15 January 2004 D.C. BRUSHLESS VO CE-CO L MOTOR FI ELD OF THE | NVENTI ON Thi s
invention relates to a D.C. brushless voice-coil notor and particularly a
mniature 5 D.C brushless voice-coil nmotor nade by changi ng the design of
the nmotor stator and rotor. 10 15 20 25 BACKGROUND OF THSJ@%@@QO@N
Technol ogi cal devel opnents_and innovations aimneinly at inproving people's
living standards and Eh&i. BRESHIESS IVO&GEHQ@ILOM@TQH and enj oyabl e.

For instance, Notebook conputers, Personal Digital Assistance (PDA), Mdbile
Phones and the like, are very helpful in data storage and nanagenent, and
in one-on-one |long distance conmuni cation. Wth technol ogi cal devel opnent
and i nnovation, besides comng out with new products and new functi ons,

maki ng the products nore udSfEEDeOF THE ENVENTEONai ling trend. Rapid
i nnovati on and progress in conmunication technology in recent years has
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technol ogi cal products in the 21St century. To neet these size requirements,
the sinpl &8t way is to reduce the size of the electronic conponents used in
t he products. However, this concept is not practical for many products. For
i nstance, individual conponents may be made in a smaller size, but this
will create many problenms during assenbly. This is a commpn restrictive

condition when trying iaturize the products. Even if there are no
ol e n metennly " B CKEROUND OF TRE TNVENTION

Technological developments and innovations aim mainly at improving people’s

10 living standards and making people’s lives more convenient and enjoyable. For
instance, Notebook computers, Personal Digital Assistance (PDA), Mobile Phones and

the like, are very helpful in data storage and management, and in one-on-one long

distance communication.

With technological Hevelopment and innovation, besides coming out with new

15  products and new functions, making the products more userfriendly is also a prevailing
trend. Rapid innovation and progress in communication technology in recent years has
catapulted the entire society to a mobile technology era. New technological products

have focused on high portability and availability, to enable users to use them wherever

they go and whenever they like. Therefore, small size and light weight have become a

20  focus of the design and development of technological products in the 21* century.

To meet these size requirements, the simplest way is to reduce the size of the
clectronic components used in the products. However, this concept is not practical for
many products. For instance, individual components may be made in a smaller size, but
this will create many problems during assembly. This is a common restrictive condition

25  when trying to miniaturize the products. Even if there are no problems in assembly, the
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1 15 January 2004 5 10 15 20 assenbly work could still be difficult and
costly. Moreover, many technol ogi cal products consist nostly of electronic
el enents. In nmany products, a notor is an indispensable el enent. The notor
is used to provide rotation power, such as that installed;smmaRotophook
conputer to drive a heat dissipating fan for dispersing heat, or as a
drivi ng notssembly vemk opulidstill beidsfficolt andcosthit h i ncreasing mini aturization of
such products, the notor also nust be nade in a snaller size. In many

cases, the qgritical factor. for.product mniaturizati.on is the ability to
reduce the gbl/lg}eeog%f e tﬁg}n(?fqgl%@nﬁﬁ'tc r Cqng's °ﬁﬁ¥ of FASFIPBLC DRt i
electricity to meghani cal. power. .. There.arge a W varj ety of tors, The
most commoifYY FEEECindrote lﬁrﬁﬂé?q*SpePEﬂg’%B‘%H&P?aﬂ%ﬁrlB%Eﬂ uped {‘T’Dhﬁroﬂd@.
brushl ess motor. Refer to U S, zgtgnt Nos , 967,763 and qg%14,785, The
D.C. ot or PR{EAogERFuEH a3 Higt Bisialed 4y ¢ noiehonk compiterdp dgive 2 hiepidissipating

rotor. The_statqr generally includes electric sheets (comonly called
si i cord st £y for dispersmp healy oF a5 p <Irivingempior in 3p @ptieal diskedriveaWith increasiagt r uct ed
by stacking.a plurality of electric sheets together (as shown in FIG 1,
U.S. Pat enmlm@?ﬂ@t%nl%m?.wwt%rt@:mmf alghewsisbe medadu aosmallee sizes Iro form
magnetic poles.. The rotor is generally constructed by a plurality of
per manent PaRNeasss, tisheritivak factos derdpredust ministurigitinm is the dhilitylte ceduice theisizst s.
Wien el ectric current flows through the coils, the coils energize the
el ectric shithesmolor. Jgdheematoe israpirdy iused ¢ cenvenhéelettripity tuoeshanicad polwst.on
action against the pernmanent nmagnets. As the rotor and stator are
const r uct edthéra are comsdeamarigipmfemptarhe Thet orostwicdimoaly dsddvetdroinpmoderne
rotation. Based on the design concept of mniaturization, the conventional
D. C. brwshteesmlogital psoduatsds theeD.fCobhshliessgmpioe.bRefes to U.S. Patent Nos. 5,967,763

