be

used to provide added stability and prevent rocking of the holder which may cause
breaking of the seal between the skirt 1710 and the surface 1730. However, in a

30 particularly preferred embodiment the support shell includes at least two portions e.g.

1750 which are formed of ferromagnetic material, and which extend from a position
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nmount ed thléﬁ%nﬁﬁdyst atl Tkt one pair of swiichable magnetic device and a method for

controlling such a satellite will now be described in connection with figure 16.

The OCS dépicted in figure 16 includes three pairs 1610, 1620, 1630 of switchable

magnetic devices which are mounted to the satellite and controlled by the satellite’s

20 guidance system. Each of the pairs 1610, 1620, 1630 of switchable magnetic devices
interacts with the planet’s magnetosphere and is used to control the orientation of the
satellite in one plane and achieves this in a manner analogous to a compass needle. The
switchable magnetic devices 1610, 1620, 1630 are each rotatably mounted on the satellite

and are driven, by a drive means, in concert with its counterpart to choose the direction of

25  rotation of the satellite during reorientation. Each pair of switchable magnetic devices

control the orientation of the satellite in one plane.

When the switchable magnetic devices of one pair are turned on they will attempt
to align that axis of satellite with an external magnetic field. And when they are turned off
no further rotational motion will be applied o the satellite. Thus, by selectively varying the

30 alignment of the magnets of the switcﬁable magnetic devices between (and including) the
on and off positions, to change the external magnetic field generated, and by changing
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recover an astronaut during a space walk.

Further applications of switchable magnetic devices according to an embodiment

20 of the present invention may also be devised. For example one or more switchable
magnetic devices can be used to secure hose couplings during transfer of liquids or gasses.

In such an application a switchable magnetic device having an automatic-on feature is
particularly advantageous, as the person making the connection is not required to perform

any additional step to cause the magnetic securement to take place.

25 A switchable magnetic device can also be used as an electrical connection for
welding or the like. In use the magnet can be used to hold the work pieces being welded as
well as provide an electrical connection between the welder and the workpiece. Preferably
the housing which refains the magnets is additionally used to form the electrical
connection between the power source and the metal being welded. Advantageously a

30 switchable magnetic device using rare-carth magnets is employed in welding application.
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reor i ent adxicoml rigmbtipdicld plesentéd thdled switdhgblket inegmbtivideexe 2580t The ntagaet

i ti f th llite,i. | Wien._ t i t chabl. t]
Gev de' B3 Reoalid, SEHE end SbiSeR 1B, B4 toe STcaME matyeds Agvics TaE B < of
sat el | i t Qlighdd\siRA (R hdihe FRACRIHIS niaﬁgéetgé dicdt Wheed REXLGS %111}] gk{ﬁégéiacﬁf f no

further rofational nmotion will be app 1 o the satellite.” Th ]
sel ect i veltkeryEug, when the Gichpblg mmgnetiodevi¢reisia drecos pesfitiaththepistor B5H) 5

magneti c devi ce tween (.and jncl udi ng).the on and of f .positions, .to
Change + RUBEREET WP oA S DDA A B reckiRafilS B adbRig ARSI  0sss
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the orientation of a satellite in 3 dinensions can be altered. A
swi t dhabmeegnaiithdavices 2980 ibehavea ke springtoyseveably suppat depisien?etdi c field to
def | ect
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As described above the external field presented by the switchable magnetic device
magnetic device 2525 varies depending on the degree of alignment between the magnets
of the switchable magnetic device 2525. This variable external field can be used to vary
the level of repulsion between the magnets 2515 and the switchable magnetic device 2525,

20  and thms providing a tunable suspension system. By increasing the external field of the
switchable magnetic device the equilibrinm position of the piston 2510 is raised relative to
the cylinder 2520, and conversely by decreasing the external strength of the switchable
magnetic device 2525 the equilibrium position of the piston 2510 relative to the cylinder

2520 is lowered. The force required to force the piston 2510 toward the switchable
25  magnetic device 2525 also increases with increasing strength of the external field of the

switchable magnetic device.

In the preferred embodiments of the suspension system as described above the
piston 2510 includes a highly electrical conductive portion adjacent to its lower end. The
highly conductive portion can be made by copper or aluminium or other highly conductive

30 material. The highly conductive portion is provided to introduce a damping effect to the

suspension system. The highly conductive portion of the piston 2510 when moving within



el ectrically charged or magnetic particles. The degree of deflection can be
controlled by 5 varying the external magnetic field produced by, é v

swi t chabl ewmgi@abiss devi ce by changing the relative orient 5 thOB
magnets of the sw tchable nmagnetic device (as described in connec 'on with
figure 10). For exanple a magnetic field can be used to deflect charged
particles fromaround a space craft ofysatellite, in the same way as the
magnet osphere defl ects particles from 410 around the Earth. A switchable
magnet i Ctﬁiee eu% gr @8&{3‘4169 ﬂ]ieomli abis m!tr%ﬁ{lé qaite GR ¢ Fef teaed‘?l Afreffsaf t OF
satel lité and 7 e’ on Ion enerate a large xternal

magnet'i ¢ i gl eleonﬂmnlsr cohdhlictive tpertivmt oﬁlthé blsm\asng thdralyyyenhsingr4 danhping affect
magnetic particles to_ _deflect themfrom liding with the space craft. As
descri be @doessil H@%Gg@eﬁf@n%ﬁqml@ﬂé’@ﬁ@tﬁ@gdevi ce can be switched on
or off when required interference with 15 satellite or craft systems can

be mini ni sed. Asrividh b eprsecipied hydhose dalladcinatbe artnihig setneesige wyEen 280 3He
h
epaces t oRebef BPavetsh gl iyl beRlsBl e FlaBh 8 bof S GELARAES orC

wal k. Fuph&ghatRAhipied mess. of swi t chabl e nmagnetic devices according to an
enbodi nent 20 of the present invention nay al so be devised. For exanple

