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TITLE OF INVENTION Improved Dual Coil Actuator With Combined
Configuration of Axial and Radial Magnets 5 FIELD OF THE INVENTION
The present invention relates to a moving coil actuator that utilizes a dual
coil design and the interaction of an axially magnetized permanent
magnet and one or more radially magnetized 10 permanent magnets
arranged in an annular ring to produce very high magnetic forces.
TITDESHRINMENIZORELATED ART Moving coil actuators are
electromagnetic devices that provide linear mechanical motion on the 15
coil in respaonse to the interaction of electrical and magnetic circuits. As
TmproR&HRH g?é} PepRier e GrmupHl et i msling Ratialdaststs
consists of a cylindrical inner core and an outer shell which surrounds the
FIEIA EHCOHEBNOENEINannular space between the two. An annular
magnet is mounted on the inner wall of the outer shell while another
The ?Pe@“r'l?{n”.‘e%‘%‘r?tréﬁ hounted %% i ng\e{oWﬁlllalltOJ Hﬂ%&%"f%ﬁ%ﬁ IS and the
ombination provides a single ctlose 9 magneflc circuit. A“Gircuiar col
intergefiRfirRy 78 pyaiio ReanseEacrRsTnip i MagRRt anthels curmer isdidlysaagietised
perme@RViRgiINGs aringad fareeaitypio dhgedpbydile iatehagimagatiberadssent
and the magnetic flux density across the air gap. Fig 2 shows another
conventional design of a moving coil actuator. In this design, an axial 25

DESrﬁ%ﬁH@aﬁﬁc IR A8ded end of a cylindrical shell. A

ferro-magnetic pole piece is attached to the other end of the axial

Moxﬁﬂ@gmﬁcﬁlﬁ%ﬂs&;@@f&:@f@i@r@ﬁ@%&ﬁeﬁlﬁa@ﬁr%ﬁeﬁﬁ%ﬁ&@cﬂﬂﬁ:al motion on the
ferro-magnetic pole piece ?Q'f% tr;]% (Ppgg]ggd of the shell, W

. en current is
coil 1n resg(c)ins {P]t ¢ ter th o) ctrica ctic mrg.flts. S Sp\OW in 1%5, one
pass in the coll winding of a circular Colrassem , a llnear rorce

typeproelgeentont) Mnepupmingsol, 699a90gdnssie Pi@ Frhndiehidistigsesnd an
outeMMING/KioH aGHdahas thatinkesete Ab ARk MAYNAIRAHRACHBHREINBINRB! An

annd@ QLA %SOIHE%';%%Q%Ilk RRrovide f fUK PR IQWRGS 2 aS&HE‘?ECgJiQ%CgAet is
core. I this con Iguration, the moving coll asse_m%,y IS forr_ned1 y,dueﬂ coll

mougtedsigh A RusH B efnfe BT T di combiBYign BIRXIMS e le closed

magnticl mgttm intefi@cta® lco'fbwﬁf_ldihng aérpgsipicm‘_e& hm@iethnnSe_ 'E_inigams Bﬂ’ﬂseinoarr@nt is

passi@ SEMINSANIRIAR, ANEHRL KIRLQYBIIGRENING SR EMGINDY Y (RS MK,
coil actuator, U.S. Patent No. 4,808,955 issued to Mikhail Godkin and

maghRlig HABPS i8R St Rer moving

Fig 2 shows another conventional design of a moving coil actuator. In this design, an axial
magnet is attached to the closed end of a cylindrical shell. A ferro-magnetic pole piece is
attached to the other end of the axial magnet. Flux is thereby produced in the air gap between
this ferro-magnetic pole piece and the open end of the shell. When current is passed in the coil

winding of a circular coil assembly, a linear force is produced.

U.S. Patent No. 4,692,999 issued to Frandsen discloses a moving coil actuator that uses 2
annular magnets attached on the inner wall of the outer shell to provide a flux path towards a
center cylindrical core. In this configuration, the moving coil assembly is formed by dual coil
sections instead of a single coil. This dual coil design allows the coil winding to interact or
“cut” the air gap at 2 positions. This results in a larger linear force, and an improvement in the

efficiency of the moving coil actuator.

