WO 03/ 019583 PCT/ AU02/ 01156 SW TCHABLE MAGNETI C DEVI CE Field of the

i nvention The present invention relates to a switchable magnetic device.
Addi ti onavoaspesss of the present invention further rel ateTtavozariseus
devices including a switchable magnetic 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 contents of which are expressly herein incorporated

by cross reference) a swit gRARICHIRBIFANAGNETICDEVICR device is described.
Thi s device includes a housing and first and second permanent nagnets

nmounted in the housin first and second permanent nmagnets are nounted
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i nter nagf refat BREn@RPHrheE fedile ROvARGUS AACEDibRfing fewitéhablermbgratid second
magnet s can be positioned such that a north and south pole of the first

magngt dedce.n substantial alignnment with respect of north and south pol es
of the second magnet. Wen the magnets are in this orientation, the device
presents a sBackgroaxtief tlx invemtderet i ¢ fi el d. The nagnets can al so be rotated
relative to each other such that the north pole of the first magnet is
subst anti al | yn iolr b ipgfdiag tinteinationdh eatent tpplpatien ab. PGE/ QYA 03 andegiiet and
the south pole of the first magnet is su | al in alignmen i th the
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a relatiye i B dﬂ%ﬂ tokSss frbRbdhee) THRWIREAIE pedfidechimapedicby t he
actuati dayhe g)yg\ﬁ%ﬁkgﬂ%ﬁlaﬁl&&%%rt eB?nveﬁtri on l_Jn)I ess ex re?sl y stated

ot hapwi sleyicehierdeseritied. thes dpdcs finabades on hanging [aafl nfirst 19ad speondhpgrganent

"swi t chabl tic device" i t h t
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relative to each other bétween an "off' state in _which the rragrﬁts are
al i gned tainlg drfeatf théeagasts e irie mosision and (the pspeng magakt ke iErbleBgnet i ¢

B i i
03/ Q39583 <Pt HeOd B:hdB&s can be positioned such that a north and south pole of the first
magnet are in substantial alignment with respect of north and south poles of the second
magnet. When the magnets are in this orientation, the device presents a strong 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 a 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 relatively weak external
magnetic field, and an “on” state in which the magnets are aligned such that the device

30 presents a relatively strong external magnetic field.



2 In a first aspect, the present invention provides a sw tchable nmagnetic
device of the kind including a housing, a first permanent nagnet, a second
per mnentworagnetsgs t he first and second permanent magnet s PogiAt®2/00E6t ed

wi thin the housing such that the first and second nmagnets are rotatable
relative to each other, between a "fully off' position in which 5 the north
and south poles of the first magnet age in substantial alignnment with the
south and north poles respectively of the second magnet such that the
device preseptsga as@@!: He‘b?ééénﬁ"fﬁ%tﬁﬁtp%ﬁ@és deitdhkble thagabtc davick af thé ul | y
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posi t i okiad iacldingattioakiny, 4 firshpemmeamenit megneh a $psoRbPOTHIAAGY MAFGH | epgifsés
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relative rotation 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 to 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.



3 In a second aspect, the present invention provides a sw tchable magnetic
device of the kind including a housing, a first permanent nagnet, a second
per mnentwoagnetsgs t he first and second permanent magnet s PogiAt2/00E6t ed

wi thin the housing such that the first and second nmagnets are rotatable
relative to each other, between a "fully off' position in 5 which the north
and south poles of the first magnet age in substantial alignnment with the
south and north poles respectively of the second nagnet such that the
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on" position in Which'thé north and south poles of the first ma ntﬁt are
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the soufPM3Ag respectivel'y of the second magnet such that the
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activated position in which the nort nd saquth poles of.the fikst ;nagnet

are posisoitbpelss ap hediphmegnoy ajePosyion ﬁ&%&aanfwntaﬁ‘&%’ﬂ‘i ‘Hltféﬂ}? 1}505%1 tafg{idpo?es
ti f 1 [ Ndekatidel

respect i V@{l $ofds r{agbggﬁgegg g? RORGhd ?Paf%iﬁett fh thitGhe d8Vice Proers anfetatiaely

rel ativ&f magnet | eld. In the activated state, the
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and the north and squth poles r ectivel y .of e se d magnet is
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More pr efiighcbiwithi the issuthess ndrnpdles thepectizsly dfrthe speand; magnst sych Pkl red
enbodi ment t he deactivated state has.the i Y. pasition.
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PCT/ AUO2{lighafit with the north and south poles respectively of the second magnet such that the

device presents a relatively strong external 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. Ina 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.



The rotation imting neans nmay allow the relative rotation of the magnets
to an extent greater than 180 degrees Preferably the rotation limting
nmeans al lwe3nelsati ve rotation of the nmagnets to an ori erCatAwROpA6t t he
"fully on" position. Preferably, in use when the device is on or in close
proximty to a ferromagnetic 5 material the magnets are retained in the
activated position by a retaining forge. It is also preferable that when
the device is on or in close proximty to a ferronmagnetic material a first
force is reduld fghdd ﬁﬁitﬁirgmteélﬁ HRYARSW thdrdfifveastativatofdhe pagidts cnanand
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material. The retention neans preferaply includes a.latch nmea fch
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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 a

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 relatively
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-



5 conpletely aligned with respective north and south poles of the second
magnet such that said device still presents a relatively strong external
magnet i ¢ WoaBd1®8sl said device automatically sw tches toPaTsttaeeimhere the
external magnetic field is relatively weak when said device is renoved
fromcontact or renoved fromclose proximty to an external 5
ferromagnetic material. In a fourth agspect, the present invention provides
a switchabl e magnetic device of the kind including a housing, a first
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and sec d]ilﬂfnetlc circuit
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 to 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

successful 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



WO 03/019583 PCT/ AU02/ 01156 6 magnets are positioned. The chanber may have
open ends or, nore preferably, is a closed chanber. Chanber cl osing
menbers aweo 0s01458bl y used to cl ose the chanber. |n anot hercenfivdonsat , t he
housing is nade as a unitary construction froma single piece of material.
In this enbodinment, it is preferred that there be two portions of the 5
housi ng havi ng reduced cross sectionag area such that the housing acts as
two passive poles. Alternatively, portions of the housing nmay be treated
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preferably i peineties embpdinienafthohmsingss pridess a TharytconstgicHon frophesinglet er nal

That ¢ mispe s maotals e UnmSHOBRERL of & BrotgRch b pitm e RS B aERt 27 e

firsf and sec NRONRLE archh®ichithat thaMbusins AbE HBEREpassiee
pr ef ra@P‘&S@%g‘g\qlé%?%‘ﬁ?@%g‘?SSc-s apeéir.e I\/bgt 15 preferably, the first and

second pBRBEAReraiitivels portidnalof Shechousing miayabe ireatehsysh thatdbe prtipes Bgsemeof t he
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slight variations froma _circular _cross-sectjion also fall w thi e scope
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range, %{)gt s#e%?, i{o%tdr%eﬁﬁalfgxgﬁfet&%m?i%sQ?bﬁmblmteﬁbﬁ%ﬁ/tﬁé YousZéb. over a w de
an magne

range. I1’s Séco s are preferably also dianetrically

magnet i sed. hat. it 1 t. : I gk Qe sth SE PR at ed
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upper and |l ower substantially circylar faces of. the ne e 25
t hr ough théte réflast the magn@tifgﬁﬁ%/doﬁtﬁmﬁi AERH tt.‘e“e/%ﬁ“ﬁbeﬁfifi ‘gfnag’ﬁ }é’ésflgfq‘elr%&ﬁhdi s
preferred thaet %ragné{?gnet is fixed in the housing and one magnet can
rotate i nﬁ ing. It is especially preferred that the rotatabl e nagnet

can rotate agou he centr ! i ibsRdni$ | disdibiRped. apRse | N
this fashi on,aﬂleh rsttraé"(ﬁiuig?ceoggn@%ﬂo}trts ?ager géfgﬁ%g@regnces lb.e)?ween tge inner walls
of tize housidily adifitshend Sdcahdblagn@0 areagseitialy eylandvicdiid. shape aridj the pigbtli nent ,
t he shape of t'he body of rotation of hhe rotatabl.? . hat the first

of the cylinder is less than the diameter of the cylinder. It will be appreciated that the firs

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 its essentially circular faces. In this fashion, the
requirement for large clearances between 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)



magnet is the sanme shape as the magnet itself (ie substantially circular in
top or plan view) WD 03/019583 PCT/ AU02/ 01156 7 and thus the nagnet can
rotate arioywanigsei ain its positioning relative to the wal PE€TOfUORAES6

housi ng. The actuation neans for causing relative rotation of the magnets
preferably conprises a handle or knob being in connection with one of the
magnets. The handle or 5 knob may beyconnected to the one magnet by one or
nore intermedi ate nenbers. The handl e or knob nay be rotated manually,

el ectri | Gl fo¥ar Eretdi® @k lpositidiinghelates totheokalbsxpbbsi on of
a bi rretgﬂ#%ﬁségg%h@%ﬂr@nﬂgga&aﬁ%?any ot herr% Sui tgbl e nmethod. As nentioned
above, hbesilpusi ng preferably includes two passive poles, and it is 10

al so preferred that one magnet is fixed in the housing. In this

particul ar |y TRe efcaratied messofirmeausingt hadatiiee rotatigmeof i the fg@nsts preferably such
that the pole pieces are %er manent | energjsed. ;lt wl let?'ﬁl% lﬁ‘ﬁd

appr eci apwarisesa handie QoRROODRRE i Vi opF O it MRERRS T s 9,
Tegngt skqg,%/n{)ag%@tcsmemg 1B BRI B RLeRBON BiSor HolchfteRh@EAB enibesnt | on may be
y Surtabte type. The %n

of a 15 nost preferred at present are rare earth
magnet s becayse {h can e hity. GleehfallpUohenBanatls al so
have a hi gh ﬁgr%‘?@? y(% \%E@%hmg}é%iqtgﬁﬁ@%@ r}é’siést bgcgmﬁong f
dermagnetyygRdlicdlly, by @B8\uctaged ekpatsiopeofmarbimbtatingstdpi or indeethdy gy athex
continue'to develop and it is likely that nore powerful nmagnets wl|
become asvéatlapietiodn the future that will be suitable for use in the
present invention. 20 The first and second rmqnﬁ?ts mar%’ he ealgenti aLlSy

i dent i cal t o Asambntinmiedraboveythehousing pieferably dnqlpdes twg aseye BAES AIG LS nay
have differen gRetic pr. | . S 1iBY;s NBYE s, PRTETE

di fﬁgr erf‘ﬁsopﬂﬂ?ifir{:%gl Hl&l% r?%%sr?%lg{ Eléo?%g% Hﬁgtfﬁ ﬁ(raﬂr%gl %{/gr ying. hita&he maglngti c

pr oper t i @ odimédethe s ireagnetisnievesl iarslacf suchdhdtiths polerniecse eonpermagets can
be wused in sone enbodi ments of e i.nventio o var neti.c i.t chi ng
pr oper t iaagtgised. Yavil qlsoa@p@’é’?%"%?& ek 1B SYIYE r‘?fnr%io %W?SI %ﬁ]{ﬁg%ﬁe@‘eﬂéﬁ%\éﬁmﬁ’ay
further [inc i proof lock or child-proof catch type arrangenent
in the abco%lé}%grgeﬁ%g'rrétggemh that sone extra nmanipulation by a user is
requi red befare the magnet e : $RGRla8y shiitdl tughd on
means nay coﬁg}ei@gnﬁnﬁ?g%agﬁﬁtg%pﬁ%ﬁé%%@gﬂ%%pg%gm bef o?g 1r ot%ﬁlﬁonal force

appljised fhesttRErelo@bt Sragenberet tafnaidrmaghetsthdoheserthgnern(igvp 2 Oohgmagnetic
arrangenents which will i . . . . )
field. 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 magnetic properties.
The magnets may have the same or different physical dimensions to each other. Varying
the magnetic properties or the physical dimensions of the first and second magnets can be

used in some embodiments of the invention to vary magnetic switching properties.

25 Tn all aspects of the present invention, the device may further include a child-proof
lock or child-proof catch type arrangement in the actuation means such that some 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.



30 be readily apparent to the person of skill in the art wll also be
readily apparent. WO 03/019583 PCT/ AU02/ 01156 8 An enbodi nent of the
present iWOeab1wB83 nay al so be used to provide short rangePCacgad®keriasi on in
space through interaction with the nmagnet osphere of the Earth or other

pl anet, and/or attraction/repulsion with ferromagnetic materials in a
spacecraft. Astronauts may use such &cceleration in space wal k or
energencies. To increase attraction or 5 repul sion di stances a second

swi tchabl e papy mBBOSEhe PR RSl dtionl thafals® bt ke toafrovide Ahaoratigeg t 0
anot her aspect of the present invention there is provided system for
cont r ol laceeerativn or sEace dhiough afteraction iith the mw%vherapédhﬂ%&“%wérfé ®Thavi ng

a planetary netic.field,. sai.d system i.nc L0 0 Li.chabl e
magnet | @ aHgy AEdOmgtAT e a iR PR A i sp RGN RS HT ), ©
at | easty, QNGss Wdte Rabi@atiBiy e tspeced Mallc @r Canerpencidd. Tar iretbase|altictienta@ t he
satellite,” wherein in use the orientation of the siéellifg.cg&.be changed
by d&f | eepilsion distanaesgraseend svitchable pepaansif magneh may pgdrstalled G €&t el ati ve
to the direction of the planetary magnetic field when the magnets are in
the second posicbiding totdmetiebyspecteftheprasens imeantipn theze isprevdedye SYisRAat i on

to at least partjall -align the.magneti.c_axi s .0 h l.e

SWi tchatﬂoétr?llgﬁﬁed‘? (9%8{3%88 ?fgatsrarge%&f’ rlgc?liﬁ)(l)t nargﬁfl«f ﬁehﬁl é{[nfe?%\glﬁ%/ ? %%eéttgﬁﬁ
field 15 The: atid 6a8kyRas muhdiahablastmensiicaasleiagactivadevie mounitdt on a
| ever armon the " sat e?lllte. Preferably the system as cl ai.gsd.i ncl udes a

; ) Y
pl ur al i tije sdteltitei such gt ehenerepmtation of s atdeast ang SHEdgLleMeeRetS ACifRra 9 each
pai r_ of sw tchabl net.i pce i N d
br At et Erte o PR E, Vs R sBE e deEREELE meloRRPLAMe dbfeed 5
i ncl udesyyadeflesd theWRaghalic axiolof i dwitvhbble nmggeiat deviatavlativs fo thadirsyisarem can
include at |east three Eai rs_of sxjtchabl e nmagheti c devi ces t he

rein
r espect i afetha planegry tegnghr isld wher,fhe pagRets #5gRENP Soepid ]?:céséﬁoélr\l@ﬁ%%yual ly
ort hogonal .. The -ar, ' ki LIEESthe dhoheisalieet i vel y
varied between S%%zhtgrgoor&%ip? Wse%l%?gg{cf%ﬁg%? ?%ﬂg?légﬁl%/%?? ori eg?\t t he
sat el | i tie afdesist 0ge bwitciebleamadmtic deyitototha tire@®nef thdWangiarsmagpetiq firld) east
one switchabl e magneti c devi ce can advant ageously be off. According to yet
anotfier aspecthodi 1é3eony Ssiehhble RypnbtiiOdevidtesan besmpnuted dad leved ewh os the or
collecting ferromagnetic itens, said device including a ferromagnetic
col | ect isstellitorti on configured to collect and retain ferromagnetic itens by
magnetic attraction therewith, and a surface engagi ng porfi (fn which is
confi gured i rPrafeeatily theigysfemaas claimed includes a pluralify o switchable magnetic

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

to control the orientation of the satellite 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  of the satellite the least one switchable magnetic device can advantageously be off.

According to yet another aspect 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
therewith, 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



30 ferromagnetic support surface against which the device is held, said
device further including at |east one sw tchabl e magnetic device
swi t chablwolwawsen an "of f' position in WO 03/019583 PCT/ ROINW0OYLBG6 9
whi ch the ferromagnetic collection portion is substantially demagneti sed,
and an "on" position in which the external magnetic field of the
swi t chabl e magnetic device, magnetisgs the collection portion to coll ect
and retain ferromagnetic articles in contact wth or in close proximty to
the col I bR if eubemtianai deataghdtized Sarfderm Gomgnet i ¢
support&ggpftggefag&h%%{%ﬁgadﬁgegﬂn?g%t| on. Preferably vmgtén the sw tchabl e
magnet i gosition de whichnthehextéwal 'magmsiic |féﬂidt¢fethﬁm§§’#fé]t14bée anegste | $V¥et ween
the ferrom netlcc | ection paorti nan t and
| il@fteoraae}ﬁeﬁqa {oAR AN LD, FEHA-AIRIRC ahiclosnl ok Re

t he swiPé e suppor ce are negligible. The
devi ce H Jr%t élsie pREIHAP t8qhs abll@onERASorS amili Igilde thet devied agdindt Hbe

sw t cha O magnetic device between the on and off positions. In a
prefSarrthﬂromdgnetlmpponth@f@G\hYG@a@lﬁm pliactigic| udes at | east one ferromagnetic
shunt | ocated between the switchable nmagnetic device and the ferromagnetic
col I ection prefdrtip whérclthd switelpibés nsgdetpr deeieent iaal e 1T mesifieR rBfmgnet i c

|l ect tion. wh t chabl { :
posi £ OPASRH BBgPY SRVELTY BrEVART g LB, RATDL AP hE (pohaett

feffOm%ﬁiés%n&%'s%khgaeﬁaghétwue\m@ranam sippire Batiloe argratipibte. device is in
the of f positi on The ferromagnetic shunt is preferably not magnetically

saturated whep, tfﬁﬂg@r V\ﬁclﬁ@@i@ﬁd’cf&n@ﬁé‘cxhﬁ: Sori ffzukddl folivitoh thanichisle, but
en t

i s magneti cal Py Sat urat e sw t chabl e magnetic device is in the on
firsd pesighétndevidedetieasndke amand éfipositiens. ncl ude a hi gh rel uctance region
bet ween the sw tchabl e magnetic device and the 20 surface engagenent
portion, whenghmpréfgedicgibodiedanc tikndericeehirther mabidsuibt leesteme feapmegaatice t hat

the magnetic flux at the surface en agene t e‘“’é n.s subsg Bil%t
i ndepen@blmt lpgated hetwigpry Hes $iteh Vl(cﬁ Jﬁﬁé?rfmgfﬁnfe ccor di ng
t furt vt
Foans aRoRin VR IBEQ% W&%@pﬁ%@é&%ﬂﬂﬂ&ﬂfé faﬂofniagﬁ&ml cﬁ)lll@étibﬂ f&don vledNpi Ng

st one articl sald r?t) nmeans i ncl udi ng:
a first theswitiami nggneiddeyvica isdoahd off opition, ﬂ@@rﬂb@reé qﬁél@é(b]’@"?‘ﬁ%r ds and
away fromthe first_ clanpin nd spaced .apa t e menber
to déf i measacdapon i oﬂ\ﬁhfeélﬁ’m%ﬁnet‘a?r F?léefc OF Pefgon W} r% %‘ can gﬁlénse and a

Swi t chaby .6, FRgnet ufe gaY, nﬁd‘sﬁldﬁo%ﬁseﬂrrbﬁlagﬁeticnshuﬁi s Brefferabily Mt ymigmeﬂcvélyof t he
first or second clanp sai d swi tchabl e magnetic
saturated when the sw1tchable magnetic device is in the off position, but is magnetically
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 magnetic 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



devi ce including actuation nmeans for switching the sw tchable magnetic
device off or on, 30 whereby when the sw tchable nagnetic device is on the
first andweasondsx| anpi ng WO 03/ 019583 PCT/ AU02/ 01156 10 Pagmamses115ove
towards each other thereby clanping an article inserted in the gap between
t he cl anpi ng nenbers. The hol der preferably includes one or nore additional
cl anpi ng nenbers slideable relative 40 the first and second cl anpi ng
menbers, and arranged such that a gap into which 5 an article to be

cl ame%{%\iﬂﬂlﬂe& bR dach S@ES ertbY elangnne Aehgblediderted iptiergap bbtvedeanpi ng
menbers, ereby when the sw tchable nmagnetic device is "on" neighbouring
pai rs othe dtdmapipg ngmbenber s nove towards each other thereby clanmping an
article inserted in the gap between the nei ghbouring pairs of clanping
menbers. TheThehelder praferaly mchniel onleor mnre asiditionakclawpingiroerabers fideabisb| e

magneti ¢ devices pmounted to, qne or nore of the 1Q addjt] . kN
me?mer Is.feliﬁi‘élft@ Fl?foﬁ‘?g%rﬁeseﬁ%‘? AP RRINOGLS, @ 8‘5%“%‘?@5}%@11 #ht)a{r Qggielrn g %ﬁ}&ht ge

actuati on  ARANG Wfcl 4, be hdrteaist =Bkl BetvREN RS EibodemE pais bfclaapmert with
at | east one other of the one or nore additional sw tchabl e magnetic

devi ces meftteey, ditrgetyowhen theeswitchpblet megnetipslegicederien’| Agighbowing: et s

provided, a switchable 15 magneti vigce 1aur t.0. : age one
or nor e SFATHRS Hﬁg}%eﬁo’@ﬂf’%éo‘%%gi)f%‘% %ﬁer t%’Froe\%/%’;(ryie'ﬂ 0 rmg glﬁla?tlcﬁgﬁ%s?ﬁ%&né ?fgy of
the swi tgﬁﬁ%%&eeﬁ%ﬁél%f’gﬁb@lﬁiﬂgc}%irsmeclaﬁpmgrmémbas.f Tircholderatamusoiegudean

i ncl ude "ohe ore nore of the followng types of npdule: a rotatiotg limting

modul e wine odr ipre additibresl rewitshible megnstic SIEVISES MRINHGIRLRE GF TPRS Ob e

swi t chabl.e. magnetic devige to within a predeterm ned angul ar range. a

bi adPng aﬂ@@ap%ciadmlpémeg%efso bias the relative rotation of the magnets of
the swtchabl e neti.c.device. .a.lockin 9 I sably
| ock the rel é’F‘?f@’g‘%g’r %Sﬁ‘t"&fel’fi'ﬂf%bef l?ﬂ'é&)es ﬁé@p%e?%tﬁlgqé\%ﬁ%ﬁg rfgleﬁgﬁgti c

devi ce. Zg o-f@%dl Qfkchislc MRS dsviBsseinesoablry waitindtilgast efle bher ef dasaid gr | ock
t he magnets of the swtchable nagnetic device in one or nore predeterm ned

rel at i vemaeiadditiandlmdtchahlemagegiicydevises.swi t chabl e magnetic device further
i ncl udes actuation neans configured to cause relative rotation of the
magnet s, wher/icordile tosartotiat specheiihe peasent invention there is provided a switchable

