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

BACKGROUND OF THE INVENTION

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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this will create many problens during assenbly. This is a commopn restrictive
condition when trying to mniaturize the products. Even if there are no
problens in assenbly, the 1 15 January 2004 5 10 15 20 assenbly work could
still be difficult and costly. Mreover, nany technol ogi cals pspgHctopsconsi st
nostly of electronic elenents. In many products, a notor is an

i ndi spensairsemblyenehcouldistill botddificnls ambewttlyo provi de rotati on power, such as
that installed in a notebook conputer to drive a heat dissipating fan for

di spersi ng Qr _as riving,nmotor. in an optjcal. di sk dri.ve., Wth
Mnerensi ng NeieeuR i rEole el SRofiei hedl: SR Redietin e ther e nmde i n
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a smaller size. many cases, .the critic ctor for produc .
i ni at ur i zﬁ’ﬁ%ﬁf‘?@"‘ﬁhé ré%tlof i} 9“&9’6&}?@85&?&9 Fﬁ@egﬁzé%ed?mpﬁés Hﬁﬁ%op. PFEKIept or
is mainly used to convert electricity to hani cal power. = There are a w de
variety of FHRHOgmOWeRRuChas ﬁ‘aEHﬁWhﬁ‘h 9¥ ﬁlgﬁfﬁge gmpYer i v 2 heétc‘ﬁﬁ%ﬂ’%@vgc al
products i%@F e D.C. brushless npotor. Refer to U S. Patent Nos. 5,967, 763
and 6, 114, PB-or ¢isperping heply 0p as a @riyanBatpriim ap ptiylidivk drve. Wit IReress@gi st of
a stator and  a rotor. The stator generally includes electric sheets
(commonl y @émptagzation; efowich tnseductss Heeomejoraigp Bwsl ke mpde inwi ymallsepizes Inhe
stator is constructed by stacking a plurality of electric sheets together
(as shown manFeases,the witgal fagtosfer pueducs miwziuTigajon Fithe ailityite reducethesize ar e
wound by coils to formmagnetic poles.. The rotor is generally constructed
by a pl uref theymetor.pctheametor isragpirdy sisedvio comentr eloctridity e megharicalippevenf t he
el ectric sheets. Wen electric current flows through the coils, the coils
ener gi ze t Mberel aretar imides Wamidty afomotpen erHiee muaiy vemhironfyonssd, mokircin modelmces a
repul si on action agai nst the permanent
10  technological products is the D.C. brushless motor. Refer 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



magnets. As the rotor and stator are constructed in a constant manner, the
rotor wll be driven to produce rotation. Based on the design concept of

m niaturization, the conventional D.C. brushless notors have the foll ow ng
problens: 1. The stator is made of a plurality of electricspaeisobopt are
of a definite volune. Hence the thickness of the notor cannot be reduced. 25
2. The magnet cannpelpareduaed. di recti on bet ween the stator and rotor is radial.
The rotor surrounds the stator on its outer side. Hence, the radial

di mensi on of e tor also 15 January 2004 cannot be reduced. 10 15 20
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structure increases,the nunmher of c nents. The pernmanent gnets are

al so of a def I"GfES %P‘ﬁrﬂﬁ?ro Fempag %elﬂewmpP@ﬁE?%MPégﬁ?&%djqeg ©size of
the notor. Conventional D.C. _mators are npstly constructed based on the

desi gn set for¢Hmg ecome g limytafign fISeduring the sizgof e MYIPbr by reduci ng the
size of the conponents is not possible. For instance, the stator and rotor

use nmagnet i CCheBRoraE PUC Shdrd fe GRRAY BbidtrubRH Bhdcdbn RO Hesigifsct RATEMogET On Of
t he magnetic zones should be very clear to avoid nmagnetic interference,