U.S. Patent No. 4,808,955 issued to Mikhail Godkin and Jack Kimble discloses another moving

coil actuator which also uses a multiple coil design. In the dual coil design disclosed, similar to
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coil actuator which also uses a multiple coil design. In the dual coil design
disclosed, similar to 1 the design described by U.S. Patent No. 4,692,999
issued to Frandsen, 2 annular magnets are attached on the inner wall of

the outer shell. However, in this design, additional 2 annular magnets are

the @éﬁ%rg E%&hﬁéi’i t&/th% %%‘hy\f@y Qf%@l%u%ﬁ & ﬁ&ﬁﬁ?eé IQgignﬁﬂgﬁggnets are

diment, a “first and a second magnetlc circuits are provided which

attached 08 the Bs5iredicaibs il i ey ot B ety 098 opald oRper
magheB4B 208 msybd to foross didohd Sesimenovindnobil sictlmtoded kichpdisest, a
ﬁrst%%tﬁa%cmlxgmgeﬁsﬁesda%mm@amﬁéme@em@geﬁfs%mmmﬂmmx
Hler of actuator core. hi the single embodiment with 2

%gnetlzed permanent magnet sections (see Fig 3), 2 10 magnetic

cwcwts are formed, allowing the 2 colil sections to cut the flux more
U.S efticiantly. sij's 206iakealldlesigiosnaies thadviayingl @eihianham}alﬁae@fs of
ax1ai: ree.tha t 'S 5%@3*},%%9&‘6 nilongl moving coll desian 2 f’ gibed.ig,
?'né WI'[ avm the same S%meterliout with t% “dual coi ae5|

the ﬂ&%ﬁﬁgrabf&*@@rta%@i %W@}aﬂyws*ﬁézeérﬁgwafwasmb %?ﬁswnfg(%?s.flg 3), 2
magactidgaionos the foriardantloaimp ehéLd thel deniiroyedcuoteffbrdmprovidiently. This
duaRRAIANBNGE AR ARG GEORAMI G RRRA S P/ MAR Yol 26 M%%ﬁ@%&&

The present invention uses. a different configuration of an axially
m‘”r‘r‘i‘ééﬂ‘éﬁ?%&“ﬁé r‘ﬁ"‘.%?ﬁ‘@ﬁ‘ij hig %eWWH%Oghléa‘GP%B?éafaﬁ %ﬁ??ﬁé&ﬁtewlég‘e dual
coil devigrabrvinandepgetstvldengitle 2 magnetic circuits, thereby allowing the 2

coil sections of a dual coil actuator to cut the flux more efficiently at the air
The f? ra&)qegyﬁao%ed Of |£Ié/tg t|0n Sﬁ pro(}{'lgl% %adlfqaer%ln&xer 1 pI'OVCd

contl ra ion Wherein the® movmg coll actuatof has: a cylindrical sh el
to pREgIngRICIesea Emaess intbrdgrseerte msitgfrom the closed end
along a longitudinal portion of the cylindrical shell to an open end, 30 an
SUm@rgﬁx%%f%ipner surfaceof the closed end, within a ce_ntre of
the cylindrical shell to define an annular air gap therebetween, a coil
assembly movably disposed within the annular air gap and connectable to
Theapresent invention uses a different configuration of an axially magnetized permanent

I’IlOI'C C

magnet with one or more radially magnetized permanent magnets to provide 2 magnetic
circuits, thereby allowing the 2 coil sections of a dual coil actuator to cut the flux more

efficiently at the air gaps.

The first object of the invention is to provide a different configuration wherein the

moving coil actuator has :-

a cylindrical shell having a closed end, an inner surface extending from the closed

end along a longitudinal portion of the cylindrical shell to an open end,

an inner core fixed onto the inner surface of the closed end, within a centre of

the cylindrical shell to define an annular air gap therebetween,

a coil assembly movably disposed within the annular air gap and connectable to an
electrical power supply, the coil assembly including a coil carrier disposed within the annular
air gap, a first coil winding formed on the coil carrier, and wound to have a first polarity, and
a second coil winding formed on the coil carrier, wound to have a second polarity opposite to
the first polarity, the first coil winding and second coil spaced apart, the first coil

winding and second coil winding in proximity to the axially-magnetized cylindrical
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35 electrical power supply, the coil assembly including a coil carrier
disposed within the annular air gap, a first coil winding formed on the coil
carrier, and wound to have a first polarity, and a second coil winding
formed on the coil carrier, wound to have a second polarity opposite to
perad 1 Sk RRIAHR 06 Sk L WIRCHRR A0S SBRRUSHCQl SRAREH AP Bcrcs
first coil. winding and second coil winding in proximity to the
but in ionReSH& GHEHE cylindrical 2 permanent magnet means and such that
the first and second coil windings are wound in series but in opposite
the GHREHRRINRESRAAGYFAlPMAINSIRLING Of abhiRRAMGP R A RIRATIMUARI, an
. arran ertnegt includ}lrégtanmS a>§ial%-ig1a%r}§1tlizeqn%§r[rﬂandentérnneil rggtt, said .
amaa&ilélﬁgn magnetized permanent magnet having a fist direcion o faghe
havipgq fiesti AitRsHompmaanghetier: artitgement of radially magnetized
permanent arc magnets, said radially magnetized permanent arc