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 preferably 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.



additionally configured to be engaged by said at | east one functional
nodul e to control the 30 functionality of the sw tchable magnetic device.
WO 03/ 0198B8I3MOFRAU02/ 01156 11 According to yet anot her @spaato2ofisshe
present invention there is provided a gripping device configured to grip a
surface, said gripping device including at |east one gripping neans of the
type having an evacuatabl e void adaptd to seal ably engage a surface,
wherein said gripping neans grips the surface by formng a suction force

bet ween 5 thgcé&aig@% 30 2 iR OhdpRE BO tHEPRBekyinpantionatieye dy peniadidng t he
void, wherein sard gripping device further includes at_|east one

swi t chaptipping geeite coubgired te grip iaguriee, tseid gipnies davice Hdding A dffet i
engagenent with a s a th IS, j P. bl
ehanJt hattgpiis e e e Salnk i, SUchaRs (oid RUAABRAD Skl Riffad B0 Y,

one swi %&%’el SLERENGLd SiheNg SearisSerips thORirfet biférming aisnctinobeebetydeni ty to
the surface.” 10 I'n use the magnetic engagenent of th‘f al%e I.easa one.
swi t §hathesurfagnatd the guipping regans by partiglly |c¥a@ptipg e vopd, ywhegelg Sg HPRINE he

seal i ng .engagepent of . t he. gri ppi Lo SRR tol frodudte aneal i ng
engagenﬁﬁ‘flg‘? EJFB%F t"fci‘llqef'/ ag}e%\s,%%ﬁ g&a%gg@gznyg?h@c g‘?siq%epi ng devi gegr?:an i ncl ude
act uat i QBRI dcAeB¥bigaiehbe vaithi 4 airflob evhen diretuirace Beviremagstineen the on
and or off position to enable attachnent and or detachnent of the 15

gri ppi ng devipe&el81y0fhdd B8 etPFing WdaBe B seglablg @hpatedywithl eurdprce ppidrag ledstvi ce
can al so include one or nore nmagnetic pol e extension mean ch provide a
rel ati vehy sWitgimbjremagrstic|devige ifig senteet With eintclesg PEGHELY AP | |S\r,lvﬁja%eonduct t he
external magnetic field of the switchable magnetic device to a .

f er nomagnet i Gn st thaoeghetic engagened offtprrsti¢ast ene sveichpla magaeisigvice affe

gri ppi ng device can_al so i.nc e a.pluralit f LRI 4

SWi tchag‘P at W@h%ﬁlellﬂé?/‘??%@?&ﬁg% 5?%{%@96%8@&%%@ o8 rtﬁggéﬁﬁgo t he g? gga nt

i nventi %ﬁrﬁ%?fﬁhé Sealfih® “heREmRAnGe YRttiallg or ¢AONY beokeg a first magnetic device
and a second rmagnetic device, the first magnetic device being a swtchable

TRgneti 6 devii oAl ddfRleaBANER Ryl RaRN soalcH inapdnilabBgnbiit

devi ce being ar relative to each other such that said second nagnetic
devi ce ateticabesye@n théien fand ot offgnsioncio aeble attathement jyad or detechmgi ot the devi ce
is off, and, sali d,secong magnet i.c devitce repels said first nagnetic device
wherl s ai gippingsdeviegdn &f EmcfgW‘brgac’le§esé’ﬁ9 Y% second magnetic device may
conprises a magnet. Preferably the second nmagnetic devi.ce osr{grrlimseggsa

second swi t chiis grinpirgéevies emalsaingiide ORE of M Maghetic R gxien

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

25  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.



swi tchabl e magnetic devices repel each other when said first and second
switchable 30 magnetic devices are turned on. WO 03/019583 PCT/ AU02/ 01156
12 Pref erwblog/ot4se3 fi rst nagneti c device is novabl e rel ati yematoomarsds and
away from the second magnetic device. According to a further aspect of the
present invention there is provided a coupling neans including a

swi t chabl e magnetic device, and at | e@st one second magnetic neans, 5 said
swi t chabl e magnetic device and said second magneti c neans bei ng arranged
relative to ?%?é}a‘tﬁilriﬁ‘é fiRd GihghBR dVIGNisthey 2B W fetdiiabllyetowagiiend awdgiae is on
and the secon magnetic neans is in contact with or in close proximty to
t he swi thelsatnd mageee devidevi ce, the second nagnetic neans is relatively
strongly attracted to the switchable magnetic device to thereby couple

sai d the secapebriimngreta fortherasspedt of teepresent otvantion tharprie previde aequpliag and

wh id switchabl ic device is off th i i
el at ] vEIRERNYES SVCFDlF RBEINE TIPSRl SRE P il pi¥RRLL . S e
secopd 5{1&%&%&1@%@@&%&%@@ dnahaldl @coRUREEIticdaMing delgnrhageeaiutiveed.

y "the coupl Fng

Prefera includes at |east one additional magnetic neans
arrangee eueH attievesuthp thitewher ¢l switghable enagaeties dsyies 16 oy aghdbe seron

swi tchabl e magneti ¢ device is, 15 on and th . j s LS in
cont act MASRFIONCNS 13 }Ib‘?él%aﬁ B f]%/glp%e ?rﬁ)ecl%l\% @?ﬁg%ﬁg&%&%ﬁ%@g Hggwgée’ and
the and gaddidhh@PRdenEBYNEdahS iETRERMSVERY Strbilelg Ntiatéd vd the ewitcliahlecinagmetic

proximty to the second magnetic neans, the additional ma%ggiic neans are
coupl ed devct he thacndovplgrseid thenseaprd magHcHthER28SRIY ti'é‘“\/\f‘f”é e Stic

device is .off the second.a it . i i hyelsy
weall&y QFY‘F%catnéldwﬁ%l f‘ﬂg S%”\}mwﬁ%%%grpdgh étgé]&n%’é%%tg@élgev?@ggﬂg tﬂlzl:ah%n%t?atﬁfet he second
magnet i GolaRadly waMtladgkicana thegnstchablerenametianievive siwbothet dbe sttand

sw tchabl e device can be movable rel at] velﬁ% t vvard% and away fromthe
second meagneti meptscans switshableimegnglicAevics GRS €GoERId are preferably novabl e
relatively towards and away fromthe second nmagneti c neans and the

swi t chabl e d@véfemblyTthe caupliesincludss ahlsast g ddiHRgRSPAENSHS AREIS AHaR% he at
| east one addjtj, onal net i.c i khe
coupl i ndgléﬁﬁe tﬂ @‘8 SF%%}%ggrg'(t}g l?g%l% gﬁu%eaglﬁg%g%%ﬁegur e Q?% r{i%ggiﬁﬁ?ﬁgﬁgwﬁt chabl e

magnet i Gudgyd ¢ Qédontiomagdey Meanupl imgomthctt withcaupl ichge erexisiityProethsr abl y
t he actuation ) . :
switchable magnetic device, and the and additional magnetic means are in contact with or

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 device on to cause

30  coupling of the coupling means.



nmeans is additionally configured to turn the sw tchabl e magnetic device on
to cause 30 coupling of the coupling neans. WD 03/019583 PCT/ AU02/ 01156
13 The cowplosnsseans nay further include a plurality of Ppacaw2eesond
magnetic neans, and wherein the sw tchable magnetic device is novabl e such
that the switchable nagnetic device can be coupled to a chosen one of the
plurality of spaced second magnetic 4aeans. 5 Accordi ng to another aspect
of the present invention there is provided a |atching nmeans including, a

| at ching nmempgr o @Mﬁ%&ﬁ%x@%&e iBALENE QRS bf GRackd svdond magnetican be
received into a fatc ing recess to cause |latching of the |atchin ans,
and a neisehddvhemsn theoswitchablermsagngtig devire lsn@aﬁ‘gi’l%lﬁ‘éf’ha&éw éﬁ‘ﬁtﬁg@’ fragneti c

device, novaple .relative to each other dobHa AEefE said,
first nigaRstcdeyicssan ?c‘i‘@tl%“/ﬁotacﬁ?gﬁ e 03%}% c QE&C%H% coupl e?lteo sai d
| at chi ngleﬁﬁryber, such that actuation of the sw tchable magnetic device
causes relative novenent of the |atching nenber. The first magnetic neans

is pgsef er abl ;gcgor%%gstmg.ﬁﬁ ashiet 6h AR RedBORRtAorIRICE Wovitled atlatoligpet i c
(0] e

means can be”coup | 'at ching nenber. 15 Preferably the sw fchable
magnet i enedey incudimyg af lntchingnmemdr covebladetwesnaany extended positign iy hich Rach

ot her such that .swifchab) e magnetic, devic { f.e t fir iC

means wk&h beHecavid BB J@“ﬁ‘ﬁ@ﬁ@ﬁ% t(?e%uéeé??tgm%%?&&ﬁ? é?ﬁ%’%gv@%ayg;?%{elpg

SWi tcha?étfaﬁ{gagg&h}]&l, 20BNt G9acRBEL Tidahé an@ANStitchabRamagitie davicengewablel at i ve
er suc

to each o that switchable magnetic device.repels the first
magnet i gelatianso when otfiee andi mokratst esushhal pre feviakd fist ™REDSHC ™EBS 9T gt

magnetic e can al sp be.for r r elich Rl RiaBbn 0P the
SW tlghaﬁwgcﬁaz’z%@ﬁg%%& (o1 1%1%(51%?%@88{%%& |gcﬂ%gﬁé are arranged rel ative
to each g abhe sdsketicliavics vhisehadiizenmgratentofitby latching membes the first
magneti ¢ neans when the sw tchable nagnetic device is on. 25 Either the

first magnetifg, é’t@ﬁa@%ﬁéﬂﬁa&%b‘féf@%l@aﬁﬁ%ﬁti ¢ device can be nounted to
the | atchi ng menber. “The device preferably further includes bias neans to

bias the | at chi ng..ph bk hnefit WaGke R Fir8* napeitR Bbadsedandsd esupdasid tens.

latching member.

15 Preferably 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. 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 on.
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 Either 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

either 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 is



I n one enbodi nent the | atching nenber and a first nmagnetic neans are
nmounted to 30 first nenber, and the sw tchabl e nagnetic device is nounted
to a secowo oawmses which is WO 03/ 019583 PCT/ AUO2/ 01156 PAThawablse
relative to the first menber, wherein the |atching neans is configured to

| atch the first nmenber to the second nenber. In an alternative enbodi nent
the latching pin and first magnetic mgans, and the sw tchable nmagnetic
device are nounted to first nmenber and the |l atching nenber is 5 adapted to
be 1 eceliehib PR thRehiY RdmBRL ik oo latchRg ansingRonligulell thldich oV ab! ¢
relative to the %lrst menber, wherein the latching neans is configured to

| at ch t Kest frienster tontherbeond meniter.second nmenber. The | at chi ng menber may
conprise the first magnetic menber. According to a further aspect of the
present invent paltéhnatie embgtimenithd latchibg pimiand ik wagnetjaansaas.oandi B€ of t he

kind including a housing, a first per ent net ent
magnet | sviielabll BesEls SoichEpRRHURLD THapereobant Rt iEEs ARl he
housg ng éa;é%h i?h bR el ifiSla AREVERCARSLIBRENS secohiemEmbat wbick is elovablee t O
each’ ot A& : etween an off position in which the device presents a

rel at i vedlatiweikihe firstr mainbem grierdic the lasthing meansis ennfiggesd todatch thedireth ¢ he

device presents a relatively stro ext er nal .G 15 f i :

char act &rnahsg to {hg F’P&Pné e i iﬁe ?%?IPPI% fn‘?llﬁ’celr lﬁ%@ 8%1115?%%?/ trh fe6I fﬁljcs:t?re{lﬁ%—%etlgh unt
nmount ednliegn&?.. | 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 the extearnal; ifthdrelSeBr 88 QRE eteiivt tibeerfioni tere adljpeedaéd o t he
first porti o%‘cg@]d%lﬁggﬂ%m%éri ssq)r?egl I gi _bﬁsejr, and that the device further

i nchgdeswitchitihmaghatizt davice ofdle dindoietinding 2 heusirgy acirst pEEagey 3RI6H Bf an

external surface 20 of the, device, wherein the, hi Lyct .an has
S)L(If fici é?ﬁol#lldéﬁeﬂéiﬂ%?ﬁfcgla‘% tthFeHAélt Wﬁgqqdcﬁm&enﬁ%%gﬁ%ggﬂ%rﬁg%ﬁ%d g’%?% on of

the ext Eiflé‘ﬁb S ERsemal tHeN@rsHaNd S&oh8 rhatIStsadtt irslatable soabteanteac theshunt i s
preferably a‘llrmst magnet i calhiyg saturated by the external F?r{%%ggti c field of

the swi thehedshemnnefpedifien tewhish thideviehpreseits a melptielydgak {Hageetics jn
the off sition...The shunt. i e RaQ I ﬁpd%ﬁ' gto
yet anotﬁr?i‘i aﬁ@ﬁ@@f‘ PgFIupR & B’r%c R ﬁ?\ﬁ!\glee]%r?%eg% %Wféaﬁ{evrel s p?gﬁ(ﬁgaaf\a s%iidtqc habl e
magnet i Cidle\thaRctefisdda thet ikt ddvideUflither iaclndessd low, rebuctancs shymé muvantedto ptagnet

a second pernmanent magnet, the first and second erlnanent rra&;n%ts 1ll)ei ng
nmount ed ledst hifirst portion of the housing configured to be at least partia ly 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



t he housing such that the first and second nagnets are rotatable relative
to each other, 30 between an off position in which the device presents a
rel ati velwowsakosext ernal magnetic field, and an on positipcm/Aue2esiseh t he
device presents a relatively strong external nagnetic W 03/019583

PCT/ AU02/ 01156 15 field, characterised in that the device further includes
a low reluctance shunt configured toqsbe at |east partially magneti sed when
the device is in the off position such that the external magnetic field
present ﬁglflb A REer Y If B Pl AERE flrthek MR NIEIRY Bllow Selneghdehbhieconfiguteidse
aspects of"the invention the shunt is configured such that when the device
5 is inb¢ hdemnpptisily mgnettsed udweh dhe davicsaninsthg offrositiopench that Bsgxiemal  na)
magnetic fi el jacent . to the shunt. . Th . 1 Sqs erably separated
fromt h@a%wgieigbvsgﬁecgw &Sélﬁ‘.’lc 53306%?2%@8%%%};8% g%{s %nt i s not
magnetical ly saturated when .the sw tchabl e magneti,c deyi ] i e off
posi tion, buln thesenasgeds ng’lelli}veé’élf’ﬂrﬂé"t g’d‘“mﬁe‘i‘?n ﬁ‘éreg\ﬁfa%%gﬁﬁgéﬁ%lgeﬁfegﬁcg devi ce
is i iid ' {ttinichterd PRGhetdd fislladjacanent

i nveﬂti %ﬁgttﬁg?rggﬁﬁdﬁf@\?id%gﬁég&%ﬁ ?geﬁgt%iegy magtr%eti c device of theﬁki nd

i ncl udi pg e stomsiTig, stant iis ptefpablyssepaatedaomt the nagnssoit 2 &ingtRe MOTRagnet
the first and second permanent,. nets .bei unt. it hd : : si ng
Such t harefey iy S R duat g e Y i TR Rt i eud BiQOMY
other, ;bREVELILRbNObh i@ﬁﬁ:ghétwauy Qatvbiahwhdiethe ewitclenbiy magretis daviceisaini vel y
weak external gnefic 15 field, and an on position in which the device
pr esent sheeorrmisétfonvel y strong external nagnetic field, characterised in

that the device further includes a high reluctance regi on between the
nmagnets and Acpeddirgomo of farherxaspeetalof sthe frresend finyansiog elherse 1s WheAdgdy 3t he

hi gh reluctance regjon has fficient .reluctance.t LC Af | ux
prgsent sWitghable, magprdict eHH’eo‘?fstﬁﬁ%m W@%Iagﬁu?sﬁl ke é ﬂ;?{?%{gl%ﬂ%@i C th 2

subst Qnggﬂyﬁhéeﬁﬁé}%ﬁﬁfag&bﬁleMﬂkﬁnﬁ%m $@ahi@y neigne’ beivg mAtahwithin gap.
The high reluctance region can be forned in any known manner incl ﬂ%lrng, by

provi di nige housing euchsthel thesfinst auchgeapgd trrenRBUEP rtatablg Fﬁleﬁﬁ’ettﬁeea giper, ="
[ﬁleuﬁz)ﬁ %ﬁ&re% 0y pgsiiti%gﬁlc%égﬁg#? It:lg\q%%?eg&ﬂ%é tré/latti\%li BRak YRiAgmagnit d 1N

cer ween the magnets and the

houg's NG.6AP ARl Gn DWiposiiah e wiannae Heviceplesatcareldtivelywong rateatb magndiceasabl e
hol ding neans for ‘releasably holding the magnefs .in a first breI atitve
or i ent atfiedd cherarigrisas) in skatshedgyagedivpgcripgindes aglgghéel}lgp%c‘gsrggpg EVesP By t he

magnet s élg@gpsva%dté) pgrtl%gco(}r% LEL Ak MRrRL bBMAldvaE, Wilefdi® HPhigh 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 a push

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

means.



the sw tchabl e magnetic device includes actuation neans for actuating the
rel easable holding neans to release a said magnets. The actuati on neans

pr ef er ablwomanmseses a push 30 button arrangenent. The relpeasdike1isol di ng
means preferably releasably holds the biasing neans. WO 03/019583

PCT/ AU02/ 01156 16 According to anot her aspect of the present invention
there is provided an electrical coupig ng configured to nake an el ectri cal
connection with an external conductor, said coupling including at |east
one contact R 1§ ARGhEURE 0P iEesdhbmvehes dieab provadwentdlamicand a
swi tchabl e nagneti ¢ device configured to retain the contact portion.in 5
conduct cowplingnioafigunsiltth mike extelactiigal comteaden Withhih eﬁ%@ﬁ@&%@ﬁ% ithagneti c

device is in the on position. Pref t i i nted to
the hou§PHYMEf “icﬁ@l%’/viag cllﬁ?ﬂil e ﬁgﬁtﬁg{ %@hﬁ’é‘\/?g‘é@‘? %ﬁq%o%%%ttﬁgoélﬁhgﬁﬂcan be
I ntegral) et:f?&rﬂ;%ﬂdwf Mtdha@lehﬁ@agﬁeﬂg devicé benfigiéd whrebiie tieagmeict podieniioe. The

el ectrical coupling can include two or nopre contact #:0 or#.i an. Pr.ef erabl y
t he §oupbiadugtiveicertiant witicthe ¢sternah cendietorivdign|the %‘Wﬁé}ﬂ% ieeeE CEYEC 1508t ween
said twg or nore contact portions. The coupling can al so include cable
receivi ﬁlbeoqﬁoo‘?ﬁéonadapt ed to receive and make electrical contact with an
electrically_conductive cable. The el ectri upl.i g efer S0

i ncl udes act @ﬁfFréﬁlyngé‘ano A PGHOP o™ Flé)f'l%tteﬁ\?{gl ;E/h%rg1 %?% ﬁ{eﬁlﬁaﬁﬁglgﬁlgf t he
swi t chab) e DRIREHES HRVEGEad PoVRA cdnbe Gilegally Giined bitls tlat beusing sbthect i vel y
al | ow COU%DI ng and decoupling of the electrical coupling neans. | n

pr ef er r editehdbdel mmagnetic Idev1c@u'gh¢ slgctrispt Replingcand@sluge S¥Pr P OIS GPY éﬁi ng

mea confiqured. to sel ectjy e I B84 FdoR@hctivh ! Sifduit t O

pasrslgt hrpc%tbq’i1 t &8’6’8}}1 i%ﬁeg .Couqlﬁlg éﬁgl{dﬁe\ét @gwa%%gahsgrggﬁlcb? as?socci 1at eci wth the

el ect ri qRlwew shithivdtriBaRTostachpdrtians. Ahe ebeling alalsounclade cible peeiving ed

from passing through the coupling when the 20 sw.tchahle neti evi ce

is in thocans adansed toiressiverdnd @ﬂ@cﬁ??qt‘é‘é‘ll CRYRT |"f1ﬁ‘gaﬂcﬂ?f§fﬁ?*’g‘lé’ “ioﬁi‘%&éi 3 o€

el ectrical insulation nmeans. The coupling can _advant ageousl é be cgn{oi gur ed
o]

to be an ear tFhecelepiricaly couplingweraferably alce oneiifes PEUaRR MR saél@Btte_ t he
present éie{%\éﬁ(%'ro%%ﬁg rﬁaénsegsoéfﬁfeds%ﬁtcﬁa‘tﬁg‘% gl ﬁevigéb%%tﬂ'aé?oﬁ%ﬁd ogf of the

kind in FSt” permanent” magnet, a secon per manent
magngt , &hes bl seRbtiw a6 06ehlidgraia desdupting o£ths clreirivgl croplingtheans: hi n t he

In a preferred embodiment the coupling further includes electrical switching 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 magnets 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 strong 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.



housi ng such that the first and second magnets are rotatable relative to
each other, between an off position in which the device presents a

rel ati velwowsakosext ernal magnetic field, and an on positipcr/Aue2esiseh the
device presents a relatively strong external magnetic field, 30
characterised in that the relative orientation of the first and second
magnets can be varied between the om7and off positions to produce an
external magnetic field of varying strength. WO 03/019583 PCT/ AU02/ 01156

17 The rel atirye @4 erfhis@0n f thd st iidsecandnsgsands prirdfly cotimoeslgr abl y
continuously variable between the on and off positi ori%éeghe rel ative

ori ent avareblobettvaen flieret amsineff pesitions. The gelative euigntafiog P At ARASPHOR! y

vari abl e between .,the on and, Qf f Lt C i .vat anot her aspect

of the PragagHfaY ﬂ%ﬁ‘ﬂ%‘ﬁf“’f%&aﬁlg"iaggglF %S%%Ht@%%‘ﬁ&c}?%&&% efl ection rregns

adapted to deflect charged partic| es, nbvi nq.pasi. e_def i S,

saig def | ect ASEOTHEE1R YE C’@@?ﬁ@}’leﬁt %65}1? B’f\%:'i?}ﬂégvr?géﬂliﬁe{:e lgé’\ls‘?@gédg%%@glgr ed to

gene atﬁ ﬁ&tioﬁ%ﬁ%ﬁgghaﬁwwziéﬂect cRArged ?at‘ﬁ@feb eedvils@paht iy Géftdcion nmagr di ng
&r aspect of the

t o anot present invention there iIs provided a fluid
coupl i ngaidakeflegithetedns imeludingra §Wwitdhableomagnstic sigvisecapgirgd ¢ BReT#E Fd port

and second 10 flujd t haracter.i.sed in that said fluid coupling

furt her exieEIal gRgneitc fie@giqdq;f?gt ia\#]?%hgﬁ'e magneti c device configured to
retain the fluid ports in fluid co ni catian w.th each. . i he
swi t chabl e néyeending fpenether aspeet 9%0W65‘%5’§i1f1¥%w.°n1‘ﬁ%1‘ef ]ISLROI éb@%%p ?ﬁlgd can
further inglud L4 20 201ReIE0 bt iavatsy fludl be and hecormignet s
of the sc\ﬂnu@g}réag n@%&%@?’?ﬁ%ﬂe bet Weeln the on and off states, to

sel qot i kg portchatdctvisebimhangihfividdeupling furgeninckmes at 165 oBeHHIT G Sreans.