and 6,114,785. The D.C. motors disclosed in the prior art mainly consist of a stator and

a rotor. The stator generally includes electric sheets (commonly called silicon steel

sheets) and coils. The main body of the stator is constructed by stacking a plurality of

electric sheets together (as shown in FIG. 1, U.S. Patent No. 5,967,763). The electric

15  sheets are wound by coils to form magnetic poles.. The rotor is generally constructed by

a plurality of permanent magnets, which surround the outer side of the electric sheets.

When electric current flows through the coils, the coils energize the electric sheets to

generate magnetic force, which produces a repulsion action against the permanent

magnets. As the rotor and stator are constructed in a constant manner, the rotor will be

20  driven to produce rotation.

Based on the design concept of miniaturization, the conventional D.C. brushless

motors have the following problems:

1. The stator is made of a plurality of electric sheets that are of a definite volume.

Hence the thickness of the motor cannot be reduced.

25 2. The magnetic repulsion direction between the stator and rotor is radial. The rotor

surrounds the stator on its outer side, Hence, the radial dimension of the motor also
2



1. The stator is made of a plurality of electric sheets that are of a
definite volune. Hence the thickness of the notor cannot be reduced. 25 2.
The magnetic repul sion direction between the stator and rotor is radial. The
rotor surrounds the stator on its outer side. Hence, the rpdjaghardboepsi on of
the notor also 2 15 January 2004 cannot be reduced. 5 10 15 20 25 3. The
rotor i s constamotlsdretlyced. pl urality of pernmanent magnets. Such a structure

i ncreases the nunber of conponents. The permanent nagnets are also of a

definite val and becone | imtation for redycin h i ze of the

not or . Convghﬁlﬁr%ﬁ%tf’r b @HS%Bft8$$ya? @EIP'FB]%IP’I ?/tr Bt rﬂcﬂl © agélgh "B Gesi gn
set forth above. Tryin 0 design a m.niature tor reduci_ng, t.he size of
The component teiesehgle Righdaiieabpnches b Rethelhntinely wF ST AgED e e
magnetic force repulsion to enenat% rotati n,,ang t he segnentation of the
magnet i ¢ zone¥ClRg A bsgome pmptation tergedusingithe sizg QL themetat.or f er ence, whi ch

m ght nake the notor nonfunctional. The rotor consists of a plurality of

per mangnt negaeletitioni B.C Nnoteire hidsiRicHishubtell BEsddMUhE 86kigE3e Forf abo@gnet i c
force, the permanent nagnets nust have certain dinmensions. |If the dinmensions

of the ”Dt”gfgql'}?é & HEIHC 80niridibre! MbRITVR) rQREMESMe (R PEIEPARR RGNS Rt TUST

also be r d. This m ght cause ndgnetic interference and al so nmake the

mot or  nonf unehioma} in%fc@,ofﬁ%rstat??fﬁﬁdj rOBr LEE nfif ét[cdﬁ)rr@é h%mes?rgpﬁ g}; 9{eeraet% tric

oper at i ona pOV\B!’ , the stator o e_ convent I _na not or : _
sheets as BRI biy BRY Sfmehfliof! AE rfidlnefil bfidCliot1a bOSef) BRAY I aifigets 11
the circuits are of a réesistant materi . Aportlono th I Npu
magnetic interference, which might make the motor nonfunctional. The rotor consists of
10 a plurality of permanent magnets, and in order to maintain the required level of
magnetic force, the permanent magnets must have certain dimensions. If the dimensions

of the motor are reduced, the interval between the permanent magnets must also be

reduced. This might cause magnetic interference and also make the motor nonfunctional.

Moreover, based on the consideration of motor operational power, the stator of the

15 conventional motors employs electric sheets as magnetic poles. For electrical efficiency,
the electric sheets in the circuits are of a resistant material. A portion of the input
electric energy will be consumed when passing through the electric sheets, thus

resulting in a decrease of the motor’s operational efficiency.