an %@iﬁa%etaaﬁg%%&%agp% i nlg‘ed%%{i%éﬁ face af g ¢losed r}erensgfdﬂ:{eadially

y maghetized cylindrical permanent arc magnet having a seco

magpf et PP BRI &z BRSSP rdRiRE ALY aiallycritaghetizate cffinbficeiesed
end,pefimandnymagreetided thgirsdially pamagmetizecd cyialeical perimangns@ond
direMNAYPEIR AgiMaghetized in opposite directions such 15 that the 2
magnetic circuits produced by the first coil winding and the second coil
winding are opposed in the axial direction, to produce an additive axial
Prefeeyoler, wibh axiellyreniiztgsgliecytndhicaboilerProtarabiypghet firsndlitbetiodialy
magﬂléﬁgéﬂle%?mm&gﬁisﬂg@néﬁﬁwrﬂ&@@fﬂﬁe%ﬁ@ﬁ@%&iﬁ%ﬂ%ﬁo&@ (lalmae@ﬁh%uch
flux at the closed end of the lingar actuator to.pe gujded radi inwards .
e e R W M fRETY RS e
windiig ratirafpnessg iietheacial difavion permprdese arc Mdigrerxivrioiseaptyen 2
curréhei sapplitariarhargynent consists of one or more radially magnetized 25
permanent arc magnets. Preferably the longitudinal arrangement consists
of a ferro-magnetic inner core, the, first end of which js attached to an, .
Prefirahly dbifrdicd shrrdVLaendi Bttt Wibricsroshlirehny sdcanraretig b
causker therflagatatic dhonet auref dttdolved dctathirstodrd auidrdedotioh inwards from the

cylindrical shell towards the center of the cylindrical shell through the radially magnetized

cylindrical permanent arc magnets.

Preferably, the annular arrangement consists of one or more radially magnetized

permanent arc magnets.

Preferably the longitudinal arrangement consists of a ferro-magnetic inner core, the
first end of which is attached to aninner surface of the closed end of the cylindrical
shell, said second end of ferro-magnetic inner core attached to a first end of a second
axially magnetized permanent magnet, second end of axially magnetized permanent

magnet attached to athird ferro-magnetic pole piece.

Advantageously, the ferro magnetic inner core of the longitudinal arrangement has a
through bore in the center allowing the attachment of a shaft from the coil assembly to
the other end of the actuator, thereby allowing another part on the other side of the

actuator to be moved.
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30 axially magnetized permanent magnet, second end of axially
magnetized permanent magnet attached to a third ferro-magnetic pole
piece. Advantageously, the ferro magnetic inner core of the longitudinal
arrangement has a through bore in the center allowing the attachment of

Pret@rlﬁ‘élﬁfttffé"ﬁ‘rﬁ‘&%ﬂ ARSI GG CBE BE ﬁ%ﬁgﬂﬁﬂﬁ%ﬁoérﬂ@éﬁ%t

~allowing another part on the other side of the actuator to be moved
is asbeskdBlyhhei et avidreR e therrel Hedgrsticinther cditdrahehrdh gruesifadr

moraaagement is attached to the inner surface of the closed end of the
cylindrical shell by one or more screws. 5 Alternatively, the first end of the
ferro magnetic inner core of the longitudinal arrangement is attached to.
Altegrativeidr stifadl bt Yost efftFor HestSiithdiies] SHel ty difegrgiutiaal
arratippttenAdvantsgbalsly, the onemor mdieeradially riagdetinédo€ylirdrigaldrical
shelPEYNAARERT M@gngissare 10 diametrically magnetized arc magnets which
are magnetized in a single direction radially. Preferably, the radially
diametrically magnetized cylindrical magnets are high energy Neodynium
Advintre®osbh ey netaneraghely. mamtefat ablindhels amaovingnegikts  are

dianREUAII Hses B Hierentsonfighiation ofanaxalh Magnetzedion radially.
permanent magnet with a radially magnetized permanent arc magnet to
provide 2 magnetic circuits, thereby allowing the 2 coil sections of a dual

Prefarghlyctubitor taditibthditirisidensmgamdy alitdsical gagacts orsRieh energy

Neolofa Rbn Biéodd fdgiddbrORAWANGS For a better understanding of the
invention, its advantages, and the objects attained by its use, reference
should now be made to the accompanying drawings. The accompanying

Prefesgblawiitys HdstFats Hn &°8r B e MitSdim SN BF (RO TIVERE PR AR axially
maghegetheerwitheth eages origtio nethieHyimagestiesdpexplaént the workings andide 2
magiRCRIGH OftbRIDVEIRNIAY, hiY2!dsistsass seatianlaghrmatic @iag 8 flux

illustrating a conventional linear moving coil actuator.
more el’% '1c1entl?39at tl(q:e air gaps. 9

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, its advantages, and the objects attained by its
use, reference should now be made to the accompanying drawings. The accompanying
drawings illustrate one or more embodiments of the invention and together with the

description herein, serve to explain the workings and principles of the invention.