one or nore swikdaRis wﬁ@ﬁﬂﬁt $v¢1td11@ﬂl'ecﬁﬁgﬁéﬁ6 RRideSROutRdSRE R AgSeoff

couplings during transfer of liquids or gasses. In such an application a

Swi t chablpesitieny e megeps 2548 Mmtmomﬁheanlﬁma%ﬁ 19-ig rattrasiadutoethi Serrpmpgnegial ar | y

advant age r 0 |

per for m Patyperidh oaRaT B¢ RIS tdfelCORRED 2303 Da bt hftpiipa

pl ace) 2meoAustilbaiiall eirs@ghpssitiordevi ce can al so be used as an el ectrical
connection for welding or the like. In use the nagnet can be used to hold

the work piecag \ﬁﬁluegagﬁfécm Bethods bililab inthe ittdRe pAneinehf fb&Rt 26DAAgt i on
bet ween the wel der and the workpiece. Preferably ~the housing which retains

t he magnbe sem@eébauatsemm fwitchalld magnétin devidedogredds additionad Grabidity rthet ween
t he pover source and t nmet al we vant ageo chabl e
manet | o SHBGIRE Sy 70 BIuReR e ot AR s R B I it it

appl i cat hﬁ@netm&iﬂe%%% 48 @&nﬁﬁﬁﬁ@@@m@%ﬁ&%@lﬂé&vﬁﬂfableaaﬁgﬂmaagnet s
have high coercivity and therefore are wil| not demagnetise at_ the high

el ecl¥i cdevies endsperinpaeni megert 2Hdo mrave be dinferchanaer. aFyrghermore, it will be
appreciated by those skilled in the art that a suspension system employing one or more

switchable magnetic devices need not take the form of a piston and cylinder, and can
include any arrangement where relatively moveable members can have opposing magnetic

devices associated therewith.

20 Figures 22 and 23 show two arrangements for providing a variable braldﬁg device
using a switchable magnetic device. The arrangement shown in figure 22 and 23 rely on
the principle that eddy currents will be induced in a body of conductive material moving
relative to a magnetic field, and that these eddy currents will cause a braking effect in the
relatively moving bodies. The variability of the exiernal magnetic field provided by a

25 sﬁtchable magnetic device can advantageously be employed in an eddy current braking
device to provide variable strength braking.

Turning now to figure 22 which shows a disk 2210 which has switchable magnetic
device 2220 mounted adjacent to its side face. The disk 2210 is rotating in the direction of
arrow 2211 with respect to the switchable magnetic device 2220. The relative motion of

30 the disk 2210 and the switchable magnetic device 2220 will cause eddy currents in the
disk 2210 in the area 2230 adjacent to the switchable magnetic device when the switchable



Figure 21 shows a cutaway schematic view of a tunable suspension system
using a sw tchable nmagnetic device. The suspension system 2500

pi ston nouwedseusds 5 that it can reciprocate within a cyligdg %%
Mounted at the | ower end of the piston 2510 is a per manent magne

Mounted at the base of the cylinder 2520 is a switchable nmagnetic devi ce
2525 which includes an actuation neans 42530, that is adapted to change the
relative orientation of the rragnets of the switchable magnetic devi ce 2525

to vary t t I NB%S tic
devi ce 25‘%@6 ée(TerrrV]\gth%nleSt %%5 rr%unt eé%ﬁﬁ gﬂéér% 'Tﬁe%‘lﬁ‘g% n 2510 and the
SW t c[tabl mnmd tpnend h;::tbevthéetrafgﬁt D ofitles bmkmgrfeibesmnrl?etz:{aﬁasnﬂéag mmeaz?g thf{“lﬂ.bl e
nmagnetic vice.s tur on ey eac er 0 the
oo t ohabl ETAlE Alimmerta) e Hagnels of the siEEble Pafetdlenicei a0 2ady L

suspend Edex‘.%rhﬂ' adric CHENE PH&EnR8 ARcrdids. Po abiBadeOtht ARABAS ToHCE th ralfiEhedOWn

W t hi ntﬁet h§h cyl mftégr The rgt%ul ihéﬁ tt;lorce bet vveené,tégg pe]gngnentﬂg?ggft 2515
and t salignoieabd emﬁtgnetgn e ihle nagagidtsvice ckebadeneaseq(ie the
noveably su rt ton ﬁﬁ #As es r| bed above the external field
present eamﬁgf)? ‘E’ﬁa éﬁé’tf ROS magnetic device 2525 varies
O em%fsan‘c‘%tt ””’%Etags%ﬁé?“rﬁ%? P FEPHIOC BB CRREPYERAIS ¢ he
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050,103 SRS Bt sy hatag rhdicrioreriat; Theap e fienche Bried 2T habi <
nmagnetic ﬁ'ﬁﬁ%é‘@s&ﬁ%ﬁatﬁ&%cﬁ&mjﬁ@ktdﬁ@a@ﬁﬁk theodiambtel BEtHRI S1iRMer2310. medhat | ve
to the cylinde 2520 is lowered. The force required to force the piston

2510 t oweanghodimeent the éwstglu@lezmmjmedqvecedmoc@ﬂh grigog eddy pm@é%@egegm’mh

I ncr easi [ th of th xt

devi ce. rb%?’ﬁ ée %gé?ovﬁ%tfyg%% aﬁr‘lrga\fvg @t@u%e%éwqhﬁ g't s%‘ri bed
above t hgosipiot on 2510 includes a hi ghI y el ectrical conduct Ive port I on
adjacent to its |ower end. The highly conductive portion can be made by
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conductive portion s provided to introduce a danping effect to the
suspensi @328 yhet axpant ﬂiﬁ&emdéh cyrresntn A3 ¢andeporied amddhus the byakingnifeebamthehen
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As will be appreciated by those skilled in the art the variable braking principle

using a switchable magnetic device can include a plurality of switchable maguetic devices

- 20  mounted relative to a movable conductive member. Furthermore, the switchable magnetic
| * device can be arranged to move around a fixed conductive member to provide braking
affect on the switchable magnetic device. Furthermore, both the switchable magnetic

device(s) and the conductive member may be movable,

As will be appreciated by those skilled in the art the switchable magnetic device as

25  described herein can be advantageously employed in any application where a magnetic
field is desired, and in particular, may be employed where a magnetic field of variable
strength is desired. Accordingly, the present invention should be considered to extend to

all applications of a switchable magnetic device of any one of the embodiments described

herein.