20 SUMMARY OF THE INVENTION

In view of aforesaid disadvantages, the primary object of this invention is to provide a

miniaturized D.C. brushless voice-coil motor.

The D.C. brushless voice-coil motor according to this invention mainly comprises a
circuit board, two or more induction coils, a magnetic element, a rotary element, a

25  controller and two or more magnetic pins. The induction coils are winding radially and
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el ectric energy will be consunmed when passing through the electric sheets,
thus resulting in a decrease of the notor's operational efficiency. SUMVARY
OF THE I NVENTION I n view of aforesaid di sadvantages, the prinmary object of
this invention is to provide a niniaturized D.C. brushl esssyglge %ok

nmotor. The D.C. brushl ess voice-coil nmotor according to this invéntion

mai nly conpeidigised onithe virtuibbaard, andvare Glectnivatly | dodhietied o thei psver supplgneti c

el enent, a rotary elenent, a controller and two or nore magnetic pins. The

i nduction @@ul fordiof tid Bidduigboeadli Bhd yhaghelic3pins 4 2atd® hébwekh tdhanidaidiod004
are disposed on the circuit board and are electrically connected to the

power suppkoils. TRE Whaghelid eRinehh @ Tichiediabol® Melindd@ton"@IRINCisRi P&mAhént! ocat ed
between two induction coils. The magnetic elenment is |ocated above the

i nducti on g@phet vafich had aPplRAGIPOERHp m%@gﬁetwgiom PRS rtark etin@dnlt bithePds tso pl ane

magneti c pol es. The rotary el’'enent” adheres t the magnétic el enment. The

contr ol4 er fheSmhRRAL bRt t’l;lﬂeaédx{u%ﬂbf iORBAEd %ﬁttﬁg%ﬂﬁ%b%o&%etw UgL g coils

for changing the nmagnetic racteristics of t uctron corls to control

the acti vajijfidH cofif for B #1 W&%a@%g@ éltla?rft&@ljlstﬁ% §E e 'nﬁd&ﬁ&? Emst{B Q!)Xtréll ows

t hrough the "1 nduction coi uction coi enerate nagnetl

force, t he%,llgaagg,%t oh &Itgé P)ﬁlgt(glj V\(!]]{ije(?lta%[ e}ztg%a Sélg(t,d‘lg pgwlma Q5 Ohot h%hr @1”

fieldint not 0 I on COI s an nagn Vement have

manet ) BPRORGLLER, §8 SRS eI SRS pR SR ol g R ahl s o

el ect i o oheRt e R ST Binede 1ok & Bedheter: anﬁﬁaéh Sorioibriefion can
10 magnetic element will have magnetic interaction to enable the magnetic element

generating rotational kinetic energy to drive the rotary element rotating.

The induction coils of this invention serve as the stator of the motor. Hence there is
no need for electric sheets. With the omission of this element, the motor dimension can
be greatly shrunk. The absence of the electric sheets in the electric circuit and the void

15 ofresistance also greatly increase the motor operation power.

The magnetic element of this invention serves as the rotor of the motor. The magnetic
element is a permanent magnet and includes a plurality of separated magnetic poles laid
on the same plane. The magnetic line of force is in the axial direction. The induction
coils are wound in the radial direction. According to Ampere’s right-hand rule, the

20  magnetic line of force of the induction coils is in the axial direction. With the magnetic
element locating above the induction coils, the magnetic repulsion between the stator
and rotor 1s in the axial direction. Under such conditions, the radial dimension of the

motor can be shrunk to a smaller size.

The magnetic element of this invention includes a plurality of separated magnetic
25  poles disposed on the same plane with the magnetic line of force in the axial direction.

The magnetic poles are separated precisely and will not produce magnetic field

4



be greatly shrunk. The absence of the electric sheets in the electric
circuit and the void of resistance also greatly increase the notor
operation power. The magnetic elenment of this invention serves as the rotor
of the nmotor. The magnetic elenment is a pernmanent magnet pgm,nhgyglgngas a
plurality of separated magnetic poles laid on the sane plane. The magnetic
| i ne of f cinteference therdbetvescnaiverlimdec theaninidfimezedreduditioon coils are wound in
the radial direction. According to Arpere's right-hand rule, the mgnetic

line of for f _the induction ilg ks indhe axial . directign. Wth the
magnet i c e?g?’rg?{F écfl?)%’aﬁsi Wgﬁ 3%89@91%32 qbﬂﬁfttfetff’%ﬁte%@‘?gfivetnﬁaegeﬁﬁgﬁ?ee[ PEFEpul si on
between the stator...and rotor..is in e axi di rection. .Under, such,