Fig. 1 is a cross-sectional schematic diagram illustrating a conventional linear moving coil

actuator.

Fig. 2 is a cross-sectional schematic diagram illustrating another type of conventional
moving coil actuator wherein the axial magnet is attached to the closed end of a

cylindrical shell.

Fig. 3 is a cross-sectional schematic diagram illustrating a third type of conventional moving
coil actuator which uses sets of axially-magnetized cylindrical permanent magnets mounted

in the centre of actuator core.

Fig 4is a cross sectional schematic diagram of a moving coil actuator of this invention.
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30 Fig. 2 is a cross-sectional schematic diagram illustrating another type
of conventional moving coil actuator wherein the axial magnet is attached
to the closed end of a cylindrical shell. 35 Fig. 3 is a cross-sectional
schematic diagram illustrating a third type of conventional moving coil
actuator which uses sets of axially-magnetized cylindrical permanent
. magnets mounted. in.the centre of actuator.core. Fig 4 i 0S 0
Fig g]cﬁ%ematlc égra?nc o?lagrmovmg%&chﬁ?ﬁt%fﬁg? fﬁagr%lt\l/ceﬁ %r %L r%aSt
coil gdwdian wepeinatit eradiens sheneddignsrigrst tf?écﬁ]a’é‘ﬂ'étﬂ: ‘F}éTﬁnfh r@aenn@ed
to ththeofigst coil and the second coil producing the additive axial force when a
current is applied to the coils. 5 Fig. 6 shows the cross section of the
cylindrical shell with the arrangement of array of magnetized arc
Fig. fefitare R nsaRsietelionrry. resirulindiing Shells"dbctin Brfteeesittdricaray of
magshieldvithpanather anegngement of 10 array of magnetized arc permanent
magnets. . Fig. 8 shows diametrically magnetized are magnets which are
a etlze in a single, directi S urther embodiment of
Fig. rﬂe%ig &S’moﬁ UM %C(%’Pnp gté Bné é%m?lar{‘]n?ula‘?]%aﬁln i P RSHOf
anaaanfemﬁs@enmém@wwmn%m@net@herem the axially magnetized
permanent magnets has a through bore in the centre. 20 DETAILED

Fig, Q gWFglP&I;ION OF THE INt\l/ZIg(Ii\ITION Fi E S a Cross 3‘192%[ onala single
schematic &agram of a ﬁmvmg coil act ator of this invemtion. The movi g

direqtifinear actuator includes an open cylindrical shell t made of ferro- 25
magnetic material. Such ferro-magnetic material can be cold rolled steel,

Fig. VANadihm PErAGREHT %é&@né%{'%sﬁ?é”iﬁ%ﬁ&%eluﬁ@rﬁt endpRlithishe piece

cyllndncal shell is open while the second
annular magnet.

Fig. 10 shows an embodiment of the invention wherein the axially magnetized

permanent magnets has a through bore in the centre.
DETAILED DESCRIPTION OF THE INVENTION

Fig 4 shows a cross sectional schematic diagram of a moving coil actuator of this
invention. The moving coil linear actuator includes an open cylindrical shell 1 made of ferro-
magnetic material. Such ferro-magnetic material can be cold rolled steel, vanadium permendur
or 400-series stainless steel. A first end of this cylindrical shell is open while the second
end 2, is closed. The closed end is made of a nonvferro-magnetic material, such as
Aluminum which has good mechanical properties and yet has low density. The closed end of
the cylindrical shell acts as the base end cover of the linear actuator. An array of
magnetized arc permanent magnets 3 are attached to the inner surface of closed end. The
outer surface of the arc magnets are in direct contact with the inner wall of the outer shell

while the inner surface of these arc magnets are joined to a ferro-magnetic inner core 4.

A longitudinal arrangement is disposed within the centre of the cylindrical shell. The
longitudinal arrangement consists of a ferro-magnetic inner core 4, an axially-magnetized
permanent magnet 6 and a third ferro-magnetic pole piece 7. The first end of the
ferro-magnetic inner core 4 is connected to the inner surface of the closed end 2. At

the second end of this ferro-magnetic inner core 4, an axially magnetized permanent magnet 6
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end 2, is closed. The closed end is made of a non ferro-magnetic material,
such as Aluminum which has good mechanical properties and yet has
low density. The closed end of the cylindrical shell acts as the base end
cover of the linear actuator. An array of 30 magnetized arc permanent

is atfRBENEtE3 arAtiashed tadhednuen surfagerdi-Closed onde T8GWETend of

urface of the .arc m%g;neis are in dire tconltact with th? inn%r wall of the
the Te o-me}}%n tic mlne{ core 18 ?onnect? to the 1nner surface by .a au{n er of
outer strell” while'the inner surface of these arc magnets are f'ome Ooa