30 Those skilled in the art will appreciate that the present invention may be

susceptible to variations and modifications other than those specifically described. It is to



the magnetic field presented by the sw tchable magnetic device wll create

eddy currents in the electrically conductive portion of the p
t her eby cauwiomg/easdanpi ng affect- on the oscillation of the e#&%ﬁ%ﬁﬁégﬁ 006
within the cylinder 2520. As will be appreciated by those SEI ed ' 1n"the
art the suspension system 2500 as 5 described above can advant ageously be
used in place of coil springs, and or draulic or pneumatic danping
means. Furthernore, when the sw tchable magnetic device is turned into the
fully off ot t t 1St 2 i act ed
to the fetr)er gﬁrrﬁaiglr‘l%ﬁac tﬁ%oﬁggg%%?eﬁgﬁ@?ﬁo%% ep&ss\?\ngstc absl(agzl ng&gr%goﬁ% éiir/i ce
2525 and maddiestidnseéha dslpevithindts spi} amdacet 0 | ock in a retracted position

As will be appreciated by those skilled in the art the pernmanent nagnet
2515 may be replaced by a second sw tchable magnetic device to provide
additional tunability to the suspension system and to prevent |ocking of
t he suspensi on when the other switchable mgnetic device is in the off
position. The relative positions of the switchable nagnetic 15 device and
per mmnent magnet 2515 may be interchanged. Furthernore, it wll be

appreci ated by those skilled in the art that a suspension system enpl oyi ng
one or nore swtchable magnetic devices need not take the formof a piston
and cylinder, and can include any arrangenent where relatively noveable
menbers can have opposing magnetic devices associated therewith. 20
Figures 22 and 23 show two arrangenents for providing a variable braking
device wusing a switchable magnetic device. The arrangenent shown in figure
22 and 23 rely on the principle that eddy currents will be induced in a
body of conductive material noving relative to a magnetic field, and that
t hese eddy currents will cause a braking effect in the relatively noving
bodi es. The variability of the external nagnetic field provided by a 25

swi t chabl e magneti c devi ce can advant ageously be enployed in an eddy
current braking device to provide variable strength braking. Turning now
to figure 22 which shows a disk 2210 whi ch has sw tchabl e magnetic device
2220 nmounted adjacent to its side face. The disk 2210 is rotating in the
direction of arrow 2211 with respect to the sw tchabl e nagnetic device
2220. The relative notion of 30 the disk 2210 and the sw tchable magnetic
device 2220 w Il cause eddy currents in the disk 2210 in the area 2230

adj acent to the switchable magnetic device when the sw tchable WO 03/019583
45




23 MAY 2006 PCT/ AU02/ 01156 nmagnetic device is presenting an external
magnetic field. The strength of the eddy currents, and hence PReRY oD
of the braking force can be increased by increasing the relative alignnent
of the magnets of the sw tchable nmagnetic device 2220 such that the
external magnetic field presented increasggs. To decrease the braking force
the relative 5 alignnent of the nagnets of the sw tchable magnetic device
2220 can be defiLAHd®d (ie the nmmgnets can be noved towards the off
position). Figure 23 shows an alternative arrangenent to provide braking
using switchable nagnetic device. In this enbodi nent the sw tchable

magneti ¢ devi cé 2320 sivchablentregnetic tbvioe af afié i KR incRRkY WhhdiRidgS dRgbl e i n
the directi onspérg,%égﬁtt bg arrows 2311 10 relatjve to the sw tchable
magnetic devi ce . 'ﬁ‘ﬂ%‘e \ﬁﬁe%ﬁi’%“ﬂ?&@ﬂféw@eaéw fst arybeeqosd pgrpanegbd such
that its pol esm2@ife dweirgnehoatied Swithi [ r | 4 In
this enbo$ ment the S\i/'mgt habl e nma ﬁgpigc%Wcse%3y%?v&ﬁ¥lﬁ%§ﬁ%§é%‘y
currents i r JYFYIRLS arsdeigiable refativi el aiiari halweerpa Tollywfe positien imwiticthabl e
magneti c devi GRe hérith Bnd SRS TR TeN is rving. th .gnment
of the magnets of then SW tcggglggﬁﬂrjggfﬁ%ﬁ%gﬁgé\gﬁé@ SB%%%HYW WEW{% t he
eddy current s SoYBOANGLAGHE polas irespectively ohile sdeend madgnegswihf et thenddvite

cyl i nder _2310p§;é;§é- e i ‘ ' .eciated by, those skilled in the
art the variable Btréaii\f%é&p iﬁ%‘#@%ﬁ@ﬁ%ﬁ%%@cﬁ%%ﬁ#&gﬂ& pesiipBvince can
i ncl ude a pl uidhichtthe oéritsand sull pelesafivetirst rMiRyicE8® pRiioRNbRkidrBbRlhve to a

the sw tchabl e magnetic evi ce can

novabl e cqQpducg r. Furthernopre, ]

be arranggg t%ﬁ%@eﬁ%%d” %ge?ﬂ{{%bﬂ‘?jlﬁ%qu%dﬁmFhf’cﬁﬁﬂﬁﬂd)mwmmhi ng

af fect on t hettmiitectevicereaanRes iﬁiatﬂ@lﬁéit%nﬁge%fe?ﬁh?r hEtic ﬁ&%,{hh%p%&%{jfhgbl e
er nay e. e

magnetic devj C"ﬁ@ e?nd t he conductive ne e nova
appreci ated b} B MepRyePperdivaly assematetwmith loablos bothgofdhé drstlend ce as

25 descri bed ' , in.a application where
a magnetic f%%bgﬂ mégggtg iq§e , "tﬁ%ﬁé‘l?ﬁ%@ﬁﬁp@@f é%&%eﬁseﬁéﬁﬁf&?e@ﬁmr e a
magnet i c fi el RPSEPMY @ndapherelrs tplasingt tsaids ddeise rerd. orAIC efcdieNBroximityn g0 R4 esent