The fluid coupling may_.al so include flow cont. RaRs, 1 ;

cont r ol THagReh¢ JgyiSe cpf(@gtaegé? At ?’ﬁeﬁ#l%ivrpgg Qéégimggcond&?%&bgq%g{rjf i&l The
act uat i ﬁtﬁésv&f&%@l’é@ﬂ?eﬁ@é@ﬁéﬁ& @dtheiohipositienf | ow control means such
that flurd flow i1s prevented when the sw tchable nmagnetic device is in the

of f  positi O%hgéfglié‘%g@ggfgr&ntf&tﬁé?Qﬁaﬁde AtRROh ridant heatéEmeRrlativelyantaton

there is provi nsion device having a first menber suspended
rel ati vehé magnaeodiig switohalle ofagtdiie deyise biekesendhaen and oif stofesia geesthedheans

associated wth_the first nber, apd .second et : i d with
he ISecoHevhRHpERg aahdreuPBRE SLEPS g Fans uie Hapes A AR Chpifl 30 456
magnet | Cin@ﬁﬁ? RobMSIMBE Sheans Whrttphadd ® deRaoEiHeTlce vt deid Bawbe e fist amhd

e

second nmagnetic nmeans can be arranged to re(gel each 8t her vvhﬁn sai

second fluid ports. The actuation means is preferably associate with the flow confrol

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 second 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 arranged to attract each other

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



swi t chabl e magnetic device presents a relatively strong external magnetic
field. Alternatively the first and second magneti c neans can be arranged
to attracwoaaoivses her when said switchable magneti c devi PETBIRNISE a
relatively strong external magnetic field. 1In this case the first and
second magneti c neans can al so be arranged to attract each other 30 when
said switchable nmagnetic device presetgs a relatively weak external
magnetic field. WO 03/019583 PCT/ AU02/ 01156 18 The magneti c suspensi on

device can fypt Bﬁ%nét’fhcidéﬂ&sﬂﬁﬁ&v@@ cmafahémiatiude dgmaing meastingloding yn
conductive portio

coupled to the first or second rreg‘%er s%lc@ét hilt. relative
mov enentleofricale chndustive pdrtivsceniledeatibe dirstarsweond,membat sigh Wat Fil%on to
nove in the nagnhetic field n ' : HeC
Toans. | SHOPRECR fofe it A ERATIOrnRaS caeet B IR nAGERERITEIT
each ot B@drgnet}'&ﬁeld%gﬁéatemgrﬂﬁﬁﬁt oERbendanagmetic seaond magnetic neans can
i nclude a“switchable magnetic device. In use the external magnetic field
of the swit C%@pﬁst%a%é&fd SeMbER £&PraférablgTsilbable hatitertoasich othenrhet he
sepafation the first and second nenbers when suspended. 10 The suspension
devi ce dast magdfetic aidaps eoder isseond Wagnstie marang cam drgludena sFHehable BREATS ng t o
anot her aspect of the present invention there is provided a nmagnetic
br aki ng ds¥ishs of the kind in which the notion of a conductive member

relative to a nmgnetic neans ca e .decre by appl i i netic
force to the 1@@1?&1&@@?‘@@*‘1%@}", H@Hé’f&@ts ﬁﬁ%eﬁagpﬁt&&% C%gé)(ri\)éefteﬁggprrgans
| ncl udes, 3,5 d{oc\%h?fk}f'e Wﬁ&ﬂ he B 88 sechbad Rihrawhyn sbuspasiedt he ext er nal

0 e s

magnetic fie tchabl e nagnetic device can be varied between a

o therel at U TETE e e B S e reans. I
i cat | on' mEAHEMEEE [ HI G PG Of BIFAeD: bl B Mihbfled Binglede | |
use, if yEng 2WeadViotahalkiel MRyhRhi tedaviiaeof a donduithieymemhovisiativertn an
external maghetic circuit, the indication nFans can indi qcat t he r{al ative
or i ent atragneti¢ mdaps ﬁﬂgh@t@cﬁﬁf‘é‘rw BPRIEABA P! _am%gnerlﬁd?fest P&ﬁe ﬁ%%d_f]ilg ey

ot hor ' GRHEDn AT o B e e CRE S RULRE e e ot o,
pr e;ler red f Orﬂgfe?gbl}tf pneusier}l\{g Q}Etier%gl r\ﬁ“a&eti@%l&)(?f HesGiknst Ilﬁ)igl’{@ﬂé Rlicexam! e

onl y1°
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 actuation 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 to 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;



with reference to the acconpanying draw ngs, in which: Figure 1A shows a
plot of relative force against angul ar di spl acement showi ng the internal
forces acwprgomss: he device as a function of angul ar di splPatev®aniisé t he
nmagnets relative to each other in the absence of an external magnetic
circuit; WO 03/019583 PCT/ AU02/01156 19 Figure 1B is a simlar plot to
Figure 1A but shown in the presence ofg an external magnetic circuit;
Figure 2 shows a plot simlar to that of figure 3 for a prototype

sw t chabl e Reth Gs deuhEs HBoN Meukalabitohariaehagriant oiaguktrmal

di spl acement for a range of ~ 5 separations froman external magnetic

circui t makghgierarcgitshows a plot of Figures 1 and 2 superinposed upon each
other with an explanation as to the functioning of the first aspect of the
gr e;sent hl n¥epigtum12_ Sy e @4t similes tohihaf of digsire Sq it @ Preteryransvaighrblgat i on

s to e functioning of th i

vent i mentis Ares EeXEs OO UL PEHTYY S, Sogeer Bt ok 4. AEE

i nt e§ nats{;p%?ﬁlon?%ﬁpﬁn Vel f@ﬁéﬂeggcﬁl@ui{?d/ AU00/ 01505 showi ng one basic

3'028 r]thc |8n of “the sw tchabl'e magnetic device; Figure 5B shows an end

i ew of a deyice iLn r ith @ - ' i on
Showi ng an ol tErm ARG S &G e S osk o et E rop
view, pagplaation 6heaR-faeaiondiy affthafistadpetiaifltes pregaméinventadyi ce in

accordance with an enbodi nent of the present invention; Figure 7 shows a
top view of gisué 4ANRBYS HEP@AGE irequilel iferear’ explanatiomid fo thedustioning of thed t hird
aspects of the present invention;, Figure 8 shows a top view, in

cr 0ss- seetdndrand diirdaspestd ofithewRSCB Y #éOPnvent i on 20 usi ng a torque
sensitive | ever as the actuation neans; and Figure 9 il]ustrates t he forces
.F nvabved in Figue |55 ecproducipenehFignb 8dof vyr (ReengingsBiRMIPRNPRGH:

igure 10 shows th i I p.bet we t:he. a : al}e0 By ALE: ,e
exter nalappﬁr%\a_é‘ﬁgt P%?F&Z’#@béﬁ?gégdéﬂ}?‘glengi ﬁﬂ%c%glrcdg%%%u\% 9 Q)gn%ﬂg nbg\gdi rnle)Ine!;| of
the pr es(ﬁ,%leﬁ@&&ﬂéé;on; 25 Figure 1 1A shows a collection tray enploying a
swi t chab g magneti ¢ device according to an enbodi ment of the present

I nvention, Figure 5B shows an end view of a device in accordance with an aspect of the

present invention, showing an alternative shape for the pole pieces.
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;
Figure 7 shows 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;



Figure 11B shows a cutaway view of a base portion of the collection tray of
Figure 11A; WO 03/019583 PCT/ AU02/ 01156 20 Figures 12A and 12B show
schemat i cwpepoexseht ati ons of a | atchi ng mechani sm usi ng &CIuwtoehsalss e
magneti c device to actuate novenent of a |ocking pin; Figures 13A and 13 B
show a second variation of a |atch mechanismenploying a swtchable
magneti c device; 5 Figures 14A and 14 show a further enbodi nent of a

| at chi ng nechani sm whi ch includes a swi tchable nmagnetic device according

to an embodi E&ﬂ}esom hBd PNes sw stivveiit epresdritglone of Lo Rtdning ifecBmitiow a
cutlery block i ncorporating a swtchable magnetic¢ _device; 10 Figure 16

shows ansieyespitehaplempgutitivuisvicoto 2atuate meNementeH adefi&HP sy st em for a
satellite which includes a swtchable nmagnetic device; Figures 17A and 17B
show enmbodi MBipugesif3 Adary b3 Bshoacasashndiyarétion ofal lash mechanitiei HPlYIBHAt chabl e
magneti c device; Figure 18 shows a sw tchabl e magnetic device having a
modul ar SWHﬁ@bﬂq}@?Eﬂ‘/‘%F de¥icei gures 19 and 20 show schematic di agrans .

denonstrating the principle of operation of a fur r coupling in.
accofdance wFigwres f‘hﬁ: %E“%%‘é‘@ta fgﬁh%%ntﬁﬂdé@@i‘ﬁo#q #’1‘\%‘?‘&% @ﬁ@la&ksgwg“% shows
a schemati.c, cuta i t I I 8D AR &5 tHed predent

SWi tchamcéu%g?ﬁeszevﬁ%h el«\?/;’Ygg%ne% Fél gurgcc%gﬁg 2\?\5 a Tirst embodi ment of an

adj ust alhrnlib@ki Ng systens using a swi tchable nmagnetic device; and Figure
23 shows a second enbodi ment of an adj ustabl e braking system using a

swi tchabl e td £5Alawi a8. B Babwid adleteblock pndopporating hewickablageg®sicl t wi | |
be appreciated that the attached figures show preferred enbodi nents of the
present demigenti on. These figures have been provided for the purpose of
illustrating the preferred enbodinents of the present invention, _and the
predent i nverfigwe 16sbows ansxepplaryenbedimeripfian Hienfationcoarelsyeieal L dci £ ¢

embod n%g‘;[eﬁitg %Vhfc%qmudes a switchable magnetic device;

Figures 17A and 17B show embodiments of a hybrid vacuum/magnetic holder
including a switchable magnetic device;
Figure 18 shows a switchable magnetic device having a modular construction;

15 Figures 19 and 20 show schematic diagrams demonstrating 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.



WO 03/ 019583 PCT/ AUO2/ 01156 21 The various aspects of the present

i nventi on have been devel oped followi ng further studies conducted by the

i nvent or WO 0Bles8wi t chabl e nagneti c devi ce described in oRCTG@O2pEEGI Ng

i nternational patent application no PCT/AU00/01505. These studi es have
shown that the force required to turn the switchabl e nmagnetic device from
the "off' to the "on" 5 positions vardies with the perneability of the
external magnetic circuit. In particular, it has been found that the force

required to M@;ﬂé Vaious RSpdaVdfaRe %ﬂag@n ihentiemhavedsen develdpedrfolioveing Taflier
posi tions, en there'is no external magnetic circuit, is rgu&h reater than
t he f or stdies equiucted tiyothe ivester orehel syitehablemagnatis dSHICH FEFIPEH MA%CO4n

ext ernal netic cireuit is .. i r el diideEhdvershdivn
magnet i eeﬁg%mt‘fm%%}m Batﬁ?te%pé’llul? %t?oilglﬁg%gg)’rlrjtpv g}oaﬁfémgéet he device is pl aced
i N cont ack g ffcclfeqfir@B® PEOHicEWiKkhille amgartiededte fromr bedgfZto the fa’eri al .

Figure 1A shows a graph of the relative force required to turn th
act usit i pusitioesayasics ithtthe permeeahilty ef the Friamal nAsReUe °‘&i‘é§‘cﬁ‘? B%‘ﬁ%rﬁﬁr ’ 6@?”

co- pending i.nternat.i [ IR cBYhiBeke PEd! QD Fofbthai t h
angul ar Ibﬁﬁ%étquél éﬁ%ﬂ@?'}%e%ﬁﬁﬁ%@ tsogsgﬁ{cpﬁg%ndeglicgure I ,eA, thg&fior ce required to
switch e deiies, wHen thdre is' nnéxtpmal tagueticwliicult, issnudh gregieichamthedose an

angul ar di spl acenent of 180 i.n the graph. of Figure 1A).i i i f-fhe
ex? er nglreq@%déﬁiswiﬁﬁbr%éiﬁYlFP {jfoj ge pgﬁogwpsw\f@p%gx%:g?atl t@agﬁ%tg “ <§n 1{r |gnsi c
magnetic field 1%@1}1 i;@ﬂﬂéa@ilﬁ% emﬁ}lﬁggl\é'gﬁ&icmmt RaybOpreRi,fonbidniply, wxdner nal

magnet i TS el presen work has to be performed to overcone
t he 10esithé dBviee [t pdaceddnbgontdut svithnor ickese corowimjiete enfexsiraal REFCHEEBHICf t he

magnets toward_t he osition,,i. 180..on ;Fi qure -1 A, .2 v :

mechani dBdtedle Figrre gxn%‘ﬁﬁ’éﬁ graBBt(gﬁtPlegF agﬁeerf %’g\%ﬁ@é‘% © fseltng?%d%tgaéonhi gh
flux d%ﬂ%ﬁn& ¥f E&%%iﬁhgﬁlefnﬁ%ﬁ‘ti@@émbsbiﬁ&dﬁﬁkﬁ@ coffiegding intBrostionad putet sanme
graph as Figure 1A, but with the switchable magnetic devi cg bei ng in the
pr esenc eapplicationextnayen RC THAFAGOL 80 atith smEulr ghsplescrmsabitg £3° P9IPE QP be
achi eved,. for .exanple, b | aci I he,deyi i t@pt ki idh i€l ose
proxi mit g&‘rB,IAzSt%S OFSPt E%H%F&%é:g%%gg%gtq@g?%a%%? ﬁg ,%{éuc?r%%gno@ih&rSIMen

t he {ERONGhrekshtat htaaN@tbul® diplaceiicar ol 80°rinrhé geph ofFigam 18g is bigh if
Figure 1B, al though the general shapTe_ of the gr aptp} i.S .si.m | ar e&gg@? t of
Fi gure lexternalhmagretiatpoy@estikiyels ey ilhisqist Grentoy e igh MpRNE MEIEte &5 he
of f position.and,th | hb Qg Billp Welertd1aRaMe88 cirBei &s ipfesai. hi gh
per meabi THESH @W&ﬁeﬁ&n‘%ﬁﬂemﬁ@ ?}gw £ Tﬁe f.eor ce rgggui red to I_rgo\(e the
magnet s PRiWeREK hae tofk mrfbrasd 30 opesome che réesistEicgurreduced by hifnBHrIRHGN t hat
' F gurr?la,clgnpétigeffe?(llj.slgotgt?gn g% glré Iggélrgtesat%wa{rc{ ﬁleoc];n %)ngtion, 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 from between the repelling poles.



external magnetic circuit results in the magnetic flux finding an easier,
external path, which diverts sone of the magnetic flux from between the
repel | i ngWpeBess83INO 03/ 019583 PCT/ AU02/ 01156 22 In both PCww2af5and
Figure 1B, an angul ar di splacenent force tries to return the nmagnets
towards O or 360 orientation (ie the fully off position) except at 1800 (ie
the fully on position) at which cl ock se and counter cl ockwi se forces

hol d a bal ance, albeit an unstable or quasi-stable equilibrium 5 Figure 2

shows a seri gspQf) Bt S ACdnd RigufeSl B tan @ chiaf @Rplaeetiént dokot aridsito metitrethe
actuation neans of  a prototype swtchabl e magnetic devi Ce?‘BLS%U ed _ agai nst

angul ar nehigagk aceadn° or BGOh osiepatien He the fullysofd nogisien) StcRt brie e
turning _force when.the sw tchabl e i.C i ' ' Leskt
separ at fOF off BpSifio aty %le’gwlg?rﬁﬁn%g%&érsc& 3 r?ftcfeb.r &%I}%Ed ggglfﬁ éegﬁgd\%s t he
angl e Offghhaaﬁlglbg@uééﬁsﬁﬁglgqﬁﬂibﬁhﬁp| acenment when the switchable nagnetic
devi ce I's unloaded, that is it is not in close proximty to a

ferrgmagneti g ls@f; ffBFce @eatSredng tirarthelactpdtiome nent
wh en9 the svi ?@g%?%ﬁ&ws B s@ﬁe@%ﬁoﬁ@% reldiRve edtfir

e magnetic device is 3.5 nmmfrom the external nangneti C
arti cl e mddhobs a2foRiyROMitchatlc20agnetin clavicheplottadcegajnst apgilpndislarapitc enent

when the sw tchabl e magnetic vice s, 2 mm.0. :
r espect iHagh FeRaRRLG Prqtdﬁ]%trﬁ%re BEi d&? Fugﬂ__ntg_fo%egyﬁ%lgg%\svﬁglé\% { PESP o ce vs
angul ar {15 di;spk 3C RNt MBI titte diitirics Medthex fagetgnetic eubstiatel P1otn2@Ant act

with a ferromagnetic material. As can be seen from_the@gﬁ%ots as.the
swi t chabhewstigreglemfdias/fores ysangplon displacemnent avhep dhefvitshp gPRG {5y net i ¢

article . the forc equi red. t 0 . e Pibobabh&y
mgrift  d® Baopd FalGab R g e Rt e B evi ce
is in gﬁé‘fﬁ%é vgviah@uﬁzndiemheémaﬁ Wienrthesgitehdbbe miagoatict davive ip dakmi fiom
required to rotate the 20 nmagnets hetween th ositio 0. de ) and
on posi tthorextergd wegnetie Articls. Plody Zpg%mZO%%cng%% ‘é{aﬁ‘ef @’Fé:eev? ea%g'l?1 S‘r?ﬁZd when
the switghabl e i & devi RS dagdi.Sknoe eolkorge angt 0.mgmean t he
magnet s ‘ﬁ%"q%ﬁewﬁgg%f%géc@& Wv%%ﬁbftehrenu égﬁetggngersg@iqnnﬁl?’he 180 degree

equi | i briegpacivay eywast frenptha gnagoeticecircwit. t Plot 8§ ethows othe hierest ¥s FBERET on (0

or 360 deqrees) any work do to rotate the. ts Lti
S i urdieaament ien 156 HAGREUS TeeRe daVHEd® 18 SDREoPE b S RReRL | bO
first aspech Ofadt g Wy ?e%ﬁrﬁoﬂl KBRS ok ke FRAERblCmdgnsticalevivelis besught

bi asi ng "nmeans operatively associated with the magnets to bias the gnets
away fr ogloddneo funlektera Ferrqroagnetio artiches the foroei roawiredtovatate he Anagnsts ki the habl e

magnet| Csvscrii?c\ﬂaglee &gg%etrilg deev)ict;eerre 1?(|:es 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 position (0 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 magnetic device has no external
magnetic circuit, for example, where the device is not in contact with, or in close

30  proximity to, an external ferromagnetic material, the force required to shift the device

from the off position to the on position is relatively high. The biasing means is arranged so



magnetic circuit, for exanple, where the device is not in contact with, or
in close 30 proximty to, an external ferronmagnetic nmaterial, the force
requi red wo oshidse3 t he device fromthe off position to thecemyoesitsson is
relatively high. The biasing neans is arranged so WO 03/ 019583