screvsyr it agjReticimaiee caffecheda fonyithlindcarpatsg enéireis ispeseasadtiaind.
ThistReseeBttReOfi ghntgydndiicalshalgldie i3ftongiuding arcangamaniator.
consists of a forro-magnetic inner core 4, an axially-magnetized
permanent magnet 6 and a third ferro-triagnetic pole piece 7, The first end
The g farBL iy RSt TRERT ColN Y iSOEDAMLRSHCTD thé ififtradrdcd bithdy
magodtiget rendadeAtntimaacond enchod thesrdermazmidag netle ipnee Coré 4 dasposed

betwddiAlNRAGNEHEEHRIMARE R MAGNEELs Sl afiachRs: TRE of the cylindrical

b 1ferro-magnetic inner core 4 is therefore a solid piece. The first end of the
she 1ferro-magnetic inner core 4 is connected to the inner surface by a number
of screws, the screws 5 being attached from the other outer surface of the

A melasgdofingserhbi SRBUECEIRGSIgEIY-ohiaieHaMaonelic HNLEAR, 9 and
10 il &Rﬁ%&ﬁ‘gty%‘ér- Rriig Sgeand.end of the ferro-magnetic pngk

core Is attached to a first enlal of an axia fy agnetized permanent magnet
arraggemeste Ghdie il g egieHstd preenets Brgssed atwaemalie Brralgore
4 amlagnretided permangitinggiepiecarnd te epennenpdeohilateytadditiaagnet are

magRflElba i ArPROVIRI S ARSI S AHRIOM IBRLLEH B MeIRGH G PRIl

with 2 coil sections, 9 and 10 is disposed within the space formed inside
Sho‘izﬁénc@)ﬁr?drical shell as a result of the arrangements of the radially
magnetized permanent magnet 3, ferro-magnetic inner core 4 and the
As sﬂ!ﬁfﬁlf iBeF[Qanﬁs_ip%ﬂﬁtpthﬁn%tilﬁa@MLW@hﬁﬂ@&m ® fasipdmaane
e 15 magnetized.in directiopns so that the netic circuits.are . .
iree Bt G RGN 8% i B TG GG s s n
opPYsERa iy BIP e hrigAaiednrs| aniarditin gxinke fifct vhIOYsBpPbsitaprdieRde the

coils. The coil windings are typically copper enamel wires although aluminum enamel wires

may also be used.

Fig. 6 shows an arrangement with 5 arc magnets is used. The number of arc magnets used
may not be 5 pieces. It can also be an odd or even number such as 6, 7, 8 or more pieces.
However, it should be appreciated that using too many pieces will consequently increase
the cost of production as more assembly time and more materials would be required. It
should also be noted that all the magnets have the same magnetic polarity. These magnets are
typically using high energy product Neodymium Iron Boron permanent magnets which are very
commonly made in these shapes and widely used in large quantities for brushless rotary servo
motors. However, for brushless servo motors, the magnets are typically used in pairs of
alternate opposing polarity, as shown in Fig 7. In this example shown in Fig. 7, an

arrangement using 8 poles is shown. This is one of the most common brushless motor design.

By using the configuration of an axial magnet and an array of radially arranged arc
magnets, the flux at the closed end of the actuator is guided very efficiently, from the outer
cylindrical shell radially inwards and towards the center through the array of arc magnets.

This results in improved performance compared to designs described in prior art. The radially
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threading the second coil 10. Hence, the two coils 9 and 10 must be
wound in series but in 20 opposite directions so as to produce an additive
axial force when a current is applied to the coils. The coil windings are
typically copper enamel wires although aluminum enamel wires may also

arraREedSRE. fAgn&sS Q@A@&@%ﬂﬂ@@%&ﬁ eéHdMﬂ’thé a%'fﬁam@%e;&dsoyﬁ%qe Té\ﬁwely
smlﬂ a(ralrtlcl)g gl%l%a nets u%egi S l% 1rI1181t 1'101' rtseoS Im %lSOF rthermor:
3 OI‘ even num rsuc %e cir or mo pleces. “YPOW \/%r tSlh 181 ©
the b@lﬁeﬁ?eeiateépmapwwgsm@lmwme@m@u|| @gmﬁé@demlyth@cr@b@edq%@s
des&0Uah RRAMBIONt ATHROMGREGEMN I AR aRFuMOre ma&aﬂelsrwwld &Bts of
manu %gcl.{lred l Srggyelrd %leS(r)e et?o%t% I?ea\;o 1I1In;[Q %tl}]nagmaets € %mlsa of a
magne polarity. These magnets arc typically usn%nehlg% energy product

lighfy a5t mTRRFIAS FUSBIeh %?Pﬁ%ﬁ%ﬁ?ﬁw&@‘ﬁét?vﬁ?ﬂéht%e“%f?@@%ﬁﬁﬂ@n}? a

reduttiadrnnhtheseal hagsesf anchovidely used in large quantities for brushless
rotary servo motors. However, for brushless servo motors, the magnets
are typically used in pairs of alternate opposmg polarity, as shown in Fig