I nventio hi ’ | dto.extend to all a i cations of a

SW tchablnrleﬁc mqg}ﬁlgrp?@egng\?rfd ééej'%?)?a%ﬁ? ﬂi%érsgz,m{{ %ﬂ@%ﬁwﬁ%ﬁ? botifede @irelalive her ei n.
30 Those ski ldriedtation sheh dret tha Heviep preeht 8 rblaiNely BPordy B8R | gﬁ@ﬁd on may
be susc’epti.lﬁl to variations and nodifications other "t han tLos

specifical |y d&cribed. It is to

2, A sw_itchable magnetic device as claimed in claim 1 wherein in uée, when

said device is on or in close proximity fo a ferromagnetic material the force

20 required to cause reiative rotation of the flrst and second magnets towards the

fully on position is within a first predetermined force range, and when sald device

s notin contact with or in close proximity to a femomagnetic material the force
required o cause relative rotation of the first and second magnets toward the fully' :

on positipn is within a second predetermined force range, said second
. 25 predetermined force range having a higher peak force than said first

predetermined force range, and wherein sald bias means applies a rotational

force fo bias the relative rotation of said magnets towards the fully on position

with & force exceeding the peak force of the first predetermined force rangs, but

less than the peak force of the second predetsrmined force range, thereby

30 causing the magnets o automatically rotate toward the fully on position when the

' device Is on or in close proximity to a fémmagnetic material. |



WO 03/019583 46 23 MAY 2006 PCT/ AU02/ 01156 be understood that the present

i nvention enconpasses all such variations and nodifications tagtMpayy 2006
withinits spirit and scope 23 MAY 2006 47 CLAIMS: 1. A switchable magnetic
device of the kind including a housing, a first permanent nmagnet, a second
per manent magnet, the first and second pegmanent nagnets bei ng nount ed
within the housing such that the first and second 5 magnets are rotatable

relative to eadh otAhdeviceoas waipmedain'daih! Wo@léin@%&i&ﬂtﬂ%i&@]h@%ﬁé‘% {0{ ':1 2

and sout h pol e%’“?'é the first nagnet are in substanti al I gnfrent Wt
south and nortHh pol es respectively of the second nmagnet such that the

device presents a relatively weak external magnetic field, and a "fully
on" position i [ nar. ng,_sout oles of the first nagnet are
posi ti oned sub{:]t a\rllvf&\i %‘P’F"?)Qﬁ'ﬁ %bﬁ?t%gﬁ%'fﬁ oftilviﬂF% kideinplgding arheusivg: B 8t es
respectivel y dfermarent emgnet, awgosid sertlanerithfignbh tedki £&1 chﬁﬁ@?%:ﬁ'{aﬁ nt .
relativelystron xt.er nal netic field, characterised 1n a gl asi ng
means are (??)_err%qqg\? ée'ﬂgsﬁeﬁﬁg%d”‘m“@ Hh%rm‘u@ﬂgtﬂlﬁh bt tthee firstr and sacbndsecond
00T L1 o, and wher e b aaR rERU oyef bR R B B IR b, a1

position, and wherein placing sal
f erromagnet i c ke and sontiseales aktheifire thagnet are imsubstargiabaliyntrent wittethe to a

relative ori t C evi.ce presents re ively, strong
ext er nal rragngﬁtg d"?ﬁﬂ_@é§%sg§m&ﬁg&a%‘:t§eﬁ§ W@Q'Ef%\ﬁ"@ba%%t ’Sﬁzﬂ%@ in
clai m 1 wher epigseits ysslativblyrweata extorhay egnétc fisld Ofind B 'FUIRSELPEctioRithY tO a

ired to cause relative rotation of

f [ | 20
the 117 ot TnaiEh Bic Mt ot o Solpeef B st laonst €5a PRBSPResHbEE Rl n_n
first predet eslignmedt witit the riodnGmd sa0th MY YeSRe vl ¥t §@ siejrc]:énq‘gltrag}éé‘r sngpt act

with or in doE‘eR/@rr%xi,rnt to a ferromagnetic materi al required
to cause rel AP AE° F8YISE PEFenis & rlatively sfroag axtemebmagnelisfald, dhareatedisethe ful |y

P efieter m neq ik eau o Abier B1AAS it o Hobdhe B g Blinfsiiar © *°
relative rotation of the magnets.

15 5. A device as claimed in claim 4, wherein said rotation limiting means
permits relative rotation of the magnets between a deactivated state in which the
north and south poles of the first magnet are most closely aligned with the south
and north poles respectively of the second magnet such that the devica presents
a refafively weak external magnetic field, and an activated position in which the

20 north and south poles of the first magnet are positioned approximaiely in
alignment with the north and south poles respectively of the second magnet such
 that the device presents a relatively sfrong external magnstic field.

8. Adevice as claimed in claim 5, wherein in the deaciivated state the angle
_ of misafignment of the north and south poles of the first magnet and the south
| 25 and north poles respecively of the second magnet is 50 degrees or |ess,

- 7. A device as claimed in either claim 5 or 8, wherein in the deactivated state
the angle of misafignment of the north and south poles of the first magnet and the
south a_nd north _poles respectively of the second magnet is 30 degrees or less.