whi ch m ghtryiBke B8Ee Rt AlniReR! Mot BN 8dducihBehE QAT off BRStsthsonehts i@ fhurality
of permanent nmagnets; and in order to maintain the required |evel of
possible. For instance, the stator and rotor use magnetic force repulsion to generate
rotation, and the segmentation of the magnetic zones should be very clear to avoid
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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magnetic force, the permanent magnets nmust have certain dinensions. If the
di mensions of the notor are reduced, the interval between the pernmanent
magnets must al so be reduced. This m ght cause nmagnetic interference and
al so make the notor nonfunctional. Mreover, based on the ¢ongjdarjphon of
not or operational power, the stator of the conventional notors enploys

el ectric sireatispoasd onghetircuipbbad. ankdodre ell@aidallg adongédiéd: icetheypovidh gupplect ri c
sheets in the circuits are of a resistant material. A portion of the input

el ectric empugyortiof thdeiradnser@.ITNG BdgRARSHIRY atdToRktgd ehreef| 00l ihilEctipReet s,
thus resulting in a decrease of the notor's operational efficiency. SUNNARY

OF THE | NVEHE! The InlagrefiveRineat & Reated a8beathepdagfn cdilRCandr isBpdmfaléRCct of
this invention is to provide a mniaturized D.C. brushless voice-coil
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upset the static balance of the magnetic field in the motor, and the induction coils and

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
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i nduction coils for changing the magnetic characteristics of the induction
coils to control the activation of the notor. Wen an external electric
power supply flows through the induction coils, the induction coils wll
generate magnetic force, the magnetic pins will upset thejstahh 20e4ance of
the magnetic field in the notor, and the induction coils and magnetic

el ement wi interfeeanee thegrbetwesniemtrenatst tlemindatentzed|conditiensiagnet i ¢ el ement
generating rotational kinetic energy to drive the rotary el enent rotating.
The inducti oils of this . in tiqn,serv s the,stator of .t.he notor.
Hence t her e?ﬁes %Orﬁ%mﬂ%’eﬁ ‘F"Bl? a3 |a§‘§1?‘PPf§ WSS gf.’&w’f Ad ﬁévagﬁqggg PgﬁlheoPref?ﬁ?s

el enment, the t or..di nension,can be qreatly.shrunk, The absence of. t he

el ectric slﬁg‘éqqn Wil em8fee@?¢‘¥3&aﬁﬁaf%i%i°nhhﬁ fpﬁ%‘”\?&i thaﬂSg dpggpgpg,n\g%w& so
greatly increase the tor operation power. The magnetic el enent of this

i nvent | on RAFSFES Wi refgrence fq,the gecompenyine drawipgs agnetic el ement is a

per manent nmagnet and includes a plurality of separated nagnetic poles laid
on the gsane plane. The magnetic line of force is in the axial direction. The
i nduction coils are wound in the radial direction. According to Anpere's
right-hand rule, the neti¢c line of faorce of the induction coils is in
the axial directi on.BﬁmmnglgNQEm MW%ove t he i nduction

coils, the magnetic repul sion between the stator and rotor is in the axial

direction. PraerisaHeRple@aiitvdThis idVenfigfi al di mension of the notor can be
shrunk to a smaller size. The magnetic elenment of this invention includes a

plurality of s?é)_arat ed magnetic__pol es di sposed on the same plane with the
magnet i ¢ | i RE3.of isfagicepestiverview akthig in¥emtost i on.  The magnetic poles are
separated precisely and will not produce magnetic field 4 15 January 2004

i nt erferencerd heieRetaRaview T e dfkndifle M ni aturized conditions. The
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foregoing, as we as additional objects, features and advantages of the

present invention will be nore readily apparent fromthe follow ng detailed
descri Bt i onFIG#f s 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
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proceeds with reference to the acconpanying drawi ngs. 5 10 BRI EF DESCRI PTI ON

OF THE DRAWNGS FIG | is an exploded view of this invention. FIG 2 is a
perspective view of this invention. FIG 3 is a sectional viewof this
invention. FIG 4 is a schematic view of the magnetic pol ess ¢fyy ghetic

element. FIG 5 is a schematic view of the main electric circulit of this

i nvent i on. thEmG6ER RIITHe épper tip PRERERRER)JHMBODI MEATthe Rbttet of/ittop Wwallits at
shrinking conventional D.C brushless notors to becone 15 mniaturized

notors. Reébld the oupulbia® (nbt stivrin thbeirdviags)UTUBOIRES dGh&R-10ab ldeRiror 10
according to this invention mainly conprises a casing 11, a circuit board