PCT/ AU02/ 01156 23 that it applies a rotational force to the nagnets which
is lower than the peak force requirecd3 to nove the actuation neans to the
on position in the absence of the external nagnetic circuit but which is
suffici Eittag1 ERVE ol BnAGhHA LD Bt HBB1RE Which MeloRr PAGthd grakiforct bequinedesence
of an external magnetic circuit. As a result, when the device in accordance
with 5 thmole tist acsgient mednst thehg vaesitionringhe pbienre obMgcadesl BpGRCHC

proximty to, or. in contact wth XL er. tiGamterial , the
Gevi co. syt e Sonifibrasla Bovpdie RBIRF st QL0 AG BRI : | 1o
first agpect .Qff dhhRtdrhfSRAncliOViRa. A IRYulevisa e dovibairamnrdaheuiwiirat i c
turn-on Feature. In the apparatus of the first aspect of .the present

i nveft i d, fitshaspbitadithepresenidnventien isiplaged IRSIQFe PHXBEY (%1973 Cﬂ’%tg sW@?Nay from
the fully off sition. .For ex | €y | a3 bdtignforce F
as sho ieﬁteﬁ?agg?%o%?gr\fﬂf %at%}ag,giglg%[eﬁfgggg ooty %@%@é%e P Pom The 0 or
fully offfypogktdcofte dhER fiRERSecE of the praemainvertpmemiay tei saidite havesant . I n
the exanpl'e of in Figure 3, the biasing force F applied by the biasing
means hé‘m@tgnatahetura@ni]gqaﬁ%- means at approxinmately 30 fromthe fully off
position when there is no external 15 magnetic circuit. \Wen an external
magnet ci r cuilt thesapphoguschf the fits aspectofjthe present iggFntioRethe bgasEg BIABSAGHi red t o

nove t he ts and hence th V] G Y hO®iRM

posiifi ofo Tet T BRfighersa sy Fo b OR oSfob FMARIIG G bible
rotati ?qﬁéalng f[pf[até;;%pﬁlyt DfortdB aﬁ&fﬁ(ﬁwﬁ $n lF:iZgilret hewlaibls bmf 1;11& aatna@o«t ﬁpmsl aweg n;at ic
Ehe. * on'tiqum i (. ks oFf 1O HOE i ri "o L BB o B g TFBEC ABUE ot he
"on" position ip.the epceof: gn r i8NGl Biakigli theanklOsldEthe Once
an ext ereﬁﬁwpﬁaﬁﬂé}% ﬁg@??t@? % blﬁém%nfogfgageﬁ%%lleot 32)6, tahlegrraf(?nrrum force that
needs t qch@tioRRithhest dpproximstelyBOC Hmni dre'fufip sfftrosition edheadeere és 1 extg@ak he

force F provided by the biasin nmeans i s .greater, t.hanFl, [

aut didmt iToagrejic ﬁﬂ?‘é‘i Waen ga ex&ggalﬁgggqef BHC‘RgésnaS??d’ i‘?{ BFngier %f%egntg%? (Igﬁegl rcuit

I's conpl gt ety @%ﬁ%@d{tg n%ﬁeﬁé@ﬂﬁ%neﬁgﬂdf‘h&ee feQiekRe AutotnakibalB} mevesears svhi ch
ely wt o

appl i es ‘approxi s of force would not rotate the magnets into
the on pagitidnoRuninestightly diffirewtteinhs thevbigsing inteage epriss iagrotatirBal dBEFeHUEC woul d

rotate the MRONCS dOaldatelt A%t A it (plot 31), a maxinmum 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.



swi t chabl e magnetic device was placed within 0.1 mm or in contact with an
external ferromagnetic article. In this enbodi nent the 2 Newons of force
of the biweimngiaseans 30 woul d cause the nmagnets to rest atrCa/A@bkatisye
orientation of approximately 35 when the sw tchable magnetic device is
unl oaded. WD 03/019583 PCT/ AU02/ 01156 24 The enbodi nents in accordance
with the second and third aspects of shhe present invention, may be
described as including an "automatic off' feature in which the device

aut omat i cal |y, 4 urpsebhisih @for@alderwith HEB@peid sndihiduispedts of dreopresent f or
exanpl e, by torcibly renoving the device from an external. Leér (f)imagnetl C
mat er i ainvedtiongengrtel deserbesl ashisclBding anciataneatisrqft” fealre e Whichdaf gLy by

preventing the magnets..fromrotating.i or 8Qsdoid. 8Y- I action

may be @%ﬁmﬁﬁlﬁgﬂ_t‘gﬁlﬁ ﬁffrl ?‘é?’étﬁl@_@ﬁ?l&g%tlﬁ &irgmﬁs%e%?(g Eorl S ap%%’ g? f%r]-‘gmlgngul ar

di spl acﬁﬁiﬁﬁﬁné‘% Astict NBorh eArflekiéenal fefrémap@giet material. thn Eempualetsn®s &hg. Pl ot
e

A shows orce for the case where there is no external. nnﬂ@e‘téjflﬁ circuit
and Pl otaBoraaimastlt fieaturk s echiprrsy by preveriingsthgmagnets Rom 1iAiHe! uit. 10

For the device tgo operate in th ti.6- i A WRYchut b bigt®ft he
i nt er naP?” Pt EHJS ﬁ?‘?\@%@\?ieé@,aﬁ%?%%pﬂﬁrﬁé%g t(ggl £ %%ér ri dabl Ig ret ai ni ng
devi ce 1R REmedn airse aRtrelatiod foree, togetirek ggthrRigurahn 6 & 7 hBlobAtshowal

magnetic path i's interrupted. Figure 4 Aillustrates, th i,cabl e forces
in an eftsofdioeefor tsf casaevhaie Shase fic 0o PrieMA) MASEHG PGt ?‘é‘f?ﬁ’ﬁ? o Sh@e

internal. fricti £ i . ;s enbodinent it is 15 assuned that
the devi¥&e ?’Vgler &Fﬁrgﬁse%p%ﬁgﬁ%l,rﬁ@f?@ﬁ%ﬁ( Figure 7), ie, it is not in the
180 quasi -equi |l ibrium position,. b LC8 4Sv ikl Gkterdit h, or
cl 038 proxi n P’S/ﬂieod%?’r\cepgk?%‘?rﬁtglln?rtnggﬁe{&?&cat%im?ggﬁa}e’ guﬁclﬁy 2112 hgéé)P{ee?r onmagnet i ¢
mat er i algiRnosf Be '@PILESEN puipdee belubwindable adtainingrievickonae be asse dhsy
magneti c repul sion between the magnets in.this. condi tign. In this

conf i gureset fraturdristaggasediwhen the sxtermpl el Raly FARCHFUPRS acting to rotate
the magnets to 20 the "off' orientation. The internal friction at 175 is
shown at X Tigwse #rA cilisomtes theoanpicable &rsessingameerpladimentynd tﬁ%@‘?‘?@’f‘“iagc PGrce W

and because the frictional, force is. a t 2. W b A ins in
the 175 S9BESHALGR LVing gt e frﬁ[%mﬁfl g‘ﬁ&%grértggﬁ FI (a8 ont %ﬁgﬁ%n%gﬁg{ ?tg& pat h

Is iy P'a§&§ned' hat (€ B¥chH akitticdonPR! BBANITE?, (Vigued M), iis ibisokarin the&80°
repul’si ve torce etween the nmagnets becones that sho by Plot. A and the
repul si wmagiosoiibhienopesition, agdthahthstievice ds Bagaatact WalK, X CIa8S RIOXIUR] 10 a1t he
novabl e magnet is dri.ven towards. the off. R N dbsdnbethE \Siave
magnet i AR EmAgRC; GO %H‘fgaaf ﬁge??rfl%%qeéﬂg‘% %fr%)a?'glglog?e I|5_ns equl | ?éé)lrdl um at Z.
rotational force caused by magnetic repulsion between the magnets 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 magnet(s)) may also assist in retaining the device in the on position when in the presence

of an external magnetic circuit.
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sto S nter-engaging with one or both of the first and second
magnet s Aloerngiivelyg rihe rigjasing an¢ans wdy include air pressure means, pneumatic means,

bimetallic spring or indeed any other suitable means for applying a biasing force.
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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 magnetic circuit is

present.

In embodiments of the second or third aspects of the present invention, the rotation
limiting means may comprise a stop means preventing rotation of the actuation means to
the fully on position. Alternatively, the rotation limiting means may comprise stop means

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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The device further includes a top cover 23 that is fixedly secured to the housing
formed by pole pieces 12 and 13. Cover 23 seals the top of the housing formed by pole
pieces 12, 13. It will be noted that boss 20 extends through an opening in top cover 23 and

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

In 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

25  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 Turning 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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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 a 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 In an alternative version of this embodiment, the rotation 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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In a first arrangement of the torque limited switch, the turning mechanism, eg

handle or lever, is connected to the movable magnet through a torque sensing spring

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 to 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. Inner 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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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 displacément 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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G R

around t e 5B shows an enbodi nent havi ng oval - shape pol es
whi ch nmaxi m ses. t he xternal .fli i A3HcBbS of hdWbtdbigord he
device in pl &8P e?’ﬁ@beﬁ%Ftéet%aﬂrrglgén]%’te%cﬁ%%ga@f@%at s ncgrrpl ete magnetic

Ci r oW t Softh€mABheticimads d€hisgeetvi@and hBre is an air gap between

round pole pieces, where the wall thickness is constant and the magnetic field

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. ITncomplete magnetic circuits are met in practice when there is an air gap between
the bottom of the device and the surface to which it is to be attached, or where there is a

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



the bottom of the device and the surface to which it is to be attached, or
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magnetic circuit (along with the nmagnets) and have an i nherent magnetic
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mnimsing the length of the poles mnimses |oss of magnetic energy and
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i nvent i Qvice aRdaRGuMcRosMiitichabiteichedynet i ¢ device as described in our
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i nvention can 15 advant ageously be made i.n a nodul ar f g[ Thus t he
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swi t chab magneti c device 2000 is_a sw tchable magnéa evi ce (gOlO as
descri beslatas tg@nmedmlabgorﬁrgﬁlon for a switchable magnetic device modtles uSe

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 connection with
figure 5A and as further 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 plate 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



figure 5A and as further described in PCI/AUOQ 01505. Mounted on top of the
swi tchabl e magnet device 2010 nodule, frombottomto top, are the

fol | ow ngwowdil®s83 a rotation |limting nodul e 2020, a sprPcmguwdulse 2030,
an operation node sel ection nodule 2040 and an actuator 2070. 25 The
rotation imting nodule 2020 is adapted to limt the rotation of the
rotatable magnet to a predeterm ned3angul ar range. Such a rotation
limting nodul e 2020 can conprise a flat plate with a slot or aperture
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fully of§ peskdsi fesin tiee fullyerfipositidm der extniple] 7hdegreaseiotnrevide g atongtic
operation of the sw tchable gﬁgneti c device as descri bed above. The

r ot at i ofrrpioff funefipn asslestEed@90VSay |inmit the range of angular rotation of

the rotatable magnet to |less than 180 degrees, fromthglgfulr{‘%hoff ﬁﬁsiti on,
for exanpl e TWO speg swslule I weludes ahoysiig pRYING 2 IUMALSROTIH &8I as

descri bed abovye., The i.0g: j ' &laBHetRViIcB 2020,
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turn-on nygﬁ@hgnality. The operation node sel ecti on nodul e 2040, according
to the sent enbodi ment 15 includes two buttons 2050, 2060 whi ch can be

used to activat E’P%%‘%a@\%‘%tl" g %%Egﬁﬁﬁuleai&@ MBdcbfaity fo fhidrédefnEmBddimbet

sw t chabl e C e operation node sélection nodule 2040
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functi Ons%ieicttiélﬁ m&i‘lﬁe 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 upon 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/AU00/01505 and



20 operation node sel ection nodul e 2040 nmay al so be configured to interact
with the spring nodule to selectively allow tensioning of the bias neans
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surface on which the bowl 1s supported, will_ affect the magneti,c,fi.eld
1040. The extent and permeabili%P of any external magnetic circuit IehddCto e

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 bowl is supported, will affect the magnetic field
generated by the switchable magnetic 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  collection 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
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i ke d Those which use magnetic attraction ag a securing

nunber aqhagnetioditmetiirsascf sdcaindiwsans Alnuager péembodiments of latches wnﬁ Sow be

described which utilise one or the other of these latching 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 having an actuation member 1225 attached 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



descri bed which utilise one or the other of these |atching nmechanisns.

Wi | st these exenplary enbodinments will be described in connection with

| at chi ng WomB®19383 Wi ndows it 20 is envisaged that these emwodthusentise nay be
generally applicable to latching any noveable article, for exanple tool
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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



is aligned wwth that of the fixed permanent nmagnet 1240 nounted on the
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magnet 12%O0 oanhsBhe switchabl e magnetic device 1220 causesTauoepulssi ve
force to be set up between the magnetic el enents 20 whi ch pushes the

| ocking pin 1250 fromthe recess 1230 of the first conponent 1200, and

t hus unl ock the door. As wll be appr3sci ated by those skilled in the art
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magneti c device 1310, which will typically be nounted on doar - t he
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The door can now only be opened if sufficient force is applied to the latch 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 the handle 1330, which is attached
to the actuation means 1320 of the switchable magnetic devicel310.

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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holding the movable parts in a latched 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.

Tn 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 device 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



magneti c device 1410, as shown in figure 14B. In this position the
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A similar principal to the latch for concertina type doors 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 cutlery block 1500 which is configured
30  to hold 4 knives 1505. Clearly a holder of the type described can be designed that will
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oppositely aligned. Munted between the sw tchable magne(fi c d(fgig:es 1505
are a pl ural iToylod cutlery in the block 1500 the two switchable magnetic devices 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 cutlery 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 cutlery 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 concert.
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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br oken aillopareldasd bfythb rsocktﬁm prBssute. Préfergblyt the spme actuation means can be use
turn off the switchable magnetic device 1720 and release the suction in the skirt 1710.

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

20 particularly advantageous in the present embodiment. If such an switchable 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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The OCS depicted 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
75  rotation of the satellite during reorientation. Bach 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

1o further rotational motion will be applied o the satellite. Thus, by selectively varying the

30  alignment of the magnets of the switchable magnetic devices between (and including) the

on and off positions, to change the external magnetic field generated, and by changing



reduced. A plurality of sw tchable nmagnetic devices can be used to control
the orientation of 15 a satellite in orbit around a planet. An orientation
control swetem9seCS) for a satellite which enploys at |e&stu/Aameopasr of
swi tchabl e magnetic device and a nethod for controlling such a satellite
wi |l now be described in connection with figure 16. The OCS depicted in
figure 16 includes three pairs 1610, 49620, 1630 of swi tchable nagnetic
devi ces which are nmounted to the satellite and controlled by the

sat el | i jel iAo ki Ao NS SRMitcERs bri@itatidheofPiatetlitt 6 8 dirhéRbyns b&BBe of
swi t chabl e magnetic devices interacts with the planet's nagnetosphere and
i s usedalteredontrol the orientation of the satellite in one plane and
achieves this in a manner anal ogous to a conpass needle. The sw tchable
magnet i ¢ deviacsdtch@ile mabfiatl dad@tanrisodmaised tst ereatp Rymagnaiie Selddp defiect

satellite and are driven, by a driv ns, | r Lt b

count er ietrically ehasgekor paset ericls- g-ihg%grre&o ﬁe@%&g ‘% \éﬂesézabtnﬁoﬁ?c% gyduri ng
reorgen gﬁa&n E ihadhbtis el & Padtugedagngiel switthidbleemagnaiot dotice by

ori egnt artvl n o%het %%ang?e aIlglaté ir?o?e E)ll Zne. When t he swi tcha_blg magneti c
devi ces cidngimethpaictatize ericntation ofrthe magneis (of the switphable Bagngtigndqvieset (38xi s of

satellite with, an external netyc field. And when they are turned off no
further dFﬁfp%F%]H}"ﬁ;ﬂnn%ﬁno%%ﬁE‘?‘eﬁ@‘appl ied o the satellite. Thus, by
selectively varying _ the 30 alignnent of the nets qf th i %pﬁg e
magnet i c devF@é%X%lmélﬁagPﬁ%Ih%Hc?ﬁﬁ Fﬁéﬁdt ttohqa':"ﬁaegtn(%&}:ﬁfg(5)13%t lcgegmr%lons, lit 0
change Ghe extehngl fBeRch] e dfldvipaetial dmdaghby diangigagiold Bah019583

PCT/ AUO elr orientation relative to the satellite the
or i @0t atiemddhe Eastht Al $witchabla 1Bagtietie devionsae dn Bamte) tostagd a0 AUBHERhabl e

magneti c deyi ce can al so used t r e et I ct

el ectri @8& P)éaéP%‘PFgfé"(f? (o1 S%Fﬁﬁﬁ?é?&éwﬂéiﬁ%i t§?11éesgr?qxg%9(ﬂle%or géﬂgf‘é %lg%%%eégﬁdéﬁ can be
control Led by fBld%hikh RET iReraexiveth MdvinBdnegddpdrieksd opmagutiecpattclesto

swi t chab magneti c device by changing the relatjve _origntation of .the
magnet s defle¢ththeswifitosh iolliding grig ithe dpgsec Eaftashs dlesainee?Pavh RSAREcHCon wi th
figure 10).. For exanple a 1.GEd .Rd AgfelBfehcs hathoed
parti cl é&‘)ﬂ@?}ﬁ? 3?3(58%?39 ﬁgws;erp%%gsérsa%t%he?rg%g? gﬂbl&? gl,%??(ﬂﬁt he gama Svay as the
magnet OSpRAME oflehiragiismPadr behasmisedm 10 around the Earth. A switchable
magneti c device can be nounted toward an "upstream end of a space craft or

satel I'ite angygwhtgdifdetnReh ASvARhAPR hagitticUegRiRaimd! the anagieysphetecranal

also be used to provide short range acceleration in space, for example to position or

O==

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 retains 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-earth magnets is employed in welding application.



magnetic field which wll interact with noving charged particles or
magnetic particles to deflect themfromcolliding wwth the space craft. As
descri bedwelweweskecause the swi tchable nmagnetic device caoThaogsmseéhed on
or off when required interference with 15 satellite or craft systens can
be m nim sed. Interaction between a sw tchable magnetic device and the
magnet osphere can al so be used to pygvi de short range acceleration in
space, for exanple to position or recover an astronaut during a space

wal k. Fyrt Qg% ﬁﬂghétﬁ ﬁa\',e%gh ebersivity aha BlcpcfomRaRe Wikl ndeddntgsetiseadtitilight o an
enbodi nent or the preSent invention may al so be devised. For exanple
one or ¢tectdc swirdnthbkdle to baepretitereddn sed? ¥8n be used to secure hose
couplings during transfer of liquids or gasses. In such an application a
swi t chabl e npigaetdicshdensi aostdveayi schermaticaview it tnable suspenstad FYSNLTRE Rul ar | y

dvant t he ) Ki th I ' j
per 1 or miw aFhgblequsanetn Aevier oper e Nen Y fiBmRgRdrtd ihoh St
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conrfect I'6n o Ing or thHe like. In use the magnet csn be us to hold
the wor s peceseienagnatedsdsdMasntedet Ithebagsr ofviha SYHRIE| 2P 11 @8V IEGANECt i on

bet ween t he wel der t.he wo i ece., Preferahl t ] 1 retains
t he magfegaeticsde s %%&gﬁ’%}?l%l% S fi%a?%?’trlﬁ%t %gﬁ% éelsgto § f}%g{g%% ﬂr%gé%\/?}il%%ebet ween
the POWRL. SQULEEriaREHSNSEE KB hndlenbs iof Ghensiitthable Abpantiadeders? 32540 3erysthiet chabl e
magneti c device using rare-earth magnets is enpl Qz/ed J nzﬁgédtl%g of

appl i catkiemal Wag6aifiedgsereard A theosritrhable Inggetic dayien netS™MEVE hi gh
coerci vi and erefore are W/l t ' b heake 281 aiteri C

cur t8nt gtsﬁ E‘Quf)%epoorb ee??go%ntflxe){?}el& Slﬁlﬁ’ a}sug@g%&ﬁ%}é%ﬁ%ﬁ%&gﬁl e 21 shows a cutaway

schenmat ia%xvédeéucﬁfthaa WiEnahb ewiitlsbin siagnetydevirn insumgd an they wihegpekeathignet i ¢
devi ce. e suspensi on system 2500 | n%udes .aﬁl%it st on .tr.mug{teeqst&y%]lo R that
it can ogerpFlosawbemiherivitchably maggelic 9Be 1SNB bnft FYPAY 1 EC1%oWer “gnd of t he

pi ston 2510 is, a.perpanan %;Bm?t 151V e c@istoddte upeandad@viofvithire tiey | i nder
2520 isSBSPSWH?dCWg& eﬁl%nggﬁr}(el i C ee\l/ﬂ%gléSaZbSZS V\/n(?%ﬁ i nel udes an act ua%legn

means 2%3fnddrN@he irspudstaptfede thetvedeanipe petthananeinaengie2hy and dig BHilgROhe
A T e e L S R,
devi ce 2525 ssiosutivadmbave sreierat! HHORBHACLRY (T EDR D N Bt i s
turned OnQaélQﬁX d\é\éilccle 2559 gérie%acfépending 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 thus providing a tunable suspension system. By increasing the external field of the
switchable magnetic device the equilibrium 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
7520 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.