predeterm ned force range, and wherein said bias neans applies a rotational
force to bias the relative rotation of said magnets towards thp3fjaly 2006
position wth a force exceeding the peak force of the first predeterm ned
force range, but less than the peak force of the second predeterm ned
force range, thereby 30 causing the magnejgs to automatically rotate toward
the fully on position when the device Is on or in close proximty to a

ferromagneti c &at e @dvicelss : i i in..cl,aiml or
claim 2 wherein the biasi ng%gﬁ?p?r%@"eg%fﬁﬁ"ﬂg& tﬁ?’ ﬁﬁ%&}ﬂf‘bﬁ@%ﬂﬁ%ﬁ%ﬁi“ c
devi ce of the BH§ANG Mapwels Atp i afylicoffppsitiont i rst  per manent nagnet, a second
per manent nmagnet, the first and second permanent 5 magnets bei ng nount ed

wi thin the hOL{gSi ng,such that the first and second nmagnets are rotatable
relative to eath ofHi8Vice s Gaimeddn anyong obelimsms ite Bowhimeinuni thé acivatednor t h
and sout h pol atatefthtRaak i I i alj.gnpent with the
south and north pol es ?Fg'sdfﬁ!ts?’f@gﬁ%h%?ﬁﬁﬁgﬂgg%gﬁga%dﬂdﬁs éﬁJﬂ%%eﬁg{agpﬁ

devi ce pr &sefd e it and sputh pelgk respectivelyl ofithgsetond hagned is lasslinan"1sul | y
on" position igagk@swhich the north and south- poles of the first nmagnet are
posi ti oned subs?anti ally in alignment wwth the north and south pol es
respectively of the second nagnet such that the device presents a

relatively strgng pacTela gl i , racterised .ln that said
device further i ncfggggé]ragtcatl onH %"rgérf‘én% ?@&%ﬁoﬁl‘?ﬂﬁr‘?’nt’% of the
relative rot abfis the angie ofreipalignment Bf he WoriteatidcSoulls pelediof B firsk !ﬁh@ié@ 4,

t he

wherein said i | L L ans erm.ts relative rotation o

magnet s bet V\/eéelﬁlmg&gggl&? Wg{’%’fﬂ%g{égg%sqeﬁﬁ | fihe sreond Bragretin @PRERINRIIY| es of
t he first1®magHkdegress.nost closely aligned with the south and north poles
respectively of the second magnet such that the device presents a
relatively weak external magnetic field, and an activated position in which

the 20 north Hnd Adleviverss! ckimed in bey bhg 6t clAREEhH 1, GRS i A8 $tivated
approxi mat el y,,i.n haI| nrirent W t he north and south poles respecal vel y of
t he second ma%g ' E?W&i"flﬁguﬁiwfﬁ@'%"esents a relatively strong
external magnetic field. 6. A device as clained in claimb5, wherein in the

deactivated shate,the. angl e . of .nisalignment of the north and south pol es
of the fi rsts'rbr'agn%td?*gﬁﬂ %%h‘gﬂ'gt‘?dt‘ﬂ a”ﬁf?"grﬁf Gimeif fol bswhaseipessid waiorof t he

second magnelimiting SReatedinie She FelkiReSotation of the magnets to less than or aqual to
16 180 degrees.

13, A deviee as claimed in any one of claims 4 to 10 and 12, wherein the
rotation limiting means prevent said magnets from reaching the "fully on" position.

14. A device as claimed in any one of claims 4 to 11 and 13, whereln the
_ rotation limiting means allow the relative rotation of the magnets fo an extent
20 grester than 180 degrees.

15, A device as claimed in any one of claims 5 o 10 and 14, wherein the
rotation limiting means allows relative rotation of the magnets to an orientation
past the "fully on" position.

B 16. A device as claimed in any one of claims 5 to 15 wherein in use when
25 | device is on or in close proximity io ferromagnetic material the magnets are .
- retained in the activated posttion by a retaining force. | o



7. A device as clainmed in either claim5 or 6, wherein in the deactivated
state the angle of msalignnent of the north and south pol es 2§ Nagy Docs
magnet and the south and north poles respectively of the second magnet is
30 degrees or less. 23 MAY 2006 49 8. A device as clained in any one of
clainms 5 to 7, wherein in the deactivated% state the magnets are in a fully
off position. 9. A device as clained in a({/ one of clains 5 to 8, wherein

inth tivat e, ! ' ' {10 hnbre t i of
in the activat ¢y, <A abfice &@&aﬁﬁ;ﬁgﬂ%gﬂa? 'ﬁ%ﬂ*ﬁ%ﬁ;@@ \{)@é’)ptgg S;uof

poles of the fjrst nagnet 5 anc
the second rmagifein piinjclase prodmity o adempreagnetit Onatdvial evirstefore i€ ratiulred hn any
tate, the angle of

one of clains i e ctiyvated
m sal i gnment o%t%[.ﬁg% nor timhégﬁ'{i\%?%gﬁ:%%hogf a?%&’?"f”i‘ pafl deyige i ot g glosee
north and sout®oBlkEde ademernagnetic ynatéridl besseond RACSTRERALr then HRPIOXhLARL el Y

10 10 degregs.ij51d uﬁ‘Aéddﬁ'xVir&% a!ﬁ cl ai %lg any, one of clains 5 to 10,”
wherein in the activa od P8 Pagn dhebe Ssfivated, ppgition, L.and, wharerodia i on.
12. A devi ce astaiting freck appladyto difd Be FlsBhdls i éﬁh[?g 0 iSal tation
limting msanig%{g?’t téhe relative rotat ?gﬁﬁéﬁtﬁig&#&%ne sSﬁiog '??sﬂgat%'ﬁan or
equal to 15 (?gﬁ%’ aroe Pyt less daan e sgsond frore tharebysalipwingethe fmagnetsts 4 t o
10 and 12, whds eautorbdiieally Gbiatd 4Nk i nets from
reaching the "ful‘}fy on’ }E)osi‘jt i glwérq?‘EAa%ecﬁ%géa@S@?Sﬁ%%ﬁlﬁe “Gn€ of
claims 4 to 1IeMeEdiiom gvegsiion i wentagtovith boim ¢ivse piorigniyaa asferbinandtiae
relative HQt akisuhpf the nmagnets to an extent 20 greater than 180 degrees.
15. A device as clained in any one of clains 5 to 10 and 14, wherein the
rotation limting neans allows relative rotation of the magnets to an

orientation past A Revic (RYENaTgH jtion, ,16. deyice as clained in any
one of claims, 5 to 15 I? g% g?éﬁﬁéhnmﬂ@ %eeﬂf C'%'glsd@@%i% i@eEﬁmH}e ISiaiRiNgs e
proximty to fémeéﬁﬁ(fmlgnfnm@. material the magnets are retained in the

activated position by a retaining force. 23 MAY 2006 50

19. A device as claimed in any one of claims 5 fo 18 which further Includes
reention means configured to apply a retaining force to retain the magnels in the

15 activated position when the device is in contact with or in close proximity fo a
ferromagnetic material.