12, a spi ngleothion %;Weridfdh@hbﬂﬁ‘ 10CPhérs isldPopenshgl i fBrrecidd Mk lsRie Wbl ata guard

ring 16, two nagnetic pins 17a and 17b, a ‘magnetic elenent 18 and a rotary

el ement  19he HBRomRAH R thkhpher dap 199case al |l other 20 conponents of the D.C
brushl ess voice-coil notor 10. "It 1s a circular body wwith a relatively
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forned on the. Sd
require

%?ecy\r%l lcha%%cteﬁstics of the D.C. brushless voice-coil motor 10 of this
10 invention (such as changing current direction, activating magnetic field and the like) are
built in the controller 15, the circuit design and construction of the printed circuit is not
very complicated (referring to FIG. 5 for an example of the main circuitry). Hence the
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



the bottom end of the upper cap 112. 5 The circuit board 12, spindle 13,

i nduction coils 14a and 14b, controller 15, guard ring 16, tw nagnetic
pins 17a and 17b, nagnetic elenent 18 and rotary elenent 19 are |ocated
sequentially fromthe bottomto the top inside the casing {lslyanift¢ 2004 cui t
board 12 is a printed circuit board which has a printed circuit | ocated

t hereon. A theyprinteld difveit afaheiciredit dbadt 12 (Gaschhawadh diliGs t5).cBheotorttivieD] £.

brushl ess voice-coil nmotor 10 of this 10 invention (such as changing current
di r ect i on, inalutiesv@tcuitg wibrhroehiatn drideintbgeatelmokicoflthk elpctéic @harbetedistics Reguired
controller 15, the circuit design and construction of the printed circuit is

not very fopdikingathed.Cr bhhlebgbit®cdil faotdr 0Qkudhasechangihe cofrerit ligrebbdn)
circuitry). Hence the production cost can be reduced. In order to be housed

in the casidigatinly napgetizi figldi dndd@aritke) tzerblsy {PbORMtd thedmbiok 00 @ rosfi@@s Wi th
an electric connection port 121 extended at one 15 side. The electric

connects onddaned. HyPhehfSofP QBT iR Md I BRMCEONBE bRedddid cofoddiof Mg at ed

t hereon for connecting an external electric power supply (not shown in the

draw ngs) ¢iRuRt MVihdSnROERS 4ldCthe P¥Rled RaEHeEr fhekirttELdRE 95 nqaqr beldi Rﬂtiﬁfe tric

connection port 121 maybe extended outside the casing 11 throug

open 19 L AN, 88 ey ASKE e ol WRESEeEBRSA 1d f 60B1FL 1 1

t he external power “supp I sposed at t er of
the circuit.bagrd.d2. The two induction coils 14a and 14b are made of
conductive wres wnding in the radial direction. They are | ocated on the

e, onide WDl RORSHd 8 ARRR g bl 00 6 B 4005, 2
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board 12 arrrllgtir?got rées%}n%ﬂe6131,5a f%)%ptg%%}/e %6040r£111ating the controller 15, and a fifth bore 165
and a sixth bore 166 located between the first and second bore 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



to the printed circuit of the circuit board 12 (as shown in FIG 5). The
controller 15 includes circuits which contain and integrate nost of the

el ectric characteristics required for driving the D.C. brushless voice-coi
motor 10 (such as changing current direction, activating gygﬁﬁggqobheld and
the like) thereby to activate the notor 10 to rotate as 5 desired. By neans

of such a agsi8n(asshibwe® irs FIGICA)i fon serving B tRE tdtonoLthe angionent s Tat atijacent
circuits in the notor 10 and the printed circuit of the circuit board 12 may

be sinpli fieghetic Thiles Wavd difEérantt hﬁgaa&epmlaﬁw@mkpr&wyh@m 961aai£32arme