Tn 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



ot her. Thus, when the sw tchable nmagnetic device is in the on position the
pi ston 2510 is suspended within the cylinder 2520 and is able to

reci procawe ogp1esdl down within the cylinder. The repul siweTfAaneme1iset ween
t he permanent magnet 2515 and the switchable 15 magnetic device 2525
behaves like a spring to noveably support the piston 2510. As descri bed
above the external field presented bwy4 he swtchabl e magnetic device
magneti ¢ devi ce 2525 varies depending on the degree of alignnment between

t he magpRtSacrific HRl SHEeHAED) hermrgibble nilgpnktie dahabwill hieatevaidy ainirentsxt er nal
field can be used to vary the |evel of repulsion between the.maggets 2515
and t heirsthietelstetrislally wandustive padipnod thepiston 1Qﬁ%PftgtHU%a“5%n8\ﬁ Mn% &E‘ﬁabl e

suspensi on syst.e Byl ncr easd ] | peld of the switchable
magnet i & Sﬁ’glaﬁlﬂ%oé iPrst ?lﬁu%q%lt(t)@:ﬁtﬂ?%ﬁ%%p@t%?fez pi ston 2510 is rai sed
relative to the_cylinder 2520,.and ver sel i er nal
strength of AeVEPG %mml%tegﬁﬂdh%stei S&&ge ctzlgféz‘gxtsﬁ%%éggﬁIS?%?I%I%OS)(%% tion
of the BLS}BE 2500hR dafl AVMEadoRsy MR 18Xl i pREbe oRBAD springdspukt echydFindicfar ce
requ?regb$%8§%rce tﬁé pist%% 25%0 tomardgthe swi t chabl e 25 nagnetic device
2525 al poeinmticategsngunesnsi ncr easi ng strength of the external field of the

swi t chabl e magnetic device. In the preferred enbodi nents of the suspension
system as deFarthdembrgboten theeswinihablenmasudici deviiesdisstusnas iro yhe fdbt pical

conductive .portion adj nt to jts Jower end.. Th i (o j
portionPéﬁﬂo%émﬁﬁﬁﬁnﬁjﬁﬁgdﬁ%@ﬁgioﬁﬁ %PH?H%?%V)Ehﬁgﬁgﬁ?gLﬁ§3@%%?%’t%@% 30
mat eri al, 1 . Theibh 9hby SomdUsHicneblp hidretlc ideviee ®A26 ethdt eauisert thedtsperaictanpi ng
effect to the suspension system The highly conductive portion of the

pi stlon 2ihfs whieok movietrgctad phsitoO 03/ 019583 PCT/ AU02/ 01156 44 the magnetic
field presented by the swi tchable nmagnetic device will create eddy currents
in the el ect isowill e sgmetiated by thse tskidled g thehat Bieqreonamsy Dagpd2oby RAWusi ng a

danping affect —_on the oscillation of. the piston.25%10. Wi I:hi itk j nder
2520, " AberPRRcaiNapiEes SYUEBY ‘oRBete dRer Mo E AL e RE e OT
system %ﬁ%%nﬁgn sgstglﬁ,s Ghd RS HrABAVIRBCEADR AdNABEPIAAUS Wheh@heISther bwWitfHabie of
coil springs, and or hydraulic or neunmat i ¢ danpi ng_neans, Further pore,

when t hensaietic devite isvagihe tof & pefitions & hesrelativ e @asitipisook the spilchable magngflfsi t i on
t he magnet, 2515 nounted on th Lston 251Q i a h :
ferﬂénadﬁ@??cm“béﬁgnﬂﬁwfFﬁﬂgﬁgégﬁ%fm?%éxégﬁ%%ﬁgg%g'%@gﬂg%?g&dgvrg%‘%%25 and
causes ther3IUsRERy e skllcdBAMEe 5@ thACKsisPerdisresystnt ethpydig omEnor 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 braking 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 external magnetic field provided by a

25  switchable 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



As will be appreciated by those skilled in the art the permanent nagnet
2515 may be replaced by a second sw tchabl e magnetic device to provide
addi ti onawotoanasBl ity to the suspension system and to pPerat2boski ng of
t he suspensi on when the other swi tchable magnetic device is in the off
position. The relative positions of the swtchable nagnetic 15 device and
per manent magnet 2515 may be interchas#ged. Furthernore, it wll be
appreciated by those skilled in the art that a suspension system enpl oyi ng

one or MBlBetiS\Weliehab! RedmanetanCexiemal esagnetd fiehl. Tlak strértyth fodrtheofddy pi st on
and cylinder, and can include any arrangenent erere ti.vel%/.rmé%abl e
menber s conenthaand lgppo Shengjremginet the brajdpg daree £33 §E 1eAset REBHFTTPS

Figures 22.and.23 show t : Ldi 2990 is@dd] @abtiRKi ng
devi ce réﬁ%a%nﬁ‘g‘g’%“@a%%ﬁgfﬁ{? el\?;clh%@.re @é@%ggﬂgﬁggnent Sshown in figure
22 and 23tei@ll nApetié MRIDpieReited endréests. ebtyleareaseeht drakinng fvec ithel cdadivei n a

body of conductive material noving. relative to netic field. and that
thesé eddignmentredihesmaengts ebihe sWichablgmagneticrdsyice ?ﬂ%ﬂ g@eber ‘gercéetais {8 M¥ovi ng

g\(/)\ndlt gﬁaggagg%ﬁgs%%?ghlo EXI&&M&Megﬁé\ﬁSﬂﬁﬁlﬂ).mgneti c field provided by a 25

gnetrc device can advantageously be enployed in an eddy

current braki vi.ce to QVi J I i now
to figure 22 F\?\ﬂ,}rg %gs%w& oA @fegkalﬁgg f%ﬂ[\}\g%%]rﬁ ﬁg E@@m@% gﬁag[ﬁéﬁﬁrr%gg %‘gﬁﬂgblﬁevi ce
2220 noypssdiadiencent s binbodiindat fircewitchabledinagnefi2 Bvics 2330 ds imguited t he
direction of arrow 2211 with respect to thg, SW tch@gla&ﬂr’?gneti c gevice
2220. Thwithis| acylinden@BilBvkieh 39 ngyabley Dy theoqisechiaps e HAEE etic
devi,ce 22 hd e (& 230t hstab R Qerdfic tdeeicaneao 2230

adj a} entreﬁg"%oe{hgvﬁa{f%ﬁgﬁ?gryaﬁg%{%reﬁué& ej\/}ioégﬁaﬁgﬁ&?he svvlgI% cﬁabl g WO 03/ 019583

PCT/ AUO 24rfh &6 suchShareignedlésc2 W0S\extendi arqss dsediaineter aff thexexdinden 23Hg hethic

field. The strength of eddy .cyrr.en and .hence ,the str th.. t he

br aki ng @@?Q@énélﬁ%hﬁéwtﬁéﬁﬁww H?]Vd?eegi%%@v%? H]é(?ucF &gy icbnér%rg?iqlg ﬁ%%ﬁ of the

magnet s é){sot %th%%&ﬁﬂ?béaﬁnﬂ&g@ﬁtd FhES Vhe SwRRDIS Habndthadeviteis @xiher ol
cfie e

magnet i presen I ncreases. To decrease the braking force the
rel ati vepdsitiini gnnment of the nmagnets of the sw tchabl e nmagnetic device 2220
can be decreased (ie the nmagnets can be noved towards the off position).

Fi gurse 23 shoMgaiabyalatyng diel alignaentobibremgntis oftlvswitchbblaknaggetie devgce
swi tchabl e nmagnetic device. In this enpodi ment e swi.t chabl iC
devi ce 22320 the exiguirnfdhe edgy qymsents 2396 Pﬁ‘ﬂng? v a%i]ﬁ]gf‘u ﬁ}esbr%ggggﬁ%cq?%qg%e
di recti ofg; Bt 38! GH bB¥afdd. oWs 2311
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 magnetic 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



10 relative to the swi tchable magnetic device 2320. The sw tchabl e magnetic
device 2320 is arranged such that its poles 2325 extend across the

di anet er wb oBlessyl i nder 2310. In this enbodi nent the swPCthabkelrsagnetic
device 2320 will induce eddy currents in regions 2330 of the noving
cylinder 2310 when the sw tchable nagnetic device is in the on position.
15 Again by varying the alignnment of gghe magnets of the sw tchable nmagnetic
device 2320 the extent of the eddy currents 2330 can be varied, and thus
the brafl hREGGR! @R e prévent NHRendshl Cereampises adll eghch Asasidtions bend
appreciated by those skilled in the art the variable braking principle
usi ng amsdificatians! tkatrfaly methiritospititeadseepe ncl ude a plurality of switchable
magneti c devices 20 nounted relative to a novabl e conductive nenber
Furthernore, the sw tchable nmagnetic device can be arranged to nove around
a fixed conductive nenber to provide braking affect on the sw tchable
magneti ¢ device. Furthernore, both the sw tchable magnetic device(s) and

t he conductive nenber may be novable. As will be appreciated by those
skilled in the art the switchable nagnetic device as 25 described herein
can be advantageously enployed in any application where a magnetic field
is desired, and in particular, nmay be enployed where a nagnetic field of
variable strength is desired. Accordingly, the present invention should be
considered to extend to all applications of a switchable nagnetic device
of any one of the enbodi nents described herein. 30 Those skilled in the
art will appreciate that the present invention may be susceptible to
variations and nodifications other than those specifically described. It is
to WD 03/019583 PCT/ AU02/ 01156 46 be understood that the present invention
enconpasses all such variations and nodifications that fall wthin its
spirit and scope WO 03/019583 PCT/ AU02/ 01156 47 Clains 1. A swtchable
magneti ¢ device of the kind including a housing, a first pernmanent nagnet,
a second pernmanent magnet, the first and second pernmanent nagnets being
nmounted within the housing such that the first and second magnets are
rot at abl e



5 relative to each other, between a "fully off' position in which the north
and south poles of the first magnet are in substantial alignnment wth the
sout h andwop®swiwsgbl es respectively of the second magnet ®arhuobatisshe
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
positioned substantially in alignmenygzwi th the north and south poles
respectively of the 10 second magnet such that the device presents a
relatively sgifipg external magnetic field, characterised in that biasing
means are operatively associated with one or both of the first and second

magnet s to bjas el ehabley bRt 8 bf 9 dirteiaiding awbtdingha Gkl y_on

position, and wherein placing sald device on or in close proximty to a
f er r omaggatahént M@dnet,issdecomlipemanbe thagrst, the firs @pd secandgreamanend Maghgife to a

relative orientation such that the 1 evi ce pre l.at ] stron
ext er nabeipgagramted Wlt@nd&lei?ouﬂngvﬁuflﬁ ﬁl?fgltge Vﬁiléén i E?fg%/lﬁlg gn%tg agelt %Q:ﬁr%% ®in °
claign 1 g egg @aélpotﬂérebet‘ﬁ&eé@fé'a“%ﬂi}ﬂoﬂ"eﬂés@tﬂ)ﬂi%vﬂﬂcl@t’hehfbr@ﬂ@ﬂ&oumqmﬂesidfy to a

ferromagnetic material t orcerequired to cause relative rot tic%n of
the firge fsinsgmoae imnagosargial alignmaknt with thesouh and poréh pelsh1sRecEifith a

first predeterm ned force range,. and en J I I W act

W th of ersesRIBREt SRS 5 SEHoaPREr R AAGRLLE FuE Byl gl iR

requir eﬁn&‘% %ngon’eﬁ&hioheinr @hahi @8 @ith fke séiith Polanef thechinst meggeetrs t owar d
the fully on posSition is within a second predeternined force ran sai d
second positletee substeatisly ealigompat Kath He nerth; ﬁﬂe?oug{eaﬂle? S?SQSCt{Vﬁé/nogﬁed

first predeterm ned force.r i i i ﬂlag@@;@lﬁ@@a

r ot ébi oo d?i%‘eff)ucfhb‘iil%%t eﬁ{e%gfdglpgg %\I}%gﬁgﬁegﬁh&@sgﬁzﬁﬁggnet s towards the
fully oRpRashiicnn Wit biaidonems2be epaabdingsotistepadth dnerarebadi of the sl st
predeterm ned force range, but |ess than tf&(g. 8 ak f(%r(%e é)rfdt hefuﬁ§c0%nd

pr edet emnil rreebridomegngts 4@y diast e riglsiive A0leheR of i l%nﬂlﬁﬁ’%ﬁi P orrat i Cal |y
rotate toward {h OS] | EclHfY bfeRirthBy @8 a0feriofhaghetie

proxi m tp)‘?s 18n’aal}dg‘r’vﬁ%llr%%ﬁfeﬁt@}r% s:rajla% g?ﬁé%ﬁg?ﬁ% devi ge_ as _}(’:I ai med | n(glél aim1l or
cl ai m 2 pieigichudel thefiraisinigenmanmagstsato ra@testora ralgtive\origmatiomsygh that the

PCT/ AU02/ 01156 48 4. A switchabl e r’iggnet i.C d@vi ce of the kind including a
houding, dexicp prasents p &7l Ayran ProRe ATl aE0ed e r ranent nagnet, the first
d

and second pernenent magnets bein - pount thin. t qe ﬁousi n u‘%ﬁet hat
the first an@.secdnawiielhphla magpesicdsyice g8 clrimpd i plaim 1 wheargig g{SE’er "“het ween
a "fully of fevilCRidd §Mn aoé’gnﬁr%;airﬁiﬂﬁtong I foripa 8O HaberRP kRS fdée required to
cause relative rotation of the first and second magnets towards the fully on position is
within a first predetermined force range, and when said device is not in contact with or in
20  close proximity to a ferromagnetic material the force required to cause relative rotation of
the first and second magnets toward the fully on position is within a 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
25  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

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

proximity to a ferromagnetic material.
3. A device as claimed in claim 1 or claim 2 wherein the biasing means is a

30  spring.



5 the first nmagnet are in substantial alignment with the south and north
pol es respectively of the second nagnet such that the device presents a
rel ati velwowaakosext er nal magnetic field, and a "fully onPCpodiotoorssi n

whi ch the north and south poles of the first nmagnet are positioned
substantially in alignment with the north and south pol es respectively of
the second magnet such that the devigge presents a relatively strong
external magnetic field, 10 characterised in that said device further

i ncl udes rotational kyidi88 HRAGIC BeditdTof thhkieX imdidingfa hinesingelaafirste
rotation of the magnets. 5. A device as claimed in claim4, wherein said

r ot at i operiraneiti magnes ansecopd paimasentamagnekhe Srdang r?e‘éﬂ‘n%t PREMABIN S28E 8 ween a

deactivated state in, whjich the nor f i ghet
ar o s beige seeye Pt eneh duffe, (i, RO allagetSan KABBITTD0E
the s ecﬂﬂ?ﬁi\%% RE¢h SHEN bbRaden bhEultevift postti@smntisicl thealath andl sputhemheseott er nal
magnetic field, and an activated position in V\gi c&ﬁt&? north and OLfth

pol e§ ofhet fivst Mgt areingrbstaniiab ahgnent sAddhe SPHE 2ndaPER Poleh TEPFANRE wi th
the north and south pol.e ' g RBaANalasstictididat the
dovi ce HiecCEmREmazes PGt (haf ‘3‘%@%&8@5@“&?2@%@3’%@?% T S

devi ce gsq Gl @l Npdsitiinmirbwhidhethei wortnandsoute amidsvef d Srshmeagnfleagngl e of

m sal i gnment of "the north and south poles of the first nmagnet e south
and nor phsitipeidegibsianpialbt iy aligrognt (v g’éc"tﬂﬁtg‘ hdgiputh Pglegée%gcg[}veeggggﬁﬂél ess.

7. A deyl ce,as, cl.al LD ! anfd P rQtively Weeiehiteinal iagndieafidli,vat ed
state Fﬁcé’ngr{é?é“eg ﬁa;}ldtshgﬁ}%n#e}%’e 1%1% t he f]or%h yand_ sge(;ut h pol.egn of the first
magnet anstaétseldutiat s28 dewite farticn ignbides rotatsqrelimiting) eass te Huitdbe BHEagnet

is 30 degrees or less. 8, A devitce as claimed in any one of clainms 5 to 7,
wher ei n Of theglative iteliqpaefdhe MeEs'E  he rmgnets are in a fully off position.

9. A device as clained in any, one of clains.5 to 8. wherein in t
activated sthate, 4 e VigR seclatmed & ClaRnbnivheen ﬁ%‘dn@Faﬁwnaﬁﬁlt{s}l&E%a%sol es of
the first i peﬁtiv?qgta{iplﬁ of %gﬁ%‘n@ﬁ 1RO tRAk ISt t6 P Raich i Nore ariche

(I egr ees.

second H&gH €ss than WO 03/ 019583 PCT/ AU02/ 01156 49 10.
A devi ceoam sdled oBthei firsamagnstearoinast alossly Hligoed withiibe sPwh; gndi npsthapales at ed

tate, th le of msal] t of t th_and . nal first
ot anterily abiherreapiid Baaeh oy 0 e JRER pERFS BYURRTY, SRalbbbiL L 1O
appr oxi 'Bla@'eﬁc %hdj%a&%ﬁsacﬁ%&ted AostBh GE vascHEIhRinbe dud savh poles of thel fistis 5 to

10, wherein I'nthé activated . _
magnet are positioned approximately in alignment with the north and south poles

respectively of the second magnet such that the device presents a relatively strong external
magnetic field.

20 6. A device as claimed in claim 5, wherein 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 50 degrees or less.

7. A device as claimed in either claim 5 or 6, wherein in the deactivated state
the angle of misalignment of the north and south poles of the first magnet and the south

25  and north poles respectively of the second magnet is 30 degrees or less.

8. A device as claimed in any one of claims 5 to 7, wherein in the deactivated
state the magnets are in a fully off position.
9. A device as claimed in any one of claims 5 to 8, wherein in the activated

state, the angle of misalignment of the north and south poles of the first magnet and the
30 porth and south poles respectively of the second magnet is less than 15 degrees.



S5 state the nagnets are in the fully on position. 12. A device as clained
in any one of clains 4 to 11, wherein said rotation limting means limts
the rel atwoespotsat i on of the magnets to | ess than or equalPCTAW011sdegr ees
13. A device as clained in any one of claims 4 to 10 and 12, wherein the -
10"rota_t| on limting neans prevent said magnets fromreaching the "fully
on" position. 14.. A device as clai medgin any one of claims 4 to 11 and 13
wherein the rotation limting neans allow the relative rotation of the ’
magnets to a .?Xtﬁgfevi%@%@tc?aﬁmkﬁ‘%anvﬁgﬁe deenRes 515 9, Avhdmn dethesactivatedred in
any one of clains to 10 and 14, erein the 15 rotation |linmting neans
al | ows stafeathie\nagleatfaiisaligomenthef thegauh end south peleseriths fissh npgaet qnﬂége "fully

on" position. 16, A _devi . i med | : i i
(n use D andos@wb%olssir%ér%%g?éy ﬁifﬁa'e%‘é’%oﬂs?%%’%ﬁ PabpBhtidlyTh delets L0 e al
S are reta i i L i ni
2017 A devibe ob GMvEeREANRCA, SONOH SRER b o o e I AkiRed O £

devi§e i ' l; b L [ [ [
ot R 1060 BR B9 ¥h PbiiMod 0 @ ferromagnetic naterial a first
:‘Ag(ra(r:]e |_§3re§qu?lré%€_!?o retain ?he%r%agnets in the activated position, and
sai eyice i,s.not | - D, L rr hi ighi al a
second for ce?ﬁ‘gr eé_t %?Vl(fe}'néaynd? irﬁrge%fellnr %@X?ﬁé@r %%?lta?lgéﬁ ggﬁilf ggﬁfﬁg@trsgg ariaﬁht6 %e
nmagnet s jiidd thedhd livadsetle pelativd eotatiandf eemegmets hee lase tthdmpngauebite d SAppl i ed
to hold the 25 magnets in the activated position is greater than the first
force b_dtigrb@ﬂss than the second force, thereby allowi ng the magnets to
automatically rotate toward the deactivated posi iori thg devjce is
][em)ved fromla podi tiedee ias claomedidn apy toRe B Glaims) ‘i)é% Br%eﬂ%tv §rginythe
erromagnetic.material . 1 [ (=Y WALt n | ai s 16 or
17 Wfer Spigtion i g sn R EROTo R BlTRE LAY o B0 g 6563

PCT/ AU02/ 01136 5 9.. A devi.ce,as cl ai n aj 18
which furt her1_4i ncg’ué@éwe PR P ﬁﬁgnoggg%nélgg%réggpg g%dp?%/’ gﬁgrgtéla%}%i ng
force tq &b liRiAlemERANELS the réllieycatatisalof the magiets toranvdxémt gteatedéwince i s
in contalcgt)dvmth or in close proximty to a ferromagnetic material.

egrees

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

“fully on” position.

16. A device as claimed in any one of claims 5 to 15 wherein in use when
device is on or in close proximity to a ferromagnetic material the magnets are retained in

the activated position by a retaining force.

20 17. A device as claimed in any one of claims 5 to 16 wherein when the device
is on or in close proximity to a ferromagnetic material a first force is required to retain the
magnets in the activated position, and when said device is not in close proximity to a
ferromagnetic material a second force, greater than the first force, is required to retain the
magnets in the activated position, and wherein the retaining force applied to hold the

25  magnets in the activated position is greater than the first force but less than the second
force, thereby allowing the magnets to automatically rotate toward the deactivated position

when the device is removed from a position in contact with or in close proximity to a

ferromagnetic material.

18. A device as claimed in any one of claims 16 or 17 wherein the retaining

30 forceis a friction force.



5 20. A device as clainmed in clains 19 wherein the retention neans includes
a latch neans which yields at a predeterm ned force | ess than the second
force butworrsat®s3 than the first force. 21. A swi tchabl e Pcagamtiocisdevi ce
of the kind including a housing, a first pernmanent magnet, a second

per manent magnet, the first and second pernmanent nmagnets 10 bei ng nounted
within the housing such that the firsp and second nmagnets are rotatable
relative to each other, between a "fully off' position in which the north
and south polees of debi€ af iclaithedROBRY ofié OF icluirs StoalB iwaichafuithemmnludes t h t he
south and north poles respectively of the second nagnet su%g tpattihe
devi ce preatiemtreans coalfiguieddo gopi akcaining foste teagiawy the nfaspply m g AGUYEeG ) y

on" position i i ch t.he.north o) : [ Jimpnelic are 15
posi ti &%HI%WEF%‘? EFW}G th I%F?fé‘%&redvﬁf‘ RVL\%r Pﬁ @hgéﬁgi;xgrhhgr% {‘g%ﬂ h pol es
respectlinf(@hm_of the second magnet such that the device presents a
relatively strong external nagnetic field, characterised in that relative
rotation of jhe firaliand $860NG CRAASUS witerbihthé ecletionhmbdiatinclsdésda magnet s
are prevented fromreaching the fully on position but said first and second
magnet slaphnmbansriich gitldsoata preduemined fues leat thepithe sgcord force A &58%T t hat
the north and_20_south poles of the first magnet are closely but not

conpl et@??t}&ﬁréhfé’ﬁc%th respective north and south poles of the second

t h t hat i d deyj till . t .reklati [ |
et i o 11 et and spabis.mesrcsis SR toirs Rl PRIE % BOEY . SIPTR
ext er nabexﬂ%g&%tling%{git &) gﬁcbécr fo)ﬁ{ri%hEM%Xgﬁéﬁ&Ke Ve And akebndepermendns nragnetved fr om

reno Cc

cont act*or from se proximty to an external ferrona%%hett&i c
mat €0 i abeing mdtedAwithin the faisinlzaiuple dhat rihe astrand 1scaprdt Bl2gNGH AREHARE t he

devi IS i tact with o | E QXL ] 4t I
rat o1 1 arcHe ageger beviiet 2 iy o Posiotn it 1R, Rrd bl ARl f

ori ent Ay 0ffsbifagnd Gt Rubad ol #Rgurdit withctay bah asd obidh pelds faspestiyelyred of
cl ai ns or 22 wherein when the device is on_.or in clos i

) pr ox. to a
f er r oragretecandrmagndt ahchathai the deyiee presenis p gelatiyedy wegk F%@%aﬁmﬁﬁéetlc?ﬁﬁ%agnet s
in the predetermned relatjv i gntatho 34@,@& { Vinfe@nbtSar@ot i n
cl ose pF‘B&iam @yt%l apqsg[}orno{rrrlag’r}#e%gii @Qn%ttdgr% §§92 cond§€‘ig{r€1:c§1f?s greater than
the 1§i 1 $hsifighdsublsemMBL03! A5t RET HedihlaGesousl poles uespedively Petgi n t he

magnets'in the predetermned relative orientation, an rein,.

r et ai ni mecondrroagngp prehetat thej @V@eég@qutstq]ﬁat{\ﬁb' Prong © qg\#l\@gm%%% t]%ggesld’t han
the second [Qrice: in hASERRYe Mib Do tRsIBANRbSnd Moiiomkihnal buchribiat o
toward CHEFGHFSY Bf en

posItion - _
said magnets are prevented from reaching the fully on position but said first and second

magnets can be rotated to a predetermined relative orientation such that the north and
20  south poles of the first magnet are closely but not completely aligned with respective north
and south poles of the second magnet such that said device still presents a relatively strong
external magnetic field and said device automatically switches to a state where the
external magnetic field is relatively weak when said device is removed from contact or

removed from close proximity to an external ferromagnetic material.