20. A device as claimed in claims 18 whersin the retention means includes g
latch means which yields at a predstermined force Jess than the second fofce but
greater than the first force.

20  21. A switchable magnetic device of the kind includ'ing 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, betwaen a “fully off position in which

the north and south poles of the first magnet are in substantial alignment with the

25 south and north poles respectively of the second magnet such that the device
-presents a relatively weak external magnetic field, and a "fully on"™ position in
‘which the north and south poles of the first magnet are positionad substantially in
alignment with the north and south poles respectively of the second magnet such

| that the device presents a relatively sirong external magnetic fleld, characterised
80 in that relative rotation of the first and second magnefs is limited such that said



17, A device as clainmed in any one of clains 5 to 16 wherein when the
device is on or in close proximty to a ferromagnetic materi ap3aiay 2006
force is required to retain the magnets in the activated position, and
when said device is not in-close proximty to a ferronagnetic material a
second force, greater than the first forg 5is required to retain the
magnets in the activated position, and wherein the retaining force -applied

for e but hfeg‘g‘g{“%‘;?si“ﬁitfi‘??ﬁ%’ ool 08 Jul R FBRSE mut rR beE ahi ™

aut omat i cal |y PR &MagsRis @nhecotaied ta 9 aresitenoiict irelatisheriontdtion devh @R S

removed from athaogdrt ' | r | |l ose, proximty to a
ferromagnetic 10 mat'gt?ki{ gﬁﬁ%mﬁibam% gh:@?&gég@lﬁgﬁﬁeﬁio ﬂygwg, r@ﬁé’oﬁ'!"ettﬁﬁéi ms 16
or 17 wherei n #ligecy &ithirmspegtive oeute sind saufty peies oNtHe0sBnd hgnlt 6eH Bt as

cl ai med i n gny, Al to 18 which further includes retention
nmeans conf i%urse ?gﬂg%%?;@ Pg%ﬁgisagrﬂe%&w&sésﬂs@#@é@%imaqneacrfm@m@né gaid t he 15
activated posidevise auiematically deitdine ioSaigiatéQ;Jﬁgaegtfhgviet,%n% ,h{igﬁgﬁgsr%&pq oximty
to a ferrorragﬁjggiiyrrateré%lg. 38 A device as clainmed in clalns erein
the retention neane YR WeRitsald dpvics fs emeved pmaenipctdremaved fipmedeszer ni ned
force | ess th@m}ﬁm‘@ﬁ@nmmg}m@%eﬁgg@%&[ than the first force. 20 21.

A swi tchabl e magnetic device of the kind including a housing, a first -

per mmnent magnet, a second permanent magnet, the first and second pernanent
magnet s bei ng2Bounk eldvins tasi dlaitiag AKSITNGT SHHbel | g3t second
magnet s aﬁﬁ %@%&bl relative to each other, I@@?\t}\]g%n%aek"qﬁlqé;}%%f%m
position i e fpseapraxisdiyt te $ Sereunagnetit eateriab theamgattsaire | n
substanti al afdtgReERtha\breRetbBneP rekfive B - ales . respectively of the
second nmagnet such tha%,\pthe decig(ge p%g’é'gﬁ*?*s'&’g‘%reg?@o%wc%ak ext er nal
magnetic field, and a "fully on" position in which the north and south

pol es of the #3.rsiA gagieh | L nt4 ally i alignment with
the north and sputh pol ef%ﬁ%g‘gﬁ %gﬁﬁféfﬁ%ﬁ%e%t% %ﬂﬁ%‘?"’sﬂgﬁwﬁat t he
devi ce preserflé¥icg iFdrapr TeFkpse toraxigiteto er femonmapets imetdiiak boiirse Raea s er i sed

Sbeh " hoe s SRR N s Bl 0k bl itsd ol Phcactrame 1 ui 1y
on posi tilén aid devics isinobin dose proximity to a ferromagnetic material a second force,
greater than the first force, Is required to retain the meagnets in the predetermined
relative orientation, and wherein the refaining force applied to is greater than the
first force but Jess than the second force, thereby allowing the magnets fo
automatically rotate toward the fully off position when the device is removed from
20  a position in contact with, or n close proximity to a ferromagnetic material.

. 24. . A device as claimed in any one of claims 21 to 23 wherein the retaining
- force is a friction force.

25. A device as claimed in any one of claims 21 to 24 which further includes
refention means configured to apply a retaining force to retain the magnets in the

25 predetermined relative orientation when the davice is in contact with, or in close
proximity to, a ferromagnetic material.

26, A device as cleimed In claims 25 wherein the retention means includes g
latch means which yields at a predetennined force less than the second force but

greater than the first force.



second magnets can be rotated to a predetermined relative orientation such
that the north and south poles of the first magnet are cl osel 23AVNP006
conpletely aligned with respective north and south pol es of the second
magnet such that 5 said device still presents a relatively strong external
magnetic field and said device automatigally switches to a state where the
external magnetic field is TrTelatively weak when said device is renoved

from contact o#7.r edoeeiichablenmgast devieXidhithy e fHRIHE L NRbush LORRENEt i C
material. 22. H‘%%{ﬁg"&%%ﬁfl ainmed. In claim?2l wherein i'n use én

device is in €0 » BrPegend pemanent raagnet, ine frst anchsdoond pesmanent ¢

mat eri al the nmagrets belng moabiad NeEhiH! det&r m relative
orientation by _a retai Frrl]ign force. @gmh%h‘?e@{ngege@ Eﬂagielﬂn%dﬁ%tn%g‘%few of
clainms 21 or 22°9fL AP AVGIREIe efaive froachoother hetwesan 4 Yullyl ofé pogitisrxinviliish to a
f err omagnetd c ih@heti s | | | T, to retain th nets in
the predetermned rel zﬁﬁ%ﬂ g?’,és‘éEfgﬁéﬁiﬁt%%’?%gﬁgﬂ@?@‘ﬁﬁabgl@meggwﬁ ot in
cl ose proxi ni SPUNAN Rty poteg respiectivelyt ef thal sceomt Rl Qickehat Becddvil t han