decrease the assenbly cost of mnraturization. The guard ring 16 is nade of

nmagnet i sm megeteNHiecsf fecd 8 el Mhartie okt MW12382C583F Ond 184 amOirdihdRS@fIt i ng
the magnetic field of the notor 10. It has a first bore 161 and a second

bore 162 ngtdohgn the \ivmﬂgsﬁérae 168t thlﬁlea?ﬂuét‘ﬁﬁr oGl Md dn®qus. Whn! @eat ed at

the center mating the Spindle 13, a four bore 164 mating the controller

second bor SU4grARE 138 anq 320 atitletBif Shnd OB BLIBRC SR "o o1

ness as t

I nducti on ﬁﬁ’é&éﬁ)gléb‘ﬁs g A0 Lfli)owilirﬁgvef }n%lgrlﬁeéfg r}gPlglgniéﬁ qg(njf? p?a%é %Ie%vp en 3¢, 162

have an i nsi i anet'er sane as e ou er o ctron coils

14a and 14p. Jh tgd ri 16, .1 s.dl sposed on the top of the circuit board
12. The S%Frl’?g go gejj%FagenléOt%}%)rngﬁlgﬁetﬁ%ne $Hird bore 163, and the induction coils

14a and 14b..are ., | ocated respeciively in the first and.second bor 61 and
To3. “The ot atelyP8hER 1o R ARG o Spdenteah Mntudi Vb sl iR A9 08 ot | g
the first and secon ore 161 gnd 162 20, with the jinduction coils 1 and
i, the. i Eded SER R by gastic,dimenol® @ Hay ekt st o magietin AR Ag
state., The fifth and sixth bore 165 and 166 are for engaging wth_ the
magnet1& pwf\%ﬂ ﬁ*ﬁdﬂ%tlw .meﬁﬁégﬁ%‘ﬁ'ét the ptdy olemen{ld bey @%ﬂ%ﬂﬁé@%ﬂ &hot
ferromagnetic naterial such as ferrite iron and_are forned in cylindrical

shapes f or ShoMgaid 19§ dipvinesndisposed fhetern. shber otpdrshalt guns; Hwoughsthe gipertynge

magnetic elenment 18 is circular and is a(Pernanent magnet. It is formed in
an 1121 to extend outside the upper cap 112 for delivering the rotafion 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.



annul ar shape and has a plane divided into a plurality of nmagnetic poles
181, 182, 183 7 15 January 2004 and 184 (as shown in FIG 4) for serving as
the rotor of the notor 10. The adjacent nagnetic poles have different
magnetic polarity (N polarity and S polarity). The rragnetjschh{lé}gezgmfor ce
of the magnetic poles 181, 182, 183 and 184 are in the axial direction and
w || gener aFwtheemote] tre minibthee modircdfl this meentbonlhay attdinlkiph rdfagon speedd

i nduction coils 14a and 14b generate magnetic force, the magnetic el enent 18
and the iMdweovérphecaisé Sf he iadbtidd bcoils | dre hawd toragplade tadidpnd] Sstaor, tthki ng

pl ace between them thereby to generate rotational kinetic energy. The
rotary el gieblems $houfred b @sidf efRgHieshca fesiadbiCingy Be BRSiGE. ak alsaRahvek Sodé t r act ed
to the top side of the magnetic elenment 18 and may rotate with the magnetic
el enent 18and1&pim@§lelte€tﬁcma@tteh§hc§| enent 18 rotates. The rotary el enent 19
has an out put shaft (not shown in the draw ngs) di sposed thereon. The out put

shaft runs THaAHES, ik ehARBIdr Wi ehis Ivehtid® tﬁéhﬁ@ﬁet&%ﬁﬁl%n%@ﬁvé&ﬂ@ﬁé stagp 112
for delivering the rotation power of thé mptor 10. Referring to Fl GS 3 and