condi ti onsVeon %l by m8fcn]i?ﬁé‘%?§’p(9fe“{t %é’m %ta%}lo‘ff’é’ﬁ ‘i%aﬂé’ﬂ rdﬁ?ﬂ?pPBn’aWE’ﬁEI | er
size. The ma ngti ¢, el enent Oéh this invention includes a plurality of

separ at ed PFﬁg‘Ff' § ivath Tefsrence i e GecORSRYINE ST A%AES -l ane with the magnetic |ine
of force in the axial direction. The nmagnetic poles are separated precisely

and wi |4 not produce magnetic field 4 15 January 2004 interference
t her ebet ween even under the mniaturized conditions. The foregoing, as well

as additional object atures and advantages of the present invention
w il be nore readil yﬁmmgﬂmTﬂgNQFgﬁ%ME@%escri ption, which
proceeds with reference to the acconpanying drawi ngs. 5 10 BRI EF DESCRI PTI ON

OF THE DRAVNGS iskhGxnlbdédviaw ok adediyi ew of this invention. FIG 2 is a
per spective view of tlr)ﬂ s invention. FIG 3 is a sectional view of this

invention. FIG 4 is a schematic view of the nmagnetic poles of the nagnetic
el ement. FF&. Bisjapegspsetiieaey of thivigvertionhe main el ectric circuit of this
i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENT

FIG. 3 is a sectional view of this invention.
10 FIG. 4 1s a schematic view of the magnetic poles of the magnetic element.

FIG. 5 is a schematic view of the main electric circuit of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

This invention aims at shrinking conventional D.C. brushless motors to become

15  miniaturized motors.
Referring to FIGS. 1 and 2, the D.C. brushless voice-coil motor 10 according to this
invention mainly comprises a casing 11, a circuit board 12, a spindle 13, two induction
coils 14a and 14b, a controller 15, a guard ring 16, two magnetic pins 17a and 17b, a
magnetic element 18 and a rotary element 19. The casing 11 is to encase all other
20  components of the D.C. brushless voice-coil motor 10. It is a circular body with a
relatively short height and consists of a base plate 111 and an upper cap 112. As the
motor 10 is to transform electric energy to magnetic energy and to convert to
mechanical power, the casing 11 must be made of magnetism non-conductive material,
such as alminﬁn, nickel or the like to avoid upsetting the magnetic induction field of

5



This invention ains at shrinking conventional D.C. brushless notors to
becone 15 mniaturized notors. Referring to FIGS. | and 2, the D.C

brushl ess voice-coil nmotor 10 according to this invention mainly conprises
a casing 11, a circuit board 12, a spindle 13, two inductingmﬁ%#¢250;4a and
14b, a controller 15, a guard ring 16, two nmagnetic pins 17a and"17b, a

magnet i ¢ ethemestbr 1& Eredugper odpi )2 hheare aperde 1 Thieacthe icagted 3f ihe tbp watlaase al |
ot her 20 conponents of the D.C. brushless voice-coil nmotor 10. It is a

circul ar befiglenht butput Elelfiafnov showis otk di@lialps) b fNS cbdrder?fl9ao aBeerp! at e
Il and an upper cap 112. As the motor 10 1s to transformelectric energy

to magnet i gieem@fi6y pék dfahs MORMNY. TRere ri@&b@;_lwnﬁ?g 11208 Fmed d1fthe djdeRehlll atl Must
be made of nagnetism non-conductive material, ‘such as alum num nickel or

the like t@edyAbd BoeiHel upged Bp 1TRYNELI C induction field of 5 15 January
2004 the notor 10. The upper cap 112 has an aperture 1121 at the center of

the top wal ippt Qircﬁp%!l'@lllﬁ,\r/bgirrﬂ'l’% }g;gtmaﬁﬁaﬁ céi’fbof4asa|358‘(’)l’][3b{ g&rBTg rggs?%m%gof the

rotary elenment 19 to de rotation power reis
an openin ! I : er cap
1128 Thgl%%ugn?%grpgﬂslﬁaeg‘? gz]i”\éﬁi@?&lutcn%%lg?ﬁ‘tgﬁt %02&%&@%%@%%?
controller -1 netic _pPins 17a a b, . eti.c