the first for ; retain the ts in the predeterm ned
relative ori e%fe ?ste b%n% %ﬁ’%‘é’%@f ﬁ%eH@T %@Pﬁ?ﬂ%gf 8t @ HWM prigpesifionsingr eat er
than the fir whichdherorthuand sash pﬂamottheﬁﬁe@ﬁﬂpﬁ?t{ %g;;gaiﬁgngd g@g%@%ng t he

magnets to ays | rotate toward the y f position t he
device is rerrg%%k @ﬁtnl' hédw rﬁ%ﬁqmpﬁﬂﬂs tespedively of the, saspnd maghetsseich

proxi mty1@o thaf therdeniegneisehis @ EQathal ' i ped. in,.any one
of clains 21 to 23 \/\/{L_gre@ﬁ t he I;&g?ﬁg?'nylSﬁ‘gﬂgfgtﬁggyhgﬁg%r@é@lﬁ W@n 25. A
devi ce as cl aHEY PPMGHIFdoRec@HsecTalative matianooR2 thewiirist and Lsdcbied matpletedes

retention meaghrsfsHst L Qi for to retai he magnet s
in the 25 pre eterrn'Slrg]gglr tﬁe Etéaﬁtii g@%%@ﬂ%ﬁﬁ%ﬂ”%éﬁqxﬁe B‘é@?’&é‘aﬁgeftpﬁn%ont act
V\1th, : dolr inI thesstuafieromenns {5 ?]muatad imﬁgmmdffan@%t@ghﬁhagﬁelﬁic cﬁﬁlﬂ@vi ce as
clainmed In clgi ke the.retentipn means includes a |atch neans
whi ch yi el ds ‘%‘H%fe%fé eV JABT o Sk hachels, owd sl portioncleving:.
greater t1%an sufiielef yisid sframatie to %dﬂh‘ﬁaﬁﬁ%i?&ef@%aﬁén Wﬁﬁ%gﬁ%ﬁoﬂ"&%ﬁt ' e

er

devi ce of the gi Ed I ncl udi_ng a housing, a first manent magnet,” a second

per nenent ma Hon means Ip &1e pipgence S 58 eptemeh megoeticmigulét s bei ng nount ed

within the housing such that the first and second .

28. . A device as claimed in claim 27 wherein said flexible portion is a spring
~ link.

28. A device as claimed in efther claim 27 or28 wherein said fiexible portion
20 can be deformed 1o a maximum extent, after which continued actuation of the
actuation means causes relative rotation of the magnets.

30. A device as claimed in any one of claims 1 to 26 which further includes
actuation means for causing relative rotation of the first and second magnets,

31. A device as claimed in'any one of the preceding ¢laims wherein the first
25  and second magnets are substantially dise-shaped.

32. A device as claimed In any cne of the preceding claims wherein the first
and second magnets are mounted in the housing such that a face of the first
: mggnet is opposed io the face of the second magnef, -



magnets are rotatable relative to each other between a "fully off position

in which 5.the north and south poles of the first nmagnet are |a33ypst 2uoa!
alignnment with the south and north poles respectively of the second nagnet
such that the device presents a relatively weak external nmagnetic field,
and a "fully on" position in which the ggrth and south poles of the first
magnet, are positioned substantially in alignment with the north and south

pol es respect 38l yAodevidee as addlimed t thal Vi resents a
relatively stron ﬁﬁferaal magn giq?%fh?e?ﬁjsgﬁ%ogct ugpégﬂaiﬁ'ﬁe‘gﬁe?e@o‘ﬁ}q gur ed
to cause rel atTRECHETGAY shoyred in the hotiging ead thecotheymegaet is ablertacdtate sed i n
t hat sai d act watinghe Jincludes a flexible portion that deforms if the
actuation neans |Is actuated in the absence of an external nagnetic circuit

to thereby linit relative rotation of said magnets, said flexible portion

having 15 suf Bdci emtdeyics! &k &rairﬁéwfirhcfaﬁn%%b%ér%w #d %tr?eYQhéjq;%‘?g%?@%@ig?ﬂm

during actyation of said actuation neans In the presenc
magneti ¢ cPrcHIPUENIB0 1o\ vaay theedescecirome dtaten haviag m RTativbigr stiong Sxiaingll exi bl e

portion is a " i ink, . V] s clained jn either claim27 or28
wherein said fﬁﬁagﬁﬁglﬁgidptg%tslt%% hagggggar%@ﬁ\ée%%?g%"?bﬂagqﬂ‘?%ﬁ@m ext ent,
after which continued actuation of the actuation neans causes rel ative
rotation of tig ; Opt3ifn o ChE NI cleaj in.any,one qof clajns 1 to
26 whi ch further nﬁgléﬁ%eegé %Igrlﬁ’uegt %Ho%ﬁyrrgéﬁsdf%gﬁﬁ%'%%m%twq\?@“? Feti on of
the first andi®Eesempesgsdwe. poBipledesdevi ce as claimed in any one of the
preceding clainms wherein the first 25, and second nmagnets are

substantially, disc-shaped. 32. A device as clainmed In any one of the
preceding cl aifms eievisp st tlaintediig tany and of elatms 1 e Bdewhereinethamisnsiagl g n t he

housi ng spch f ir magnet. i s sed to the face of the
second mgnetr‘?ak%asﬁﬁ&ﬁ%%@nﬁgugg OA%%W%!@&]%E@&?&?&E@G*‘Q any one of the
preceding clains wherein one magnet Is fixedly nmounted in the housing and
the other nagpet A gah : Wit BN the housing.. 34, A device as
claimed in claim 336\,\%?@%%"[‘%%%@ 'E‘\rl\é‘i%‘?‘f?ﬁ’%’“é’ HoparSe ¢ & heysing faye180 t o
vary the devresiticed enensetiona dnee suh thatitied RotskRY actShs ARTpRSHETHDRL, NMagnetic
field to a state having a rel atively weak external magnetic fpi el d.