25 79. A device as claimed in claim 21 wherein in use when the device is in
contact with or in close proximity to a ferromagnetic material the magnets are retained in

the predetermined relative orientation by a retaining force.

23 A device as claimed in any one of claims 21 or 22 wherein when the device
is on or in close proximity to a ferromagnetic material a first force is required to retain the
30 magnets in the predetermined relative orientation, and when said device is not in close

proximity to a ferromagnetic material a second force, greater than the first force, is



the device is renoved froma position in contact wth, or in close
proximty to a 5 ferromagnetic material. 24. A device as clainmed in any
one of clwpDrB/O0RE83 0 23 wherein the retaining force is a fPcirettoontser ce.
25. A device as clainmed in any one of clains 21 to 24 which further
includes retention neans configured to apply a retaining force to retain
the magnets in the 10 predeterm nedsiel ative orientation when the device
is in contact with, or in close proximty to, a ferromagnetic material.

26. A éﬁﬁé‘d \Aﬁﬁre%itﬁe%a'gﬁb@i@ih@q:ra&mﬁﬁm Rldiive oretition,camdnelarsinithe| udes a
| at ch nmeans ich yieldsTat a predetermned force |less than th econd
force bretaining e apphiet ta ireglentes thanotheelirsy fprog builesythagy ISSC‘??EQE‘?@(E%’ c

devi ce of the kind jncludi a | ' tvhe@® Second
per rrane&‘@reﬁ'?é{éﬁlll@i”}ngc m?glgpsgtgnad%;ﬁe{%%% yﬁgtra{rréa{r?g‘;na{ d ﬁl%fr@? ;‘dﬁ‘ Bg?%%}?rmunt ed

Wi thin fheqiQaesiNgemoidd fbal at fsitfon & cantdets edthndr nageless pardmityt tat abl e
relative to each other between a "fully off' position in which the north
and Soufdmropwigestiohatetifle first nmagnet are in substantial alignment with the
south and north poles respectively of 20 the second magnet such that the
devi ce presePd.s aArddvite asetlgimedaik amyt aneref clamsnek (023 e therptagming | |y
on" position in which the north and south poles of the first nagnet, are
posi t i of%@@@b@ﬁfé‘m?oé‘l’qy in alignment with the north and south pol es

tivel f th ) t h that t dewvi ,
; gfgte icvle?li Zgg.ong%vﬁ%rcqﬁg%ﬂgg iag?lf%l(r:lg °§ ¢ angﬁg? atg ) &ﬁcﬂmﬁﬁcﬁde

tuat’ion neans confgi gur ed

to Caus?et&ﬁi?%;l&\égnﬁbﬁﬁ’ &f tb Neply hsi%etﬁﬂﬁi'gsﬁﬁwl‘ﬂo reghetls n2inetanatieer i sed

in that sal uation Treans incl'udes a flexible portion that deforms if

t he10 ac ptileicnninee aclstivesorientation axhenrihe eviesis dheentast With, exinedlosg PropBHt i ¢
circuit to thereby limt. relative rotation of said nmagnets, said flexible
port i ont%é\fF‘ﬁ@néﬂ%PF@?aé‘?ﬂalyi eld strength to substantially avoid

def ti durii t.uati on, of i.d. i or [ 4 f
Ot ornal | wnodbt i oA Artith i o gL el Rt inPhRSERES. Of an
said flexih h%aﬂ?&zﬁig?l:}é%lﬁs gt §?féd@fbrmiﬂeﬁ"forc‘é\%ﬁah&iﬂﬁ&%ccﬁm fobtdORUtQLaAE 52

29. A device as c In either claim?27 or 28 wherein said flexible
porti on thsathe fiestdater med to a nmaxi mum extent, after which continued
actuati on of the actuation

15 27. 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 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

20  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
positioned substantially in alignment with the north and south poles respectively of the
second magnet such that the device presents a relatively strong external magnetic field,
and actuation means configured to cause relative motion of the first and second magnets,

75  characterised in that said actuation means includes a flexible portion that deforms if the
actuation means is actuated in the absence of an external magnetic circuit to thereby limit
relative rotation of said magnets, said flexible portion having sufficient yield strength to
substantially avoid deformation during actuation of said actuation means in the presence

of an external magnetic circuit.

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

link.



means causes relative rotation of the magnets 30. A device as clained in
any one of clainms 1 to 26 which further includes 5 actuation neans for
causi ng rwbaiovsss ot ati on of the first and second nagnet sPC3AUMNOUBSYI ce as
clainmed in any one of the preceding clainms wherein the first and second
magnets are substantially disc-shaped. 32. A device as clained in any one
of the preceding clainms wherein the fgarst and second magnets are nounted
in the housing such that a face of the first magnet is 10 opposed to the

face of the secong (RERES cldRed i St GRimS2 ToedSredicicin said floxibleoportibe
precedi ng clains wherein one nmagnet is fixedly unted in {hhe ousi ng and
t he ot hem beadefermed toap neaxiroumopdens ifer fylEch pent prigationzgf thy agmanen o q

claimed in claim33.wherein the magnet is rotated through 180 to vary
t he devF’@%nSf‘?aB?ﬁseigléP‘é?@tﬁ’e?%oﬁé ea&%gfegsti vely strong external magnetic 15
field to a state hayin relatively we ext e I t ] 5. A
devi ce as cl é@-néddqvﬂf:eagﬁ/g]& e‘f)lfn % Qﬁ’leeoitl;%}?lﬁbg éﬁgizwzlr g@r]?&t ﬁgﬂf}dggsi ng
conp. 4i \?\E&uﬁ% 1:?%:1@ 0 BESRg rlfriverothBivh 6€t1RTirsl aid¥ecbnidmagmytsone of clainms 1

e

to erein housingiIs nade as a unitary construction or froma
single piece,pf material el i geaﬂ CST 188 phecailiBCtldifhs Ghigdréth 30e \ilagr ei n
two porti ons3g'f {Tﬁe&{]‘%‘“ﬁes?sn‘églﬁ%\éem r duged crggs sggti onal area such that

t he houghdgecasd fagBett W sphstaitintlypiidceshap®i8. A device as claimed in claim 36
wherein portions of the housing are treated such that the portions becone

non- magneti c350 t Reage seldinied M ddyeoreoafsiha praetinggclamst wieereipabe ifired pol es.
25 39. A device as clainmed in any one of the %cegi n§ ?‘eﬁénﬁ %eétejsn t he
housi ng andistdondsnagnetiaarBaroymiedyiit te haysing; such that ¢ @eg 0f GrétEigr €

nmounted. 40. .A device ' i claim39 wherein the chanber has open
endib 4fpp%egé?/ﬁlgefla%3$0 cﬁ%lgér(rze% mgfcl: ai m 40 wherein one or nore chamber

closing neang clqgse one or .no 18 ARARSkereilond 2248583

SCT) A2/ 01138 © 5k Gy ks diniTRl o BRI Hocddify GRS or claim4l wherein
a | ovwer nogked niohfted i tHadHousing ahd thesricsn Mubgieig ebledd oxats vathimthehousigg.of t he
chanber. 43. ‘A device as clainmed in claim39 wherein the chanber has cl osed

ends. 34. A device as claimed in claim 33 wherein the other magnet is rotated
through 180° to vary the device from a state having a relatively strong external magnetic
15  field to a state having a relatively weak external magnetic field.
35. A device as claimed in any one of the preceding claims wherein the housing
comprises two pole pieces.
36. A device as claimed in any one of claims 1 to 34 wherein the housing is

made as a unitary construction or from a single piece of material.

20 37. A device as claimed in claim 36 wherein two portions of the housing have

reduced cross sectional area such that the housing acts as two passive poles.

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

25 39. A device as claimed in any one of the preceding claims wherein the housing
defines a chamber in which the first and second magnets are mounted.

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

41. A device as claimed in claim 40 wherein one or more chamber closing

means close one or more open ends of the chamber.



44. A device as clained in any one of the preceding clains wherein the
housing 5 is nmade froma material having a | ow nagnetic reluctance. 45. A
devi ce aswoloaiomse3 i n cl ai m 44 wherein the housing i s made PCrovtiogoinse st eel ,
iron or permalloy. 46. A device as clained in any one of clains 45 or 46
wherein the pole pieces are shaped to nmaxim se the external nmagnetic
field. 10 47. A device as clainmed insither claim45 or 46 wherein the
poles are of mninumIlength. 48. A device as clainmed in any one of the
precedi ng cl @ M MhRK RNt iined¢h YRl sedain “nolheen alovendbs afrthknob
connected to one of the magnets. 49. A device as clainmed in claim48

wher ei nniapecthaad tHesecondanagnet slosesrirlewerend of thachagist-of t he nmgnets via one
or nore internediate menbers. 50. A device as clainmed in either claim48 or
cl ai m 49 whes®i n AkkvitandkRimabmpldine) wheroindhechambsy basseossfl egds.

predeterm ned anmount to be applied to the one magnet. 51. A device as
claimed in apy ong dkiceladichEméBintmy e ofithatprededingelzints wéteremthedwnsing s
actuated manual ly, electrically, pneumatically, hydraulically or by the
actibn dfmadofrempanadedd heving afpyyanagneticrelyalang®. 527 A device as clained in
any one of the preceding clainms wherein the first and second magneLs
conpri se rar d5ear Ahdevigeeasrelgheadsin ¢l3im Adquhereia the hopsingas m eaﬁ’ﬂ?géﬂ of the
pr ecedi ng clains fur 1her including a child-proof |ock or child-proof catch
type ar PRAYERBAT PYHAAE actuati on neans such that 25 sone extra

mani-pul ati on by a user is required beforg .the n t . 54. A
devi ce as cl 4Pned/ FViRASHY fll]?ﬁléyB?ee8€%}F‘W& 3 gﬁ%%alﬁl%]%\l}}]@gﬁ%%ﬁg&%?rst
magnet c¢angt L imeletihesxtamsl A5k Ge anticl ockwi se direction relative
to the secohr?_gé@ttr?%nét n use. WO 03/ 019583 PCT/ AW2/01156 54 55. A system
for jgontroll i the @libent adifdea 9h AnsAbmizh 450l 6 ilirtinah ylbsaarc pfanet
having a planetary magnetic field, said systemincluding at | east one

swi t chabhigimudegti.c devi ce nounted to the satellite such that the
orientation of the at |east one switchable nmagnetic device can be varied
relative to uRe sal @ebicteas vihmiel im any use ohéheSprceding aflaion whereinethe

satellite can be changed by deflectjng the ma{c);net}(f‘1 axis of the
actuation means includes a handle or knob connected to one of the magnets.

49. A device as claimed in claim 48 wherein the handle or knob is connected to

15  one of the magnets via one or more intermediate members.

50. A device as claimed in either claim 48 or claim 49 wherein the handle

comprises a torque in excess of a predetermined amount to be applied to the one magnet.

51. A device as claimed in any one of claims 48 to 50 in which the actuation
means is actuated manually, electrically, pneumatically, hydraulically or by the action of

20  expansion of a bimetallic strip.

50 A device as claimed in any one of the preceding claims wherein the first

and second magnets comprise rare earth type magnets.

53. A device as claimed in any one of the preceding claims further including a
child-proof lock or child-proof catch type arrangement in the actuation means such that

25  some extra manipulation by a user is required before the magnets can be rotated.

54. A device as claimed in any one of the preceding claims in which the first

magnet can rotate in either a clockwise or anticlockwise direction relative to the second

magnet in use.



swi t chabl e magnetic device relative to the direction of the planetary
magnetic field when the magnets are in the second position, thereby
causing twesal®Biite to change orientation to at |east pamAw@kbys6e-align
the magnetic axis of the at |east one sw tchable magnetic device to the
direction of the planetary nmagnetic field. 10 56. A systemas clained in
claimb55 wherein said at | east one sw4tchable nagnetic device is nounted
on a lever armon the satellite. 57. A systemas clained in either of
claims 55 orsH6 Wi §htei) Gruetasroding theadridnyationf ofswishehiblie arbigraeqund devi ces

arranged in pairs, wherein each pair of sw tchaple netic dev s act in
concer t planetdemingod plametapy inasneilq %ﬁldoﬁalfl trystemy @eiuding %ﬁg?ﬁ °8ﬁéwé5?k§bﬁe 15 58.
A system as clai ed in_any, ' 3 b el thE lav A8t dhel €ast
two pai PRERHHICS Vfcfh%%tearatﬁgtggisg{egg%/%\ége%Fégéﬁggﬁéygig% as c_Iaa}i med i n either
cl ai M 5ZydhabR Mbksdici dslidedesm bé vaded trelbtiveew thzasatellitsf véhwireinhabise thagnet i c

devi ces, wherein the respective axes of th ai.rs of swt.chable netic
devikesonemsatinn gflthg sstelliiegerabe hgngry. bX ‘i@f@ﬁ% éﬁe @%ﬁnﬁéﬁl ¥ a?ﬁ;rt% ne of
clai ms 55, 1,019 &l ve R o5 5Hhe pIRenR) inaohlici 6 wiah be
sel ect i THISPAY errlné%%ggtd\%‘gg%??lﬁ%‘l% tg? d% fstates to periodically re-orient
the sat gel highetstite itiRystan psitdnaiheedyi causing thensatdlitedp shargessieniation

wherein during |aunch and/qr depl oynent e | east. one_ s\t mgneti c
devi ce o abiepst parbajlys se-aligry g ma. i Pt?ﬁ ﬁtg?ela%tr?%rr%vg#ehta@g%?% @r?s% sai d
device ijng ﬁ’)itﬂgdﬂecﬁfoﬁrorf@tw&?ét&?n’f@n‘a&cﬁél@.” portion configured to coll ect

and retal nl:elfjerronagnetl c Itens by magnetic attraction therewith, and a

surface engaging ROLL] G JaSinC Ok 3T Gflefeth USE attiCaNERUKviEhable
ferﬁ@magneti gg'sup%oﬁslte%r aé(:lglHlaelé]iallnngltg whi ¢ %ﬁe deviace is held, said device

furt her niabtudderieds noaatt onndesaiatm loalthesataliicet i ¢ devi ce switchable
between an "off' 30 position in which the ferromagnetic collection portion
is substantiahly desmencid Sethedanditd® IAh958rBETHIALID RIchLES6 plEBliyn " on”
position in which the external magnetic field of the swt.chabl e rﬁagpeti C
devi ce, of mgtebelile emagnebiccdavieest PENEEH iR PATS: JVRBPIPeEINRYT Y FyHichable

et 1 omget Lg. LIS hEty n GO 3ehiroltht biGiiaddh SRS ARG el he

col l ecti evi ce agal nst the ferromagnetic support

surfigce by magnetic. SLLLACL. e B 7 o SRNRS %0 7 BRI P 1URO2

two pairs of switchable magnetic devices.
59. A system as claimed in either claim 57 or 58 which includes at least three
pairs of switchable magnetic devices, wherein the respective axes of the pairs of

switchable magnetic devices are mutually orthogonal.

20 60. A system as claimed in any one of claims 55 to 59 wherein one or more
switchable magnetic devices can be selectively varied between the on or off states to

periodically re-orient the satellite.

61. A system as claimed in any one of claims 55 to 60 wherein during launch

and/or deployment the least one switchable magnetic device is off. !

25 62. A device for collecting ferromagnetic items, said device including a
ferromagnetic collection portion configured to collect and retain ferromagnetic items by
magnetic attraction therewith, and a surface engaging portion which is configured in use
to engage a ferromagnetic support surface against which the device is held, said device
further including at least one switchable magnetic device switchable between an “off”

30 position in which the ferromagnetic collection portion is substantially demagnetised, and



device is on the "off' position the nagnetic attraction between the
ferromagnetic collection portion and the ferronagnetic articles and the
swi t chablwormagmsss ¢ devi ce and the support surface are n@glriAgiobbelse64. A
device as clainmed in either of clainms 62 or 63 which further includes 10
actuation neans configured to swtch the swtchabl e magnetic devi ce between
the on and off positions. 65. A devigge as clained in any one of clainms 62
to 64 which further includes at |east one ferromagnetic shunt | ocated

bet ween,t he -suidiciahl €hRRIRELitemaEMseetid k1Y be thd eritbablgneignetic deviest i on
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the of f (RO doneile sBPortAudB Bemagnetic aitr®ton.n cl ai m 65 wherein the
ferromagneti ¢ shunt 'is not nmagnetically saturated when the sw tchabl e

magngtic devige i % i itd 8 PlafmBPfi tlRi 62DWheietn waien ThE BRittitbld sagwdtier at ed
mhengthe smﬁthabﬁéhﬁggnetiglgevice isinthe on first position. 67, A

devi ce dsvict d nad they “®ff’hpositomithe GBagnetie 7attipasion; hetwisen fibe r KHABRERSIC  shunt
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of f posigd Surflede¥h&Bioasie.cl @i med in any one of clains 62 to 67 which
further %H@@B%@s a 25 H%gﬁﬁﬁeluctance regi on between the swtchable

magneti ¢ devigge andqliig. Ay l:AR6d P RERGESEARInR061 bP153 Wihieh elhdrhiaclnieh
rel uctance region has sufficient reluctance that the magnetic flux at the

sur flace aengagements qofigiod thswitsth sheaswitciable masnetie dase bevepmihe dpagitbt i ¢
properties of the support surface. 69. A device as clained in claim®68
wher ei n 9HROSHIWA: rel uctance region is an air 30 gap. WO 03/019583
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effectively preventing magnetisation of the ferromagnetic collection portion when the

switchable magnetic device is in the off position.

66. A device as claimed in claim 65 wherein the ferromagnetic shunt is not
magnetically saturated when the switchable magnetic device is in the off position, but is

20  magnetically saturated when the switchable magnetic device is in the on first position.

67. A device as claimed in either claim 66 to 67 wherein the ferromagnetic
shunt is almost magnetically saturated by the external magnetic field of the switchable

magnetic device when the switchable magnetic device is in the off position.

68. A device as claimed in any one of claims 62 to 67 which further includes a

25 high reluctance region between the switchable magnetic device and the surface
engagement portion, wherein the high reluctance region has sufficient reluctance that the
magnetic flux at the surface engagement portion is substantially independent of the

magnetic properties of the support surface.

69. A device as claimed in claim 68 wherein the high reluctance region is an air

30 gap.



including: a first clanping nmenber; a second cl anpi ng nenber slideabl e
towards and away fromthe first clanping nenber, and spaced apart fromthe
first nenverodtwsdefi ne a gap into which an article to be PpC@/Adloanpesd can be
inserted; and a swi tchable nagnetic device nmounted to or in close proximty
to one of the first or second clanping nmenber, said sw tchable magnetic
devi ce including actuation neans for ggswi tching the sw tchable nmagnetic
device of f or on, whereby when the switchable nagnetic device is on the
first and seegnd gl ABRLEGSTERRASE ifOME bAVESTIslaRAc 620t1es9 il Swhikker by
clanping an article inserted in the gap between_the Iangin menbers. 73. A
hol der &srozhapnaicicillectiomportizn fmsmlmﬁmaﬁdébowh@kﬁﬁoliﬁle 6di ti onal

cl ampi ng nenbers slideable relative to the first and second cl anpi ng
nmembers, and71aArdwigecsselaimadhiatany aepofi dlaimswhid &h 78 nAn ayhick the %%{%éblél anped

can be inserted is defined. between .nei ghbguri jr .| i menber s,
wher eby magaetia dryics\if 8 sHEARAD1SRIG yge%ga%&a%eﬁgg%ﬁ% Hﬁe ﬁ%?%% gﬁﬂp irsg'g pairs
of cl anpi ng nmenbers nove towards, each ot heir t hereby. cl r’rai_ ng. an article
insefted i n 7ReClapping nieash adantedho ¢fABB AL ARt 917 raEtYCc]ﬁ’ S a‘liarrﬁ%" e MeiBer s.

74. A hoqug as clainmed in either claim72 or 73 which includes one or nore
addi t i ol EH#t chabl e magneti c devi ces nounted to one or nore of the

addi ti onal cl i .25 merg)e_rs. 75. A holder as clained in claim74 which
further incl@ Et‘ﬂgﬂﬂggpgwlgﬁerating the actuation neans of one of said

swi tchabl e magnetic devices in concert wth at il e fid.ne one
or more addi 4 eend §qué‘}¥aﬁlleﬁl%ﬁ’églh(geﬁf’lg tqgtdseind %@%&? ]811@'3%9%&; 52/ 01156
57 76. A C & f'aiﬂ%aﬁtffo@n ARVrSEen&abdritg defek 4 gapoiper whick agagaietodre or
nor e fﬁ%%ﬁ#%ﬁ%ﬁghﬁ:ul s adapted to provide or limt functionality of the
swi tlohakllenpedgnaabednsededsiand. 77. A switchabl e magnetic device as clained in

claim76 in which the one or 5 nore functional nodules include a rotation
limting noduyl svishilsib magneticddvive maind toer in olose Prowingity orrnepd irclist & t he

swi tchable magnetic device to WGALTL B, BlRH% R RS hing ARG RS or

switching the switchable magnetic device off or on, whereby when the switchable

magnetic device is on the first and second clamping members move towards each other

15 thereby clamping an article inserted in the gap between the clamping members.