o oment | 1giokd FHREfAl Bomble it TRARCER IR ARRR TR, THE cHTRERERAC, ¢ o
to the top,4inside the. casing,1l1l. The circuit. board is a,printed. circuit
boar o whi o1 RosPgotsd EiPaGbaRs Mhion TS ol FurSitauad fieidn” AP maih S et 1 e
el ectric characteristics of the D. brushl ess, voi ce-cojl notoy. 1 f this
T0°T nvent | BRVEEL EIPRE SRarnyprihes it e Dis BEFRISH VaRecot AR tbRLLTE 11 el d
and theg like) are uilt in the controller 15, the circuit desi and

const bt  BRewon (uehasi eding Piecin fire Qo et pling Magni Geld s Tiedikel Feng t o
FIG 5 for_an .exanple of the main cjrcuitry). Hence the production cost can
be reduced]?‘nﬂdn Bl?ecfé%ntrf’ﬁefb§=ﬁléfu%‘@6‘1ti designand gepsigictan of the peinfed ficuiannef 12 i s
formed in a circular shape with _an electric connection port 121 extended at
one 15 si d¥ry FREWHFeY freterdem ekl onfos gntexamplepisthe syain cisenisy)y Henprthe

contacts 1211 and 1212 )
production cost can be reduced. In order to be housed in the casing 11, the ¢ircuit board

12 is formed in a circular shape with an electric connection port 121 extended at one
15 side. The electric connection port 121 has power supply input contacts 1211 and 1212

located thereon for connecting an external electric power supply (not shown in the

drawings) to provide electric power needed for the motor 10. The electric connection

port 121 may be extended outside the casing 11 through the opening 1122 formed on the

side wall of the upper case 112 for connecting the external power supply. The spindle 13
20  is disposed at the center of the circuit board 12.

The two induction cotls 14a and 14b are made of conductive wires winding in the
radial direction. They are located on the circuit board 12 and connect to the printed
circuit of the circuit board 12 (shown in FIG. 5) for serving as the stator of the motor 10.
According to Ampere’s right-hand rule, when the electric current direction is radial and

25  the magnetic field direction is axial, the electric current flows through the induction
coils 14a and 14b will generate a magnetic field in the axial direction.

The controller 15 is a microprocessor IC mounted on the circuit board 12 and connects
6



| ocated thereon for connecting an external electric power supply (not shown
in the drawings) to provide electric power needed for the notor 10. The

el ectric connection port 121 maybe extended outside the casing 11 through
the opening 1122 formed on the side wall of the upper casgs fahdark 2004
connecting the external power supply. The spindle 13 20 is disposed at the
center of tohthe printedi dirchisanfdhd 2ircdihdosrdol 2 (edshbivarinddGl $). 18k eondrolldblsr e nade
of conductive wires winding in the radial direction. They are | ocated on

t he ci rcui inclndes drchits ahithaontadcind iateghate mostndfabl elettric dhiractbristiee rajuiredi t
board 12 (shown in FIG 5) for serving as the stator of the notor 10.

Accor di ng fop dAnipgr theD.C. Bhishieanvbitesbsi] moben Ot (echedsestianigifig eurérd MirectiongCt i on
is radial and 25 the magnetic field direction is axial, the electric current

flows thr oatﬁk}aﬁﬁgema et fi€18 andothk Sikk#ahaels, o Betiviatd t}ﬁe;ﬂsfoatm B FRasasi C
field in the axial rection. The controller 15 is a mcroprocessor IC

nmount eds ongdsfied. By ﬁféhﬁs SOREH aldesiaihng RBAGRICHLS the eﬂs@@b&ﬁ& 3601% Stentd &F thbe

printed circuit of the circuit board 12 (as shown in FI G . The controller

15 i ncl udggygk E&ﬁ&bh%tmtﬁ&dctﬁ%ﬁhﬁd%ﬂ@unt8?@1%%& B 19fmd (ﬁe

characteristics required for drfiving the D. bru ess v nDtor 10

(such as cfReg)ifithe fHeed},EerHt?]lg%é& %‘Pétbé’ 7 L@ d@&gé}%&gg agéegtbﬂéﬁ&‘? dhe

| i ke) there y to a |vate t to rotate as Sir y means of
such a desj, @Hg“%Rnstructlon the electronic conponents of the <circuits
in the nDtor il t he prlnted circuit of the circuit board 12 may be