As shole RSB AnfisE &R Wﬁ?’i‘r‘?t%fbeed/ ngh lgﬂgﬁ&e?ﬂeﬁt%ﬂ@r §MBGfesqRs may be
allosted et wEeislis wagnebtify noxt dosarrombgoshiess mitogapesighas3sdyfound

thatuﬁéﬁgiﬁhﬁ cRAffgwaliongtar axRHIBER&L (ﬁrlﬁieaa@taiff&y @Eé@@@lyarrangement
rran arc_ma ne? the flux at the clgs d end % ctuator is tg11ul|de1qw

also al oW or Nnee eran [¥] CO
very e C|enatfy, ?ro eou{}er ﬁlndrlca eII ra&’jl inwar san

COS%W&r&@@H‘él@erﬂérﬂtﬁré’tﬁl@?f m@%tﬂray%ﬁlaﬁclmsgqms!s THhi8 resdunestigince the
volumProvYadapestormauied campased Thelesighs cestkbadhint@rias aslsd Reluced,

conl?ﬁ‘ﬁlﬁﬂé’ 8 ?55@&%‘3%%& rg&g%gg%ttcaogged to the closed end of the

actuator can also be made relatively smaller than the axial magnet
attached described in the prior art shown in Fig 3. Furthermore, the
Forconfigrisatied Use artoveghll sniatiemmeagriettes|urhergompareditotiab ctivegy

NedRsiGNS-Ses6riet unhdne REQF affe This/nyeRbgn-Mereiofr rastlisiBin gaps,
ﬁd ction.in costs or 5 manufacturlng Moreover, the reduction of the

WO | e o Fh &R RETNISE8 and the usage of a light weight material such
as Aluminum end cover to hold the magnets also result in a reduction in

Alidhaienerallsinass Wothsl RStk AssSRAWBel ki %the&ﬁsaﬁﬁ/ma@nets place

¢ eed el fill. up Ehe entire nnulars ace. Gaps ma b lowed
0 tEe con %ur tion of an arra o arc §1 u a m ne athe more ex;ﬁnswe
etween the magnets. By usin Se arc magnets even wit gaps, It

althgagh, thsumastefia ﬂ?éar‘étYslﬁdaé‘i'@ .ﬁéaﬁhegfam &hde in performance of the
actuator. The array arrangement

Diametrically magnetized arc magnets can also be used, as shown in Fig 8 These
diametrically magnetized arc magnets are permanent magnets that are magnetized in a single
direction as opposed to magnets that are magnetized radially. These arc magnets are very
common and produced in large quantities for brushless servo motors. They do not require

sophisticated magnetizing equipment or process and are easily produced at lower costs.

Fig 10 shows a configuration of an axial magnet and a circular array of arc magnets (or a
singular annular radial magnet), with the actuator having a through bore 10 in the center.
This is made possible because of the high efficiency in the flow of flux at the closed end of the
actuator through the radially magnetized permanent magnets or a series of arc magnets. Such a
bore allows the attachment of a shaft from the coil assembly to the other end of the actuator,
thereby allowing another part on the other side of the actuator (the closed end) to be moved.
Another example is for users to route a vacuum tube through this bore for holding parts with a

vacuum suction cup or other holding devices.
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also allows for easy assembly as there is no need for very tight tolerance
control. The costs of production of the linear actuator of this invention is
also reduced since the volume of magnets required is less. The mass of
the actuator is also reduced, 15 contributing to reduced freight and
storage costs. For magnets used for such high performance actuators
AnQ5G beaissls Rl ensre: NSRGNRIAmH iR, Boron magnets, use of the
array arrangement o c magnets gaps would lower the costs of
production. 20 Alternatively, a smgular complete are magnets can be
Theflage prstadis anvientiossdiralacehoidheatconfigidadi oaftan areaieilatdially
mwg‘&%ﬂt?o“%&h%ﬂh% %&%P%M&'é@%h@“%%f%&?ﬁ%%‘v? 2RROVER gﬂé‘? ARIR G Gutar