73. A holder as claimed in claim 72 which includes one or more additional
clamping members slideable relative to the first and second clamping members, and
arranged such that a gap into which an article to be clamped can be inserted is defined
between neighbouring pairs of clamping members, whereby when the switchable magnetic

20  device is “on” neighbouring pairs of clamping members move towards each other thereby
clamping an article inserted in the gap between the neighbouring pairs of clamping
members.

74. A holder as claimed in either claim 72 or 73 which includes one or more
additional switchable magnetic devices mounted to one or more of the additional clamping

25  members.
75. A holder as claimed in claim 74 which furthe; includes means for operating

the actuation means of one of said switchable magnetic devices in concert with at least one

other of the one or more additional switchable magnetic devices.



78. A switchable magnetic device as clained in either clains 76 or 77 in
which the one or nore functional nodul es includes a biasing nodule

confi gur eaotos/olisas the 10 relative rotation of the nagnetPSTofURAEIS6

swi t chabl e magnetic device. 79. A switchable nagnetic device as clainmed in
any one of clains 76 to 78 in which the one or nore functional nodul es

i ncludes a | ocking nodule configured 40 releasably |ock the relative
orientation of the magnets of the sw tchable nagnetic device. 80. A

swi t chabl e nggnet ixCswiRdHa6R @Serelididetide iconfediédnto/ Spdrablpehgdpetdne drandtieng 15
nmodul e is configured to releasably |ock the _magl,nets of the@w t chabl e
magnet i dunttionalempdnlesadaptad iooprevige o dingit Ainrdgnaley ofithe sEHThaNtcPglc 81, A
swi t chab)] e. magnetic device as clained in any one of clains 76 to 80 which
furt her %¥&fudes actuation nmeans confi gured to cause relative rotation of
the magnets, wherein, the actuat.ion neans, are.addit]i |y - igured to be
engaged by sd7d at™ Switghalle magnetic device o5 glaimed i gfai%ggﬁht‘ghéwp{?e&}é &

f uncki onal bt yinglonhD SaciiidsGhalhe A REARK! Emdfi ARAuleBRhich Wnitppiagelative ce
configured to grip a surface, said gripping device including at |east one
gri ppi ngotutiemfdhe tragnetsped ﬂ‘@vﬁimgﬁhahleemamﬁgﬁadﬂ"é?ev@i withiaprseletgmingds| ap) v
engage a surface, wherein said gripping neans grips the surface by formng
a suct iBRYFoIE% bet ween the surface and the gripping means by partially
evacuating the void, 25 erein._.said gripping.devjce,f.urther -i s at

| east one swi‘Schab} %Wﬁﬂ&ﬁ@tm%gnﬁaeawcg%‘ﬂ%‘ﬁﬂgﬁﬂﬁ C&"%ﬁﬁceorgz%g%?ﬁ onal
Tagnet | GheRgags Ttk Mnllorfil RS ndER: & Maskill hRdele ¢mbafoaoagiasticc. 83.
A gripping device as clained in claim82 wherein when the gripping neans

i s sidal ablafivermgaipacfithe magnetuofthe swischialileanagnstie dewae swit chabl e magnetic
device is in 30 contact with or in close proximty to the surface. WO

03/ 019583 PCT/9AU0 2 QiitBifablSmiaguktic Alegice ppickgmed ananyasna dia¢lawes Ttoe]§ Her
claim82 or 83 wherein in _use the netic, en nment_af.th egst one
swi t chabVeichdhnOne CTgBWrE fungtipaa t’&og“ﬂgﬁ dglydes p*g?‘?‘i?‘éﬂ% ?O;agl-ee%‘ﬁ‘a%hfégh?"t he

seal | ng enAagerRok i refalife BFibMRIADIMRAME N OF the SwitHabBGRagietic Gbce.seal | ng
engagenent 1s partially or wholly broken” 5 85. A gripping device as

clai med i n ary, oney ol AT Bl Qicdhc W RI:ehEd WD Blairt W06 Rahltenenanalg ¢
devi ce further”includes actuation neans to switch the switchable nagnetic
deviize bgbavaens édiigaredandelessablyfloglothethagmetsmidhabividchableanhgnstie davide &t

one or more predetermined relative orientations.

81. A switchable magnetic device as claimed in any one of claims 76 to 80
which 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

20 least one functional module to control the functionality of the switchable magnetic device.

82. A gripping device configured to grip a surface, said gripping device
including at least one gripping means of the type having an evacuatable void adapted to
sealably engage a surface, wherein said gripping means grips the surface by forming a
suction force between the surface and the gripping means by partially evacuating the void,

25  wherein said gripping device further includes at least one switchable magnetic device

configured to produce an additional magnetic engagement with a surface when the surface
is ferromagnetic.
83. A gripping device as claimed in claim 82 wherein when the gripping means

is sealably engaged with a surface said at least one switchable magnetic device is in

30 contact with or in close proximity to the surface.



detachment of the gripping device to or fromthe surface respectively. 86.
A gripping device as clainmed in any one of clains 82 to 85 wherein the 10
swi t chablworsagmessi ¢ device is substantially aligned wth aCeatoee1sé t he
void of the gripping means. 87. A gripping device as clained in any one of
claims 82 to 86 wherein the sw tchable magnetic device is nmounted at |east
partially within the void of the grimgsng nmeans. 15 88. A gripping device
as clainmed in any one of clains 82 to 87 wherein the switchable magnetic
devi ce incluges OReypifPhRafPElhintedPial &thex tRiai 32nomESamhenei ohusepthevi de a
relatively high perneability nagnetic circuit to substantiall colnd ct the
ext er namageefiveengagémentdobthet peleasti oreh awitehabley HEREPEIY a?/‘flf:% agts té at least

ferromagnetjc surface to incr | G.-Aat: I OR; ' :
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SWi t chaklginpRagRleentie pafRIll S whelly bedkeh) e magnetic device as claimed in
any one of “clainms 1 to 54. 90. A gripping device as clainmed in any one of
cl ai F”S 82 10g90 WA gﬁbﬂiﬂg lqA8S ad clddhed & bhy oé oficlaipk 13 toENwhe2m the. A
coupling conprising a fiTst magnetic device and a second ghet. evi ce
t he fut_rswltgimgp@emagnam/dc\acda@rﬁgzr dnelydlescarimationvaganst tocSWEH ,S%’&i%&bgi rst
magneti c evi ce an ai d second ef 4-C [.C L i

cach ot FAEISHTL ST Ra S G5t oA by oo BT o PR BHCARRRCahe gt fve to
nmagnet i Geflenh&es o\m@‘%ﬁﬁﬂﬁlg’ ddvide t0RE A6 the saideaaspestivaly., and sai d second
magneti c device repels 'sald first nmagnetic device when said 30 first

magneti c devigge 13 9RpniHD B30 19 BImBET ALY 96 bF2aimd B2%. 8FAwheref g as

claimed in claim 91gﬁwﬁlere‘| n said second nmagnetjc device _conprises a

mag ﬂé'(tj . s9@tchablc maghetig desice |iai stbstantiallyi aligaed ovith @ oentisy O@Lhev\ﬁ%‘ﬂe?fm they; ¢
second nmgnetic device conprises a second switchable magnetic device and
the fir TPEREREHnd 5 switchable magneti ¢ devi ces repel each other when

said first and second switchabl e . nmagnetic deviges.a fee . A
coupling as &ai meHESTAPEAIC¥IGE aBFIa&rPgﬁ?F& a@io{l%ogglsa\lf%geg%ittﬁ 8|t8 hg’hgféﬁ%?h i
switchable magnetic device is mounted at least partially within the void of the gripping

means.

15 88. A gripping device as claimed in any one of claims 82 to 87 wherein the
switchable magnetic device includes 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.

20 89. A gripping device as claimed in any one of claims 82 to 88 in which the
switchable magnetic device is a switchable magnetic device as claimed in any one of

claims 1 to 54.

90. A gripping device as claimed in any one of claims 82 to 90 which includes a
plurality of gripping means.

25 91. 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 the first magnetic device when the first magnetic
device is off, and said second magnetic device repels said first magnetic device when said

30 first magnetic device is on.



magneti c device is novable relatively towards and away fromthe second
magneti c device. 95. A coupling device as clained in any one of clains 91
to 94 in wbiosl145B 10 switchabl e magnetic device is a sw Pchataiogonagnet i c
device as clainmed in any one of clains 1 to 54. 96. A coupling neans
including a switchable magnetic device, and at | east one second magnetic
nmeans, said swi tchable magnetic devi @@ and said second magnetic neans

bei ng arranged relative to each other such that when the swi tchable

magnetic devige i & Qipild: aQlih&l seeRRA IEFhakincsdidaant snignetodedice Wit h
or in close proximty to the switchable nagnetic device, the second

magnet i comméesainmgnetl ati vely strongly attracted to the sw tchable magnetic
device to thereby couple said the second nagnetic neans to the switchable
magnetic devdxe, Ancouphiep macklinssd i reithew clugnt oz Yewiheeein $aigk fecORd second
magnetic neans_is rel atjvely weakl| racted. t 1 etic
devi ce B@gpeticigyice SOMPRISCSR ?ﬁ?ﬂgﬁgéﬁ%{bﬁ%nﬁgﬁ $ %Xifgga\?maﬁ%%ggﬁ@gh ‘f}%é&?{g?' c
devige cap Iﬁﬁledﬁﬁ%icegevi&%; repelC oMM bibgr Aehepl Suidreitst And: bedond Mvitehalsil

i ncluded &t ‘I east “one additi onal magneti c neans arranged relative to the
second magneic deviveaas teweth onhat when the switchabl e magnetic device is on

and the second nmagnetic neans is in contact with or in close proximty to
the switchabbg rmagnetiptindensi daimednia 4rtyeomndf athirns i9ntgl dhadieeain dherdiafis 25

are in contact with or in close oximty to the secon ] ns, the
addi t i ofenetifadpiceils moxd Ef%l’f‘téve&g{?ﬁs‘iaé‘g 3] a0 ﬁ&%&i&ﬁ%@%@%ﬂ%ﬁ? and
when said swi tchable magnetic device is off tPe secgrfd%aélg.ad “hinﬁpeal
magnet i ¢ neaRs Ascouplingidedics anedidripd 1Rt 4aeR%8 ek e 10 46 Fa P B net i ¢
device su a S i hSb1ERRHEs i861d§ lcl@nad imagy ek ofmeans
can lﬁe 5‘3@%&%’?%%@%%1093&%%:Sg%%?v?gﬁggoalts cl aiet?r@ege‘illﬁgeither cl ai my]96 or 97
wher ei ncidigs $6 54.habl e device is novable relatively towards and away from
t he second magnetic nmeans. WO 03/019583 PCT/ AU0O2/ 01156 60 99. A coupling
as clai ned i ggany A0&RipBhg heansicRitlingg a SBitoableaagrctie davide.tandmbleasinangnet i c

means are novable relatively towards and, awa) frgm.ahe second {8 netic
means armsecandenagnetic mepnse sedwivaehablomagnetic slgxice 459 S84 SPRPEPE RIS Bne of

the ot s BRE L 48 G e e e e ber o
15  and the second magnetic means is in contact with or in close proximity to the switchable
magnetic device, the second magnetic means is relatively strongly attracted to the
switchable magnetic device to thereby couple said the second magnetic means to the
switchable magnetic device, and when said switchable magnetic device is off the second
magnetic means is relatively weakly attracted to the switchable magnetic device such that

20  the second magnetic means and switchable magnetic device can be decoupled.

97. A coupling as claimed in claim 96 which includes at least one additional
magnetic means arranged relative to the second magnetic means such that when the
switchable magnetic device is on and the second magnetic means is in contact with or in
close proximity to the switchable magnetic device, and the and additional magnetic means

25  are in contact with or 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
atiracted to the switchable magnetic device such that the second magnetic means and

additional magnetic means can be decoupled.

30 98. A coupling as claimed in either claim 96 or 97 wherein the switchable

device is movable relatively towards and away from the second magnetic means.



101. A coupling as clainmed in any one of clains 96 to 100 further including
actuation neans configured to turn the switchable magnetic device off to

al | ow decwopBiongs3 of the coupling neans. 10 102. A coupli mgTagiochaiseed i n
claim 101 wherein in the actuation nmeans is additionally configured to
turn the switchabl e magnetic device on to cause coupling of the coupling
means. 103. A coupling nmeans as claimed in any one of clainms 96 to 102
which includes a plurality of spaced second magnetic nmeans, and wherein

the switchabhe MegnghpkngfyVdlsithed iR ah of®YBEbgnsITCor I8hahertineths ndditibed| e
magneti c device can be coupled to a chosen one of the  plurali t%ﬁ_%f. spaced
second mmgneici meamsanas. mbGable Aclobvely itayaidsaang away. fiomthe serond ymasnetss

claims 91 to 103 in.which.the sw tchable magnetic device is a switchable
nmagnet i Eleﬂ’és\ﬁ“éetﬁﬁwg%,@#’%eﬁvfcﬁ'any one of clains 1 to 54. 20 105. A

| at chi ng neans i ncludipng, a Jatching nenb .movadbl n nded
position in Wfch -qouggﬁg B%Cia}né F\/ﬁgﬂql}?tcggdéa@gt%%oﬁggb ‘S{é%%glssa oatgl)é%ﬁe

| at chi ng, Of g iNthelRARSd RNMle Sat! Rhdtasiecdddinesil tinaghetia theamst aleagnet i ¢
msanéI a%ﬁge?eés%%tlgﬁgﬁlg ma?gneti c device, novable relative to each 25 other
and nouféreshapmetic tleatbersne of said, first magnetic neans or sw tchable

magnetic device is coupled to said |atching nenber, such that actuation of
t he swit chabhei.mgnesiplingdeviltimeddnsay orel off clemn®e éndfO fortherHacludinghi ng

AR RN SN TR R e Y

| at chin Lkaigred in either of clainms 105 or 106 wherein the
SWi tcha%(g%ﬁclgg}?@?%c %{es\'/i ce is coupled to the | atching nenber. 108. A

| at ghi ng meaps, as '#ﬂ% LN BIADeH Shif! RINSMQR B tHOSctiRmeRaishis i rst
magﬁi@ti c rrealr@z'i s‘%ggﬁ e% %%ct%é?fa% g{?ll ng menber. 5 109. A | atching neans
as cl ai maditionalangondigeredfto thraithsswitchable rigMetih dedcmon tecausapauphingPétheagnet i c
device and first magnetic nmeans are arranged relative to each other such

that swicOEPIHI Be@¥gneti c device attracts the first magnetic neans when the
103. A coupling means as claimed in any one of claims 96 to 102 which includes
a plurality of spaced second magnetic means, and wherein the switchable magnetic device
15  is movable such that the switchable magnetic device can be coupled to a chosen one of the

plurality of spaced second magnetic means.

104. A coupling means as claimed in any one of claims 91 to 103 in which the
switchable magnetic device is a switchable magnetic device as claimed in any one of
claims 1 to 54.

20 105. A latching means including,

a latching member, movable between an extended position in which it can be
received into a latching recess to cause latching of the latching means, and a retracted
position,

a first magnetic means and a switchable magnetic device, movable relative to each

25  other and mounted such that one of said, first magnetic means or switchable magnetic

device is coupled to said latching member, such that actuation of the switchable magnetic

device causes relative movement of the latching member.

106. A latching means as claimed in claim 105 wherein the first magnetic means

is a magnet.



swi tchabl e magnetic device is on. 110. A latching neans as clainmed in any
one of clains 105 to 108 wherein the 10 sw tchable nmagnetic device and
first nagwetmoi9seans are arranged rel ative to each ot her PSEAURAELS6

swi t chabl e magnetic device repels the first magnetic nmeans when the

swi tchable nmagnetic device is on. 111. A latching nmeans as clained in any
one of clains 105 to 108 wherein thegifirst nmagnetic neans is forned froma
ferromagnetic material, and the switchable 15 magnetic device and first

magnetic meapg arg 1@&%@%9&&%6&1&1&%&@ gdenoptiains $08 br tiatwisneinchabl e
magnetic device attractS the first nmagnetic nmeans when the sw tchable
nmagnet i ewitdbleanignetndevidis coupled tortha fptehingimerber:| ai med in any one of
claims 105 to 111 wherein the first magnetic nmeans is nounted to_the
| at chi ng nenbes.. RQattfidg nfsaheactbinpdieanberas chims kX0l Hoawhersndhefirst| ai ns
105 to 111 wherein _the _sw thabhﬁgm%nn%tgi c device is nounted to the
| at chi ntpagegiisancans iscoupleddp s laGhmg Iy “clainmed in any one of clains 105

to 113 wherein the device further includes biﬁas mea to(%'Saﬁ the,l at chi ng
pinsnto eithed tAdaishingraeansss claimeq it EBHORGLEY ¢lpigms 105t Losswhereinthey o
nmeans as_cl.aifed in.any on fe Gl aj . afeldrd i16tive fd€each attiedri ng
menber é‘f’fg"}ﬁ"bﬁewggneﬁﬁé%&c?ganr%e@ﬁé%sﬁg%u%oqﬁer?% ge)d to alfnl%F3 g\?élgrenber, and the

swi t chabhg mmenalitchablevignétik idovios ealtraals ahs efish dnagnetie r medrisc Whes  thsvabl e
relative to the first nmenber, wherein the latching neans is configured to
| at ch t kwitehabis magnebedeyige 148 second nenmber. WO 03/ 019583 PCT/ AU02/ 01156

62 116. A latching neans as clained in any one_of. cl aj 0 114 in
whi ch the a 11@t chAi hatghpigimesns aa oagimsd lwe??ef%%%?bgﬁh}%ghgw abl e

magneti c vice are nounted .t ' enbe, lralhtd Rbed¥RdIREr | S
adagged Sy glﬂ?@?erg’@gﬁ}lga&qvgﬁ%oang f?rgl{:fé’%%ert\lg apéra?@u%ééo daré]lsecond menber whi ch
i s novak)e el §hitchableendgaetié devce repaloeiie fimheraghaticttheans Svheatehswigehablens i s
configured to latch the first nenber to the second nenber. 117. A

swi t chalshagnaiggydesi¢eds@Byvi ce of the kind including a housing, a first

permanent magnet, a second permanent magnet, the fir an econd per manent
magnets bei iglmodniatching mekms asrdaimsddn gy oue Rt clagps ﬁh%t‘? ??@f”%&‘ﬁ?@ cond

magnet s fﬁgtemra%;%ggca%lle%ns is formed from a ferromagnetic material, and the switchable

15 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.

112. A latching means as claimed in any one of claims 105 to 111 wherein the

first magnetic means is mounted to the latching member.

20 113. A latching means as claimed in any one of claims 105 to 111 wherein the

switchable magnetic device is mounted to the latching member.

114. A latching means as claimed in any one of claims 105 to 113 wherein the
device further includes bias means to bias the latching pin into either the extended or

retracted positions.

25 115. A latching means‘ as claimed in any one of claims 105 to 114 in which the
latching member and a first magnetic means are mounted to first member, and the
switchable magnetic device is mounted to a second member which is movable relative to
the first member, wherein the latching means is configured to latch the first member to the

second member.



relative to each other, between an off position in which the device
presents a relatively 10 weak external magnetic field, and an on position
i n whi ch whe3desBte presents a relatively strong externalPCragneniésefi el d,
characterised in that the device further includes a |ow reluctance shunt
nounted to at least a first portion of the housing configured to be at

| east partially magneti sed when the ggvice is in the off position such
that the external magnetic field presented by the device adjacent to the

first porti Orhﬁf thﬁtcﬂﬂ‘%srhgﬁlsiﬁ cR8abd 8i flyoneafdlaihs 106Gto T Heindehiclcthefaur t her
i ncludes a high reluctarnce region between the magnets and.a orti? of an

ext er nallatehing pirearaf a fine nibeneiiemense ped thetsvdtchplla magneiit dndee ?}S)Q?‘BW
sufficient_reluctance,that the magneti pre t 315810 rdRBvideon of
The. ext o6 i BFPRE @R pe (HERBEVPEROTs s ifeeh i BF TeE 1S o vyt

SW t Chabak)&rlﬁ%%@%téeeoxﬁﬁfﬁ%ﬁﬁepm{chqs kidvdblerelativé fothe firsumemer, avifereis the 20

per manent nmagnet, a second permanent nmagnet, the fir d second permanent

t a
magnet s latoking gneansiistcodfigired imlatohehe s megnber tnthe gegon F}'é@n?q?ef'st and second
magnets are rotatable relative to each other, between an off, EOSi ion in
whi ch the devilge Arsedehatse amagetici deviop ofvdbk kind dnaludingety MevHiRES Re§t and

an on position in which the device, present,s | r nal
nmagnet i ddeFpapet MagRetsa #1659 eflfn?lﬁnet%%agpﬁteh}fe@rls{é gﬁcf%%c¥ﬁ%¥e?ﬁc eggglsagﬁftfow 25

relucta fligUhehot@ndua tHaeasd fipanhd abdopdnmegrets sredrotetable t he
devi ce iqgeﬁ}ﬁﬁlt%ﬁféteg??lftm%osi tioon és)uch tr?at t he external ma.%ne ic fi elefy

pr esent edlatiye tiheactevther batiyeenem off positien 4h tich fhe dryie yFeAnLs 2 1981V
swi t chabl e magnet.i ¢ devi s_cl ai i-n_ Gl ahk icd dEsE R Qb1RL¥
shurk0 i sW%n‘?’ﬁgejﬁ?léHa%rﬁg‘ﬁgﬁh@tan& eﬁﬂﬁ)ﬁgﬁ@%\% ?éﬁﬁlh;ﬂx izrclle‘!t;lﬁiﬂorsl_posi ti (l)ndl‘fhe
devi ce pPLESENSerfal éggﬁ@ﬂcaﬁélﬁ,e&lyarsdtémg iaxthet thel deviggnBiriber fincdides gl ent to
t he shunt. 03/ 019583 PCT/ AU02/01156 63 -ghz . A sw téhab(#ﬁo gg%qg%sitc
devi ce aslwlaiceshint mewieddaat ppst Fishrortien of febrysmgCOPUBHCE (ROSH KT | s
separated fromthe magn LEs iorfsus M8 e @eriBlongdretic devi ce
as clai n%%{l?lﬁ”ﬁlﬁ?’%]ﬁ% g?l&gf%ydﬁg&f?éﬁ% g@%%};‘%\%woer ein the shu%t i s@gr?ot
megnet i cabilypréahied dlyate Wbeite hdjeceanid thdissteponagnef the hauung é nagligile. andhe of f
position, but is magnetically saturated when the it elig€, devi ce
DOt hoaim ookl Aok S SR e, OGS SpiTARchE
i ncl udi n?orgl hous) NA o8 | dufthce BEARRABHEe, WEBRIn (iR BighoRthcemcernginh magnet,
the firs R4 SeCon per manent nagnets ) )

sufficient reluctance that the magnetic flux presented at said portion of the external surface

of the device is substantially constant.