s i
the rraig(flet i Pveﬁeﬂmgf ?ﬁﬁgﬂ%t & g7 temfide U Fiag ftﬂattéorié? 3o 8B ond
the_cent er o b? mppR i el P 147 AETFh Bape %ﬁqhé??%%ﬁ%té%ﬁ%fe?if Cer
AR o 6%%@@% Oy B B S5 A A B
| nduction CO a 81xtjh4bore Tgé f' categ%et\a-rrehe(ralt tI: %i?stt agé] gec%g((i: %01% 161 and 162. The guard

ring 16 has same thickness as the induction coils 14a and 14b do. The first and second
15  bore 161 and 162 have an inside diameter same as the outside diameter of the induction
coils 14a and 14b. The guard ring 16 is disposed on the top of the circuit board 12. The
spindle 13 runs through the third bore 163, and the induction coils 14a and 14b are
located respectively in the first and second bore 161 and 162. The controller 15 is
located in the fourth bore 164. Through coupling the first and second bore 161 and 162
20 with the induction coils 14a and 14b, the induction coils 14a and 14b may be maintained
at the winding state. The fifth and sixth bore 165 and 166 are for engaging with the
magnetic pins 17a and 17b.
The magnetic pins 17a and 17b are made of ferromagnetic material such as ferrite iron
and are formed in cylindrical shapes for engaging with the fifth and sixth bore 165 and
25  166.
The magnetic element 18 is circular and is a permanent magnet. It is formed in an

annular shape and has a plane divided into a plurality of magnetic poles 181, 182, 183
7



15 bore 161 and 162 have an inside diameter sane as the outside dianeter of
the induction coils 14a and 14b. The guard ring 16 is di sposed on the top
of the circuit board 12. The spindle 13 runs through the third bore 163,
and the induction coils 14a and 14b are |ocated respectivginmhﬂggﬁ@4first
and second bore 161 and 162. The controller 15 is located int fourth
bore 164. amdr849fas cshewph i PIG.H fot savingns the enodofibeendtord 1@Nd Thé2djdGenti t h t he
induction coils 14a and 14b, the induction coils 1l4a and 14b may be

mai Nt ai nedmagtetit hgolvd heve difFéraite magh@icf bblahtya (M oty bRt & pbhrind ThE6 are
for engaging with the nmagnetic pins 17a and 17b. The magnetic pins 17a and
17b are megeoitic ik FROALH theMh@ietia!pofddCIB1a3 80183 bl 18P Rre ANheddxalf Or med
in cylindrical shapes for engaging wth the f!fth and sixth bore 165 and 25
166. The ngghgbi %&I@ﬂpg&ne}ée'@a&iloh%ﬁ e AAtclich SolRIIPIRN 1 4BRARH, qk! 1

formed in an annul ar shape and has a plane divided into a plurality of

][fagnet 1€ PRh&SiochShils 182 ’an&qab7eljréatéqﬂ&@r8ﬁc %%@é tgé%gﬁ%{’e {EReBMhd e G 4)
or serving as the rofor_of t e notor ) e’a 1ac_n nagnetic poles Paxg
diff ] . I, )4k c li

of 1 or oo ORAR IR AW HEAE IR BpRSoRilig piatl SR

direction an i ener at.e reaction on the induction coils 14a and 14b.
When t he 5%F%%£%%%%%“%§Fﬁ§uflg%EﬁH3?fH5@enerate magneti c force, the nagnetic

I t 18 apd th i ndyct ils 14a.and 14b will h ti | si
aki ng. pl aca bE RS Ernfisf PatuRE apd st s =g RatTciedriar gy,
Th t I nt i f ti duct] teri.al d.i
2t ot o’ B6 57 REC o3 dhe FERUR GHESTerEd BRI SomaSifey GGt dbn ¢ b
the magneti¢c elenment 18 10 m@gn t he ghetic el enent, 18 rotateg. The rotary
el ementV 19%hels hgmagnepa eleanent 48 raBiess APt qlenaen lgvhas 5 oup 5Bk dnqther eon.

The output shaft runs through the aperture 1121 to extend outside the upper
cap 112 fothoyd ineidsgvings) dispesed dherprineheutpeshalirups threugh the aperture

1121 to extend outside the upper cap 112 for delivering the rotation power of the motor

10.
Referring to FIGS. 3 and 5, when external power supply connects to the power supply
15  input contacts 121 1: and 1212, electric power forms an electric loop through the electric
connecting induction coils 14a, 14b and controller 15. The magnetic element 18 and
magnetic pins 17a and 17b form a magnetic contact to make the magnetic pins 17a and
17b become temporary magnets. When the external electric power supply supplies
electricity through the power supply input contacts 1211 and 1212, electric current
20  flows through the induction coils 14a and 14b to generate magnetic force. The magnetic
pins 17a and 17b upset the static balance of the magnetic field under the normal
condition, the induction coils 14a,14b and the magnetic element 18 will generate
repulsion between them thereby to enable the magnetic element 18 generating rotational
kinetic energy.
25 By means of the design set forth above, and through changing the structure of the
stator and rotor, the D.C. brushless voice-coil motor of this invention may be made in a

miniature size.