polarity Is radial, as shown in F 25 Diametricall y magnetized arc
radlﬁha@%%fﬁéﬁﬁl%}fsés%wgaal%glgwaﬁ%vﬁﬁfrzﬁ@@cemég@rmwéﬁ%F}fscrlbed in
priamagnetized arc magnets are permanent magnets that are magnetized in a
single direction as opposed to magnets that are magnetized radiaIIy,
M These are m?\%‘ nets are very corinmon and produ ed in large q ant| es for
OF5Eh1 8% SRR RIS ARy e Bt S (P& Lo ‘i%lfca‘f&‘a‘ﬂ?fﬁg t(‘-E-u et
designtifispanbrdon tropeesatndhirtewdisiyrpdudisndd custowenaoftetugoerig 10
shows a configuration of an axial magnet and a circular array of are
agnets nnular radial m net wit cluator havin
ThefrwrouC 5 %‘r%lel&o %he %:%nt%l? nﬁns?é m‘g = p él§sl ? b }Etaus fmﬁ erhagﬂwh
as Aéfﬁ&i@ﬁwriﬁ WEHODL Hlieeensts é'li?s'@éf’léh%i aoﬂﬂﬂﬁléﬂ%bﬁh&t@?f%h@?ﬁﬂ?é the
actuaciallyrehagaditieg pepmasant magnets or a series of are magnets. Such
a 35 bore allows the attachment of a shaft from the coil assembly to the
other end of the actuator, thereby allowing another part on the other side
of the actuator (the closed end) to be moved. Another example is for
users to route a vacuum tube through this bore for holding parts with a
vacuum suction cup or other holding devices. 7 ADVANTAGEOUS
EFFECTS OF THE INVENTION The flux produced at the closed end of
the actuator is guided from the outer shell radially 5 inwards and towards
the center through the configuration of an axial magnet and an annular
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radial very efficiently. 'Ibis results in improved performance compared to
designs described in prior art. Moreover, the configuration use an overall
smaller magnet volume compared to die other 10 designs described in
the prior art. This results is reduction in costs of manufacturing. The
reduction of the volume of the magnet used and the usage of a light
weight material such as Aluminum end cover to hold the magnets also
CLAJMSIt in a reduction in the overall mass of the actuator, thereby reducing
freight costs. 15 20 25 30 35 8 CLAIMS 1. A improved dual moving

L co%llr}%atrog ugtor ﬁl% |s$nlqin§ %flb'?cgr” %ﬁzﬂ?ﬁll having a closed end,

an‘inner surface exten from the closed (%ng a longitudinal
portion of the cyllndrlcal sheII to an open end, an inner core within a centre
of theyliptiricticatisheliig defiosapndnniulamair gafacd @thathetneenhe eR¥ed

enct SERETIPHDANERIY SiSARe L G ABplRh Y g and gannectable o

an électrical powe , the co assemby inclu a coll ¢arrier

disposed within the annular air gap, a first coil winding formed on the coil

camietinasidoseundttinhavesatdr sif pokariylimaiidal Sieisecoetheal wingwgir gap
there{)%qwgeg on the coil carrier, wound to have a second polarity opposite to

the first polarity, the first coil winding and second coil spaced apart, the

first coil winding and second coil winding in proximity to the

axialbpimagasbizeacybind dzabspéd mithie ticagiiet aegaps addcsnadtttdéd to an

electglﬁlf{{&ké&n%g%oﬁhg Eall YBAgS RISIMI UL INSENILZiDYLIR QRASHE annular
air gaggcﬁlrgtn %011 winding formed on the coil carrier, and wound to have a first polarity, and

a second coil winding formed on the coil carrier, wound to have a second polarity opposite to
the first polarity, the first coil winding and second coil spaced apart, the first coil
winding and second coil winding in proximity to the axially-magnetized cylindrical
permanent magnet means and such that the first and second coil windings are wound in series

but in opposite directions;

characterized inthat said inner core consists of a longitudinal arrangement having an
axially-magnetized permanent magnet, one end of the said longitudinal arrangement
screwed onto the inner surface, said axially-magnetized permanent magnet having a

first direction of magnetization; and

an annular arrangement of radially magnetized permanent arc magnets, said radially
magnetized permanent arc magnets being attached to the inner surface of the closed
end, the radially magnetized cylindrical permanent arc magnet having a second

direction of magnetization.

2. A dual moving coil linear actuator as claimed in Claim 1 wherein the axially
magnetized cylindrical permanent arc magnet and the radially magnetized cylindrical
permanent magnets are magnetized in opposite directions such that the 2 magnetic circuits
produced by the first coil winding and the second coil winding are opposed in the axial

direction, to produce an additive axial force when a current is applied to the coils.