118. A switchable magnetic device of the kind including a housing, a first

20  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 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 field, characterised in that the device further includes a low

25  reluctance shunt 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 shunt
is negligible.
119. A switchable magnetic device as claimed in claim 117 or 118 wherein the

shunt is configured such that when the device is in the on position the device presents a

30 relatively strong external magnetic field adjacent to the shunt.



bei ng nounted wi thin the housing such that the first and second nagnets are
rotatable 10 relative to each other, between an off position in which the
devi ce prwoanwss3rel atively weak external magnetic fiel e#CTaxi@2ansen
position in which the device presents a relatively strong external
magnetic field, characterised in that the device further includes a high
rel uctance regi on between the nagnetsgznd a portion of an external surface
of the device, wherein the high reluctance region has sufficient

rel uctance t the vViEtgﬁﬁfeirﬁ HX ddvic he sRih@inddnys@iedofpdainisai 7ab 1tlRe
ext er nal sur?g@e g’fst e devi %%4 is substantially constant. 123. A device as

cl ai med whereih diershidt7s sepat2@l fubrrthe maghats by ghalf@Pct ance region is an air
gap. 124. A device as clainmed in either claim117, 122 or 123 in which
further inclodes sswintable miagietic dovit asl clinet atryyoneof ¢laimsolidi gl 2Rhi ch at

| east partly defines the 20 high reluctance.region, .1 ' S

cl ai med Wherdip sheshuntzisgyot W%ﬁéﬂwa%‘iagq%ﬁgh%e P‘%“%??fki‘%‘ %&‘@8 Ve R iR

i ncl ydes; a ! Sl ahiuYatb® whbf tossitdablshihaghedt dediasis mart |y
defi Ees%hef ﬂ@q%gg]ﬁn’re ﬁ%?lga céﬂcr%ggi on.a 126. A device as clainmed in either

cl ai m 1ii{e o1 pasitjorone of clains 122 to 125 25 wherein the high reluctance

region includes at |east one void forned in the housing. 127. A device as
claimed in anprones alyviehsdlemdenbtic 2Bvicardthte kiodpnclsiing a hergagad|f&shol di ng

a1 0" rclpssoatsiG TS AGErEA ReTBIG e tiis. bl toep it Pl REBR °T,

e nmagne to nove

Lo a seqonth piohah Wi the Abh SuohBap AP AR REEDHARAIRLES roBEbIZS. A
e /

device a8 & & inclarm urther including actuation maané fo
act uat i nglatike t¢ ehdasthbl, detvodedi angofifpasition an vdticnte devicsi IesRRTLIvVERD. A

device as clainmed in cl.ai 28 wherein .said [ ' a
push butWesk xterasgasgtc ﬁgldi%’éd 2t O POFIEEN JLWE %ﬁﬁ%&%ﬁ%ﬁg&éﬁg %ﬁ%ﬁzi ns
127 to OnAPReaied #dd,aEhirackiRe®fin chaithe dbvice fBrtdreineludes hégh

rel easabl e fo Ing neans rel easably hol ds the biasing

. n%gns. 131. . An
el ect ri celuctmuprégion bawtenytheatagnetsirade portien e e PEtgImat 84 gOf G % an

gé;? Ir Sﬁlrgggrglglu tOéighS A SUPLILRY 1 AC NG 3biubGASE tRRCHE Ob@dtic P | ON

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

123. A device as claimed in claim 117 or 122 wherein the high reluctance region
is an air gap.

124. A device as claimed in either claim 117, 122 or 123 in which further
includes an outer shell mounted externally to the housing which at least partly defines the

20  high reluctance region.

125. A device as claimed in claim 117 or any one of claims 122 to 124 in which
further includes a spacer mounted externally to the housing which at least partly defines
the high reluctance region.

126. A device as claimed in either claim 117 or any one of claims 122 to 125

25  wherein the high reluctance region includes at least one void formed in the housing.

127. A device as claimed in any one of claims 1 to 26 further comprising
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.



10 the electrical connection, and a switchable magnetic device configured
to retain the contact portion in conductive contact wth the external
conduct orwateenidske switchable magnetic device is in the ecTpa®2OIGH. 132.
An el ectrical coupling as clainmed in claim 131 wherein the contact portion
is mounted to the housing of the switchable nagnetic device. 15 133. An

el ectrical coupling as clained in clagn 131 wherein the contact portion 1is
integrally fornmed with the housing of the swi tchable nagnetic device. 134.

An el ectrical,goupl §Bge2ss ElafthéPsh tRiANL70Mehef imhalin adi@dtidomtas fher ei n
the coupling Tncludes at two or nore contact portions. 135. An electrical

coupl i ngctasting thi neleasable hbbding m8ansih eeledsn ashid 1aeR6ISi ng further 20 incl udes
an electrically conductive circuit between said two or nore contact
portions. 13629.An Acdedderds@idimedirpdlaing 1 26 whérainmsaifl 4otuatiop negeas ePmpIs s 131
to 135 which further includes actuation neans adapted to relatively rotate
t he magmuslsbyionay@ngeiPéithabl e magnetic devi ce between the on and of f

states to selectively allow coupling and _dec | i of the el.ectrical
coupbi ng neans80. 2% dgyice srslaimed i Wé?ne@é&}?ﬂmﬁgg’g? &%awﬁ’é?i aPW@?\%"OWé’ of

claims 131 to, 136 wherein . 109oldisd HAeSs Fabksb1Y HoRisMhE BidiRENS
adapt ed 4§ Qrfé’&aéWelm%n%QVn}%ﬁeelﬁ El'l?eege?‘%é%ﬂz%?%godr@act wWth anpel ectrically
conduct ignsabl e. WO 03/019583 PCT/ AUO2/ 01156 65 138. An el ectri cal
coupling as clainmed in any one of clains 131 to 137 which further includes

el ectrical swhsfChifigcRBABS @apliigiindiduted t6ehaetdnvetborigl evemtction wathl apw
el ectrical current to pass through the coupling. 139.. An el ect

C . i cal
coupl i ngextesnal lcandnstpri spidegupbing insfudingatigast gae AL BOLHAN AR Wecg{otrﬁgke
actuatio ans s coupl ed t he: t L1a6alicS W& ichsh dRaN %o SEGhh tkwat an
el edirid ?rg?"é’ﬂ?cia S 3 lﬁrg’e\é}}écﬁtae%%ft@gr%&pg{ggﬁénb through tI%E coupl i ng_when the
swi t Chabdo%td&’@?ﬂﬁioh Cin E@dieivei ontaet thith ibf expasalt ¢omducton oheprihe swielhabla|
coupling as clainmed in any one of clains 131 to 139 which further includes
el ect ri cahgrietie dPwee 5rin SLTSPOSHIPNI41. An el ectrical coupling as clained in

any one of clainms 131 to 140 including a svvi,tchablg mag@eti c evi ce as
clainmed in anl32oneAntlectrigihepupling asglagped-in gl h37Whgeiiiye coqiad pogon

el ectri Cfs"mo%% e%ltia?lge I?c)susf:nlgacjflfff"ecgv&i{lhmxnpa%ﬁetﬂ;d&fhc%i. me 131 to 141 wherein
15 133.  An electrical coupling as claimed in claim 131 wherein the contact portion

is integrally formed with the housing of the switchable magnetic device.

134.  An electrical coupling as claimed in any one of claims 131 to 133 wherein

the coupling includes at two or more contact portions.

135.  An electrical coupling as claimed in claim 134 wherein the coupling further

20 includes an electrically conductive circuit between said two or more contact portions.

136. An electrical coupling as claimed in any one of claims 131 to 135 which
further includes actuation means adapted to relatively rotate the magnets of the switchable
magnetic device between the on and off states to selectively allow coupling and

decoupling of the electrical coupling means.

25 137. An electrical coupling as claimed in any one of claims 131 to 136 wherein
the coupling includes cable receiving means adapted to receive and make electrical contact

with an electrically conductive cable.



the coupling is configured to be an earth coupling for welding. 143. A

swi t chabl e nmagnetic device of the kind including a housing, a first 15
per mmnentwoagnetsgs a second per manent magnet, the first anedCIadamadiper manent
magnets being nmounted within the housing such that the first and second
magnets are rotatable relative to each other, between an off position in
whi ch the device presents a relativelgs weak external nmagnetic field, and
an on position in which the device presents a relatively strong external
magnetic fields charachgtiisetplink hahicidiein flydéiever elaingni3t iolBDivhidhe fir st
and 20 seconé nagnets can be 1\’)/arl ed between the on and_ off positions to

pr oduce faheeXheludad electpigaleswitching impans configured) te tseleplifaly PIopgnt AT &iPchabl e

magneti c_devi ce as cl ai mﬁjg in gl ai m.143 wherein the relative orientation
of the flachicaherensianmgs Hgelile PUPIBE i nuously variabl e between the on and
of f positions. 25 145. A switchabl e .magnetic device as .cl.ai LR:glaim
143 wherei n tlg&. r%@lﬁ%calGPP@mgﬁsicgﬂnﬁg ] ARY PRG Cﬁlmfslsg d r%ggg%gwn’é S is
incremental Ly variable RBuRA0swidHind Ahhd QUth. thddsh elciieal i cl e
deflgct ir}%%a?}é%{‘h% Qgg‘%ﬂgﬁ%ﬁ%ﬁggﬁt@%f Char ged articles moying past the

def | ect iRenERNSrevansd fidef basingothronghnthei covp mdren theviswe! e IHEHEHR i c
device 30 configured to generate an external magnetic field to deflect

sai d pardeviseéssin thgprBPPeiloBg3 PCT/ AUD2/ 01156 66 147. A particle deflection

nmeans as clained in claim 146 including a.sw tchable .pergane et as
clai med in ari#O0oneAmfleglrigplngouphing @y CH?A@C‘Z&)“ 48y PB° 8% f’]ﬁﬁﬁ? ﬂlgfl&?%%t%%

defl ection, of. pakrti : | ed. 148. A fluid coupling configured
to make & ”?rllﬂaad%soériléﬁg%fa?%ﬁ g?ﬁeﬂigﬁﬂ% first 5 fluid port and second fluid
port, characterised in that sai j - i hari3iinghudeshaline | east
one i tchabI]e4rlrra F%egmﬁgvﬁoggll%%%#%lg}eggﬂtméy?Ig%éilu(ﬂ&?%enfllqﬁilgg orts Tn
fluid copmuNaBRihQMNE Bdvieastlainee in whyeond dfelams tldb atloe claignbil to 1d6vi ce i s
in the on position.” 149. A fluid coupling as clained in claim148 which
further inclufps agl kiRl cIBARS .8 dRRAGTIN My leadficlaing 180talél wheraimgnet s
of the swi tchable magnetic device between 10 the on and off states to

sel ect i vibkeyoaplinpis configuraitodedndechapunling for weld&% | ui d coupling means.
150. A fluid coupling as clainmed in either of clains 148 or 149 which
further 143. A switchable magnetic device of the kind including a housing, a first

15  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 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 field, characterised in that the relative orientation of the first and

20 second magnets can be varied between the on and off positions to produce an external
magnetic field of varying strength.

144. A switchable magnetic device as claimed in claim 143 wherein the relative
orientation of the first and second magnets is continuously variable between the on and off
positions.

25 145. A switchable magnetic device as claimed in claim 143 wherein the relative
orientation of the first and second magnets is incrementally variable between the on and
off positions.

146. A particle deflection means adapted to deflect charged particles moving

past the deflection means, said deflection means including a switchable magnetic device

30 configured to generate an external magnetic field to deflect said particles.



i ncludes flow control means configured to control the flow of fluid between
the first and second fluid ports. 15 151. A fluid coupling as clained in
cl ai ns 15®@0ioa/0vs8h t he actuation neans is associ ated w PoTAE®201166v
control neans such that fluid flowis prevented when the swtchable
magnetic device is in the off position. 152. A fluid coupling as clained in
any one of clainms 148 to 151 includingé® sw tchable nmagnetic device as
claimed in any one of claims 1 to 54 or clainms 127 to 130. 20 153. A
suspensi on de\1i4¢e bbayzirﬁgleaieﬂécrtﬁm meabes chirnpeiddain éd@incielinga swidmbled

menber of the t including a first netl associated with t

first medPSERAneH agf@é@ﬁalarm efhigy 31y %&E ég?’ ig ﬁ‘g;%] ‘l‘%totﬁ']llgw tgﬁ&ﬁtﬁmn%ﬁber
char act ery ﬁ@&mh%fé%le‘é't&ﬂ@&on jod first or second magnetic neans incl udes
a switchable nagn tic device 2 A suspension device as claimed in claim

153 wherein s cg '{%ley (fcou T Oc%gﬁgt%lgd %Qﬁ'ﬁ{te ;ﬁ} ﬁgﬂnéonﬂéalokobn%&léé{@%

relative to e e su NSt on relative to

t he SSCOH’HudT?dSﬂB@Iﬁd sekohd ﬂﬁqupbspemaaengba\Ah chat gsid €luid compling fiatter imchids ar 154
wherein the first and second nmagneti c neans are arrang dkgo repel _each
ot her whdepst £ng %\wtctlwhlﬁbrr@gﬁ%nélwl&e %ﬂge@dp%%tﬁmsaf& %@! Potf8 | Y QP‘?}O

ext er nal c'gﬁt%ﬁﬁéagoﬁ Wit ]l_jgg(vﬂér? %}Wé%gﬂ&&%wc@ {si gﬁe 0 §éi§<5}§ n 2 'g on

device as ¢ |nca|m erein e first an

monel e - SLSEL S8 PR S PR O

magnetic devicC ron extern nmag ne

A magnet irGeantl SRRAEI RreREVEIgoRt the axllet@éts loff tl&l SritthdiHé nwtgﬁetm devhctaebe‘tween and
5 second magnhetic nmeans are arranged to attract each_ oth V\ﬁ sai d

swi t dRablthe ﬁﬁ@ﬁéﬁfﬁ staigeJp celeghede ﬁkI%Wawrﬂ@lFrs& rrrefiseoRine 8§e<fbé’r ‘&H GoHRfRg i ¢
field. g,ge magneti c suspension device as clainmed in any one of clains
153 to 1 mhlch further includes danping neans including an electrically

conduct i ve porihon  GRUPLEGLE LGRS HbeSCARGTRIDE! | BHGRIH R thor

relative ane ers causes & condict i ve
portion tifclimsedw cbﬂitﬁ)lriﬁmefcbﬁﬁguredl @b g@ﬂ@fl #eeflow of tfhéd bétwesil ther fisseaahd
magnetic neans. 159. A magnetic suspension device as clainmed in any one of
cl ai 5 158cang B@poikherein the first and second nenbers are slideable

relative to each other.. _ _
15 151. A fluid coupling as claimed in claims 150 in which the actuation means is

associated with the flow control means such that fluid flow is prevented when the

switchable magnetic device is in the off position.

152. A fluid coupling as claimed in any one of claims 148 to 151 including a

switchable magnetic device as claimed in any one of claims 1 to 54 or claims 127 to 130.

20 153. 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.

154. A suspension device as claimed in claim 153 wherein said first and second
25  magnetic means are to arranged relative to each other to cause suspension of the first

member relative to the second member.

155. A suspension device as claimed in claim 153 or 154 wherein the first and
second magnetic means are arranged to repel each other when said switchable magnetic

device presents a relatively strong external magnetic field.



160. A magnetic suspension device as clainmed in any one of clains 153 to
159 15 wherein the first magnetic neans includes a sw tchable nagnetic
devi ce. IW0.03M19%88Nneti ¢ suspensi on device as clainmed in amgTovu®201i1561 ai s
153 to 160 wherein the second nagnetic neans includes a sw tchable
magneti c device. 162. A magnetic suspension device as clainmed in any one of
clains 153 to 161 wherein in use thegexternal magnetic field of the

swi t chabl e magnetic device can be varied 20 to vary the separation the
first and seqepd NEARBERIMENiGIEPaNERM inbiSm B3nmgitet Whersinsthefsstomddevi ce
as claimed in any one of clains 158 to 162 V\,hergi n %ge devibtfe con%%ri ses a
danper gecondshagrctiabmondete. armgged | Fiagicesk obeRRDAY sHE SWLUCRILIE MASHTUSY i n
whi ch the noti on of conductive er ik ive to a nagnetic neans can
be decr @&gléﬁpffﬁetgf)ﬁf‘%ﬁté‘feﬁ%#md’fg eé(terrrg%%a#%ﬁtfegagé 25 to the conductive

menber, characterised in, that the ymgneti,c. neans:inagl j | e
magneti ¢ deviléé. ﬁ@?gﬁtmﬁwlentﬁlﬁgg? AYcl rTerrﬁismglsanjélclgiume r%ﬁgiﬁalﬁt%ﬁ{%m

whergin J.n, USGaddi6e ét‘f%h@ LR HRENES htfraéti QLK ofter hen Suiidtseliehitde magneid c

devi 8e C&n be varied between a- rel atively low level and a |arge |evel so
as to valeyickpeesents @ relhtividy weals extefnal magiaticdieldre 30 notion of the conducive
menber and the nagnetic neans. WO 03/019583 PCT/ AU02/ 01156 68_166,

magnet i c brakisgg neangnetc sispémskoh davicei ashdaimed an any eue of clgims KA E5137h

whi ch the magnetic neans is stationar) d the ¢o j (g Vi ng.
167. A relielt fuether Mglpdes ndapRNG SMEFIS; ﬁ"éﬁl @t%&&g‘gﬁ{z}}u ‘rén811<g§{{2§ ke a?I?nDIGS
in  which ' 8id iSnbhAkicaNRd Yelaiek hbeerag e thofineanssecendrovi ng.
5 168. ,&:Oﬁléfg%ralg??%é %@%ﬁﬁ% nmeans as (?I ainmed in any one of clains %G%to 167
in Mhi chepbaduwaties dhereambictive patiesttarmeed inythgimesnste fiell 2asetehdX s chabl e

magneti c _device as clai.ned in any one of clainms 1 54 or 76 to 81 or 117 to
130 whi chirst o ered PARNCHI &84 Yidi cat i on neans to indicate the relative

orientation of the magnets. 10 170. A sw t.chahl.e nmagnet | i | ai med
in claim169 Wifer eAﬁnqgﬁleﬂgél}SpPlﬁﬂ?fhéeVl%Wst@W&}?ﬁe‘n&gﬁg’g? iolg%%?g@lygg?it@§ %r cibly

renoved for ORBiHefs &t Edtable rblGve fondtleafienn means i ndi cat es
the rel aY"ﬁ%rg]ng@FSIn g%?géﬁog? t he emagnets prior to renoval. 171. A switchable

magnetic devi f&).aSA%%n@ES' sﬁgﬁeﬁgi&il B vi0DaPElaihfdd ihhnune bftcems 153 to 159

15  wherein the first magnetic means includes a switchable magnetic device.

161. A magnetic suspension device as claimed in any one of claims 153 to 160

wherein the second magnetic means includes a switchable magnetic device.

162. A magnetic suspension device as claimed in any one of claims 153 to 161
wherein in use the external magnetic field of the switchable magnetic device can be varied

20  to vary the separation the first and second members when suspended.

163. A magnetic suspension device as claimed in any one of claims 158 to 162

wherein the device comprises a damper or a shock absorber.

164. A magnetic braking means of the kind in which the motion of a conductive
member relative to a magnetic means can be decreased by application of a magnetic force
75 to the conductive member, characterised in that the magnetic means includes a switchable

magnetic device.

165. A magnetic braking means as claimed in claim 164 wherein in use the
external 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

30 motion of the conducive member and the magnetic means.



indi cation neans is the actuation nmeans. 15 172. A latching nmeans as
claimed in claim105 wherein the |atching menber conprises the first
nmagneti c Worberssi73. A sw tchabl e magnetic device as cl aiPe@htopomnsy one of
clainms 117 to 121 wherein the shunt is al nost nagnetically saturated by
the external magnetic field of the swtchable nagnetic device when the

swi tchabl e magnetic device is in the g§f position. 20 174. A switchable
magnetic device as claimed in any one of claims 117 to 122 the shunt is
ferromagneti ggs. A magnetic braking means as claimed in either claim 164 or claim 165 in

which the magnetic means is stationary and the conductive member is moving.

167. A magnetic braking means as claimed in either claim 164 or claim 165 in

which conductive member is stationary and the magnetic means is moving.

5 168. A magnetic braking means as claimed in any one of claims 164 to 167 in

which conductive member is substantially disc shaped.

169. A switchable magnetic device as claimed in any one of claims 1 54 or 76 to
81 or 117 to 130 which further includes indication means to indicate the relative

orientation of the magnets.

10 170. A switchable magnetic device as claimed in claim 169 wherein in use, if the
switchable magnetic device is forcibly removed form an external magnetic circuit, the

indication means indicates the relative orientation of the magnets prior to removal.

171. A switchable magnetic device as claimed in claim 169 or 170 in which the

indication means is the actuation means.

15 172. A latching means as claimed in claim 105 wherein the latching member

comprises the first magnetic member.

173. A switchable magnetic device as claimed in any one of claims 117 to 121
wherein the shunt is almost magnetically saturated by the external magnetic field of the

switchable magnetic device when the switchable magnetic device is in the off position.

20 174. A switchable magnetic device as claimed in any one of claims 117 to 122

the shunt is ferromagnetic.