Referring to FIGS. 3 and 5, when external power supply connects to the power
supply 15 input contacts 1211 and 1212, electric power forns an electric

| oop through the electric connecting induction coils 14a, 14b and controller
15. The nagnetic el ement 18 and magnetic pins 17a and 17b s ghmrp208gnetic
contact to nmake the magnetic pins 17a and 17b beconme tenporary nagnets.
Wien t he exFwtlrahor! det mirdatprseiotaugdpdhis Swpgtidnemay attaiat kigk irbttibh spaedh t he
power supply input contacts 1211 and 1212, electric current 20 fl ows through
t he i nductMoreoea] Ibecdlda ofrttle Idduction gile raé axsedh gn eeplace aadidonal hatomghet i C
pins 17a and 17b upset the static balance of the magnetic field under the
normal  copebltms incuide by neiug teleRicCshietts fdritatdriap belatdi@ed Tty BRY kavegbegrent 18
will generate repulsion between themthereby to enable the magnetic el enent

18 generaumﬂgn@ﬂﬁega@aﬁhch&hagﬁ&ﬁxenergy. 25 By neans of the design set
forth above, and through changing the structure of the stator and rotor,

the D. G brughid@Esn iR HEEMERI lof MBS YveRfion, thé mlaBY &R lePRsiDR YelfeelBEsthidr @
mniature size. 8 15 January 2004 Furthernore, the mniature notor of this

i nventi on fRYrofrtidial tel hal’ AtRtib® Nt 30 fiferedYOGR R co&%ﬁﬁ%i%g r@%&upggg?duct ion

coils are used to replace traditional stator, the pro by

using el eclfa% ﬁlﬂ%ﬁ&ﬁ‘}é?lﬁlﬁ'bnﬁkﬂe%ﬁt atPﬁarfaa\ég-{oqglgthelritic}]iglicﬁ&cﬁ /es costs  and

i nproves electric characteristics. I'tion, e notor of this
i al o r ectraepii el TRlat A BEERE boRa BBl Ghar FREV L MareRe® ave
Expor | montSret a0 <3007 o 8F s Phe R0 BB o sk R b kBBt i
of 't nd & ot 5% R FEe B e babe Bhoveal P tonAople Rlehs AT s oy
m i at ur | RIS PRGONBoP! SEMARIR Gt e HRGF ol Brodfet Groreh i bitshcy.
efficiency.
While the preferred embodiment of this invention has been set forth for purpose of
disclosure, modifications of the disclosed embodiments of the invention as well as other
15  embodiment thereof may occur to those skilled in the art. Accordingly, the appended

claims are intended to cover all embodiments which do not depart from the spirit and

scope of this invention.



Wil e the preferred enbodi nent of this invention has been set forth for
purpose of disclosure, nodifications of the disclosed enbodi nents of the
invention as well as other 15 enbodi nent thereof may occur to those skilled
in the art. Accordingly, the appended clains are intended {9 ﬁﬁ%?yzggw

enbodi nents which do not depart fromthe spirit and scope og thi's
invention. 9 15 January 2004 Wia¥Vhat iSiaimediis: 1. A D.C. brushl ess

voi ce-coil nmotor, conprising: a circuit board having printed circuits

| ocated there at . | east t el ectric..power supply input contacts; 5 at
| east two 'nd%:n]?iacg??nbgii'hsy%ﬁ'ﬁg?wa‘?ra??@p ‘l ocated on the circuit board; a

magneti c el enent. havi ng plurality of magnetjc poles arranged in a co-plane
f ashi on and béi %“Hi%fflsga‘“%dv@t? @r%‘gﬂew thegequsand; pt Jeaststwa glsCiggnet i ¢
pi ns bei ng magneti sm conductive and | ocated between the circuit board and

t he magnet PRVEISEPRINANPULRENtAGE0 bei ng di sposed between the induction 10
coils, and becom ng magnetized when contact the nagnetic el enent; a

controld er | oébleayd twp indystien eailsi woundaadialinandlopted o theatinsuit bpardl |y to t he