38. A device as claimed in claim 36 wherein portions of the housing are
treated such that the poriions become non-magnetic to thersby result in the
15 housing acting as two passive poles.

-38. A device as claimed In any one of the preceding claims wherein the
- housing defines a chamber in which the first and second magnets ara mounted.

40. A device as claimed in claim 39 wherein the chamber has open ends.

o 4. A device as claimed in claim 40 wherein one or more chamber closing
.20 means close ohe or more open ends of the chamber.

42. A device as defined in claim 40 or claim 41 wherein a lowermost of the
magnet and the second magnet closes a lower end of the chamber.

43.  Adevice as claimed in claim 39 wherein the chamber has closed ends.



35. A device as clainmed in any one of the preceding clains wherein the

housi ng conprises two pole pieces. 36. A device as clained in a
claifins | to $4 wherein the housing is 10 nade as a unitary cong‘?fmiyooéogﬁ

froma single piece of material. 37. A device as clainmed in claim 36
wherein two portions of the housing have g4 educed cross sectional area such
that the housing acts as two passive poles. 38. A device as clained in

cl ai m 36 wher eifft- poktdavive ad cldrmed awisinpGrar r :
f R el fRbRanG Yt lordfi 3t ng s

portions beco 2 tic to thereby result in |

two passive po 8@&5%%.;&%‘%&%%9«5"33%”%% ingeRy lovmagnetiselugiingehe pr ecedi ng
clains wherein the housing defines a chanber in which the first and second
magnets are noygte vice.as clainmed in claim39 wherein the
chanber has open e%gé‘gﬁﬁésiﬁad@%&c@@ gﬂé?hﬁ%@!ﬂithewuﬁlﬁﬂlﬂ)ﬁmﬁérf@imsﬁne or
nore chanber cﬁ'fésli.n@tzmrﬂmam cl ose one or nore open ends of the chanber.
42. A device as defined in claim40 or claim4l wherein a | owernost of the

magnet and t he second nagnet closes a |lower end of the chanber. 43. A

devi ce as c¥ai4fed Ardayicai as Qe & aiyord & ciBERS or RBSvHR! ﬁg'ﬁ%dﬁ' 3 MAY
2006 54 44. Aﬂf@%ﬁ%fe%{tﬁ cl al nﬁg in any one of the preceding cla wherein
the. housing i's nade f 5% e 9iamal MagReliclialdw magnetic rel uct ance. 45.
A device as clainmed in claim44 wherein the housing is made from soft

steel, iron or7per : deyi ce,as clainmed in any one of clains 45
or 46 wherein 4tTge g‘caﬁégﬁ%i aesggéﬁneéfh@ @%ﬁ’b&@'mcﬂ%ﬁ&ﬂﬁi%@wlﬁd @xiolesnate ofagnet i c
field. 47. A d@vimge lasgihl ai ned in either claim45 or 46 wherein the poles

are of mninumlength. 48. A device as clainmed in any one of the preceding
clainms wherein the 10 actuation neans includes a handl e or knob connected

to one of the*fagrfetdovicans slatiead ireanp onbadime bracsdidh BeRs WHRLSH Tnd he
handl e °r15”°90ﬂr;§tioﬁ%‘éb§§tiﬁci L0 108 of the nmagnets via one or nore

i nt er medi at e nmenbers. Indluces,p handisor kpal fRrmerigdde one of ik aiagnd®. or cl ai m
49 wherein the handle conprises a torque sensitive |ever that does not
allowat 9r AU, | N A&t aPllathed in claim 48 whereln the handle or knob Is connected

1o one of the magnets via one or more intermediate members.

30. A device as clalmed in either claim 48 or claim 49 wherein the handle
comprises a torque sensitive lever that does not allow &8 forque in excess of a
15 predetermined amount to be applied fo the ona magnet,

51, A device as claimed in any one of claims 48 to 50 In which the actuaﬁ.on

| _rneans is actuated manually, electrically, pneumatically, hydraulically or by the
action of expansion of a bimetallic atrip.

52. A device as claimed in any one of the preceding claims wherein the first-
20 and second magnets comprise rare earth fype magnets.

| 53. A device as claimed in any one of the praceding claims further including a
- child-proof lock or child-pmof caich fype arrangement in the actuation means

such that some exira manipulation by a user is required before the magnets can
be rotated. | | '



15 predeterm ned anount to be applied to the one magnet. 51. A device as
claimed in any one of clains 48 to 50 In which the actuation maf@ ‘lﬁsY

act tlated nmanual ly, electrically, pneumatically, hydraulically or 3" 22006
action of expansion of a binetallic strip. 52. A device as clainmed in any
one of the preceding clains wherein the fggst 20 and second nagnets )
conprise rare earth txpg magnets. 53. A device as clained in any one of the

precedi ng cl ai - f uftdeyiceiasotiaittied dn any ohé lofltHer SibediRs Kafts fWich PRl cat ch
type arrangener}ﬁ%ﬁn@té n?%t%:iﬁltlon a&;@,s such that sone extra nanipulation
by a user is required be Effaer néﬂ e ahantisiociyise disectionelative ZobE 55
54. A devi ce asectrr maghaiin iy one of the preceding clainms in which the
first magnet- can rotate in either a clockwi se or anticlockw se direction
relative to the second nmagnet in use. 55. A device as clainmed in any one

of the precedi &8 clAidmece aswhaimdd ichany driesér the pﬁé?uédﬁﬁf%{lﬁl,s W%ﬁ:hstpgrﬁf‘str are

earth magnegs [ |lipdrical in shape and are anetrical
magnet i sed. 5S LARkednd uﬁe}/gne% dre rare earth magnets that are cylindrical in shape and are

diametrically magnetised.