3. A dual moving coil linear actuator as claimed in any of the preceding Claims

wherein the first direction of magnetization and the second direction of magnetization
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characterized in that said inner core consists of a longitudinal
arrangement having an axially-magnetized permanent magnet, one end
of the said longitudinal arrangement screwed onto the inner surface, said
axially-magnetized permanent magnet having a first direction of

causLPHIGHZSHANL A5 Len AOF AV 1B %@u%?%%t Qﬁlﬁ%ﬁ Al ANEIEELom the

permanent arc magnets, said r dlaII ne
e NSRS bR o i AL QTS (A BIBLAE Bl ianetied

cylinddéal lpermaansetiredreggiretivical permanent are magnet having a second
direction of magnetization. 30 2. A dual moving coil linear actuator as

claimed in Cilaim 1 wherein %n aﬁ magnetlzed cyllndrlcal permanent
are MadgHBtahTRBEFRRIY 5@3& Y, SR ESER RTPTha M Fa s dual
movirg rergriiatredéhappasiteldinedtionSlsineH thdethia 2 theagnetiercigoaitgement

condRAsICRR DYrthefiy shaail yvingdingi aad RemaeandcoihwiRging are opposed

in the axial 35 direction, to produce an additive axial force when a current
is applied to the coils. 3. A dual moving coil linear actuator as claimed in
5. anylbkthenpitededingraigémentwdse ndaimihie fir siGihractloncofsinagnetizatioferro-

magdBek R GeCRRd Hir gl QR m@ﬁf&ﬁt%aﬂ%h&i GRuseRibe dlus @t therlosetd
end of th Ilnea actyator, (%o eg éraf ially inwards from the cyI ndrical
H 6@1'%?

end spfefPto b ‘r‘lﬁlﬁﬁ VeltePBf & LHEMIEPEUGARE FAfatfFched to a
firstmenghetized sspindrieélyemrenstridanecrmagme tmasnds, Tersaadnghar of axially

magdEiaRgeanhalradialy madnatized meimansahipagiessifopr.dual
moving coil linear actuator as claimed in Claim | wherein the annular
arrangement consists of one or more radially magnetized permanent arc
6. maghetdeso-Taengigitudinaoarraigdmdntgiwdiaimadingddienm dscohsistihgn

Claft asferifedthin@@rielicinnehaRre e Rl endsobwiichistiachedl athter
inner s rface f the cl se(iig}? C%of the cyllndnﬂ%Lshell said second end of

alloya.- gﬁg T Cofe” R R SRR OF Ao BBl ©of the
actuaterg edizlyd gk emtthengart oseibormhendidst akitihyactnaignétizedmoved.
permanent magnet attached to a third ferro-magnetic pole piece.

7. The ferro-magnetic inner core of the longitudinal arrangement as claimed in
Claim 5 or Claim 6 wherein first end of the ferro magnetic inner core is screwed onto

the inner surface of the closed end of the cylindrical shell by one or more screws.

8. The ferro-magnetic inner core of the longitudinal arrangement as claimed in
Claim 5 or Claim 6 wherein first end of the ferro magnetic inner core is attached to

the inner surface of the closed end of the cylindrical shell by one or more bolts.

9. A dual moving coil linear actuator as claimed in Claim 1 wherein the one or more
radially magnetized cylindrical permanent magnets are diametrically magnetized arc

magnets which are magnetized in a single direction radially.
10. The radially diametrically magnetized cylindrical magnets as claimed in Claim 7
wherein the radially diametrically magnetized cylindrical magnets are high energy

Neodynium Iron Boron magnets arc magnets.

11. A dual moving coil actuator as claimed in Claim 1 wherein the said moving coil

actuator uses a different configuration of an axially magnetized permanent magnet with a

10
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15 6. The ferro-ma6netic inner care of the longitudinal arrangement as
claimed in Claim 5 wherein the ferro-magnetic inner core has a through
bore in the center allowing the attachment of a shaft from the coil
assembly to the other end of the actuator, thereby allowing another part

radia® GOSN ide-0Lihe ARCHALRLIR, Be.NeYSdh2Refic THEIRITRRRIREICing

inner-core of the longitudinal arrangement as claimed in Clajm 5 or Claim

ﬁ%‘?ef}ﬂf‘ iﬁ’ﬂrﬁreﬁ?‘gq YRR EEBR the
inner surface of the closed end of the cylindrical shell by one or more
screws. S. The ferro-magnetic inner core of the longitudinal arrangement
as claimed in 25 Claim 5 or Claim 6 whetein first end of the ferro
magnetic inner core is attached to the inner surface of the closed end of
the cylindrical shell by one or more bolts. 9. A dual moving coil linear
actuator as claimed in Claim | wherein the one or more radially
magnetized cylindrical permanent magnets are diametrically magnetized
arc 30 magnets which are magnetized in a single direction radially. 10.
The radially diametrically magnetized cylindrical magnets as claimed in
Claim 7 wherein the radially diametrically magnetized cylindrical magnets
are high energy Neodynium Iron Boron magnets arc magnets. 35 it. A
dual moving coil actuator as claimed in Claim | wherein the said moving
coil actuator uses a different configuration of an axially magnetized
permanent magnet with a 10 radially magnetized permanent arc magnet
to provide 2 magnetic circuits, thereby allowing the 2 coil sections of a
dual coil actuator to cut the flux more efficiently at the air gaps. 5 to 15
20 25 30 35
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