i nduction <coils for activating the induction coils to form nagnetic pol es;
and a guard r arrgagnstiatckundséthavimg a hwrdity ofimagnetie gokes duahgedngmetiptanel enment ;
wherein the induction coils generate magnetismto becone nagnetic poles to
15 repul sefashien andjbeing dispbsedabovarthe indsicted caits; current fl ows t hrough the

i nduction coils thereby enabling the nagnetic elenent to generate
rotational ki metdast mwemggnetiz. pifihbeibg Gragnetish lcosductiot aad dodakednipdteeernfhec! ai m
1, wherein the guard ring is nade of a material which is nagnetism

non- conductirontt. badrd Fiethe. magnstic sleheeag avoialze-tedid disgdsed berfvesh sgninductisher ei n
the guard ring further has 20 a first bore and a second bore for hol ding

the i ntuct taiRR, &0 Bedoming Mhgbtibed @héosoniah tichfagnbec elemiend! €, a fourth bore
for holding the controller, and a fifth bore and a sixth bore for
a controller located on the circuit board and connected electrically to the induction
coils for activating the induction coils to form magnetic poles; and
a guard ring located between the circuit board and the magnetic element;
wherein the induction coils generate magnetism to become magnetic poles to
15 .repulse the magnetic element when electric current flows through the induction coils -
thereby enabling the magnetic element to generate rotational kinetic energy.
2. The D.C. brushless voice-coil motor of claim 1, wherein the guard ring is made of
a material which is magnetism non-conductive.
3. The D.C. brushless voice-coil motor of claim 1, wherein the guard ring further has
20  a first bore and a second bore for holding the induction coils, a third bore for holding the
spindle, a fourth bore for holding the controller, and a fifth bore and a sixth bore for
holding the magnetic pins.
4. The D.C. brushless voice-coil motor of claim 1 further having a casing made of a
material which is magnetism non-conductive.
25 5. The D.C. brushless voice-coil motor of claim 4, wherein the casing includes a base

plate and an upper cap.

10



hol di ng the magnetic pins. 4. The D.C. brushl ess voice-coil nmotor of claiml
further having a casing made of a material which is nagnetism

non- conductive. 25 5. The D.C. brushl ess voice-coil notor of claim4,
wherein the casing includes a base plate and an upper capl5 Ifhuify 20@4uary
2004 6. The C Er%sh Ss vpice:coil nmotor, of claimb, wherein _the upper
cap has an® a&@?@: e DFushigsy) vaicercpl mator of Jaim, 5¢ grhesgn they wenes orp dag ann
opening located on a side wall _at the bottomend thereof. 7. The D.C.

brushl ess RSTEE-fopned aghe penier afjadppvpll thprspleand anrepepingdogatedouns sidnaslla 5
spi ndl e di sposed at the center thereof 8 The D.C. brushl ess voice-coi

not or of catdheboftoryprd thefeof.he circuit board has an electric connection port
ext ended outwards through the opening of the casing, the electric
connect i on/.pofthe B¢ hrpsblest voice-cpibweotos ap playm i In pdtercinnhencireuit bezad dds aher eon
9. The D.C. brushless voice-coil nmotor of claim1, wherein the magnetic
force 510 spindde disprsedfat theeentexihetebfin coils is axial. 10. The D.C. brushl ess
voi ce-coil motor of claiml1l, wherein the nagnetic force direction of the
magneti c e8.enfhe [).€. buishlless vdice-ddib nidtdz. ofbelniah i cwleredi the-cironk bomiddias@h cl ai m
1, wherein the controller is a mcroprocessor. 15 12. The D.C. brushl ess

Voi ce- coi | elemtiorconfiedtibai porfl ekwenddie butvairdn thraugiotiay ¥paligyefttheicagiasetheabove
the magnetic elenment for rotating with the nagnetic el enment to ouf put
rot at i onal elp@me tonnkdtion port having electric power supply input contacts located thereon.
9. The D.C. brushless voice-coil motor of claim 1, wherein the magnetic force
10 direction of the induction coils is axial.
10. The D.C. brushless voice-coil motor of claim 1, wherein the magnetic force
direction of the magnetic element is axial. '
11. The D.C. brushless voice-coil motor of claim 1, wherein the controller is a
IMicroprocessor.
15 12. The D.C. brushless voice-coil motor of claim 1 further having a rotary element

disposed above the magnetic element for rotating with the magnetic element to output

rotational power.
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