5, when exf@rLa: iPAWele éHﬂpdﬂ/ecﬁ&‘i‘ eG4 ﬁlff erIthforH Eo@éﬂ@él?%g%é(tﬂlh o g t he

contacts 1211 and 1212, electric power fornms an ectric

electric ooRaeeLhaf EAush 'bQRve%f;gﬂe;srtéé?a%ﬂrﬁsﬁ)r%?ﬁxe(}gﬂﬁlr ldefign 15 The magnetic

el enent 1 magne C pins orm a magne I'C contact to make

the magnet i c‘E I[ﬁﬁer;t%ﬁ'e &Zﬁe %?ﬂ{?rofa%r{?%e[%ﬁ Bﬁ%ﬂm&%? of tyg]s Hvéntf%n%ﬁ er nal

el ectric pome supp NTES ectric e pover supply i nput
ol & 142 H @"@0035% ne'r e h%ogvr?e{rfl%*‘#%rcgsﬁl'aﬁ%khﬁ&ﬁg% WGP 2N 170
the 1 AfliorTeoh Pl P2 43Rt dnAi e S sy @rseEl Gpetss realif 91‘0"3 Adee o
;gf ;![ f:)ﬁ; bﬁ}e\cﬁl%nt}}ehgbr?céthog eb%a&%zg{;gnblt etnqgto;m%ﬂepro%ugése es?r%d 1081‘ gttré(rar ating
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.



ki netic energy. 25 By means of the design set forth above, and through
changing the structure of the stator and rotor, the D.C brushless

voi ce-coil motor of this invention may be made in a miniature size. 8 15
January 2004 Furthernore, the mniature notor of this inve ? qattain
hi gh rotation speed. Mreover, because of the induction coi ar used to
repl ace traditional stator, theWhatlk €laimedusted by using electric sheets
for stator may be avoided It al so saves costs and inproves electric
characteri tléb@ﬁ§ d|t|on in,the notor of this invention, the magnetic
repul si on s %\Y%‘Fe ol N9LeYy EAPISIBE the axial direction. It is
different fromthe con ti.onal ors mglch ave magnetic repul sion

bet ween t he s@d?ﬁ?ugﬁﬁﬂfgﬁﬂpgﬂHUF cirgifs dpcaied dharsanand=ab lsastvn slectigsul t s

indicate that the rotation speed of the notor of this invention can reach
10, 000 - 3PPWBCUPRIMIEIUL SBR¥FES; The total circul ar drsk of the rotor mounted
on the 10 base plate has a dianmeter about 1- 1.5 cm Overall operation
result §s excétleasitwo mdustomedilsevoung fﬂ‘héll!o@}de]@t‘lat@d onthei cincuit beard] on, t he
motor still produces desired or better efficiency. Wile the preferred
enbodi nent of atthagpetineomend having Hplwalietof fmoagnkti¢ polepuwmeogel f a cdiptarieosur e,
nodi fications of the disclosed enbodi ments of the invention as well as other
15 enbodi niashion hed beihg disposedabove thetivistoskailst ed in the art. Accordingly,
the appended clains are intended to cover all enbodi ments which do not
depart from t heleagi twa magabticSgiopbeiaf rhdpnstismconductine afd 1&cadeainbawyen?tie4 \What
is Clained is:
circuit board and the magnetic element, and also being disposed between the induction
10 coils, and becoming magnetized when contact the magnetic element;
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



1. A D C brushless voice-coil notor, conprising: a circuit board having
printed circuits |located thereon and at |east two electric power supply

i nput contacts; 5 at least two induction coils wound radially and | ocated on
the circuit board; a magnetic elenment having a plurality ol5 fegast2004pol es

arranged i$1 aac]ogtglga e ashi on aqd bei ng, di.sposed above the induction
coils; at Peastetib: ﬁﬁﬁ § YoIseTEeL yapioy HEY P s bersHY ther PRRST £API heg @8t ed
between the <circuit board and the na&netic el enent, and al so bei ng di sposed

bet ween t RPerHEREIMeshat the cerden of a tap avabldhensphigndaagrnsningdecalgdeon zede el t he

magnetic elenment; a controller located on the circuit board and connected

el ect ri cal atyhe bptiomrendiibareef.on coils for activating the induction coils to
form magnetic poles; and a guard ring | ocated between the circuit board and
t he magnetT.c @B@rﬁaﬁt brushlsseeiveice-eil imetor of ohim di, Ivhegen ¢he tiecuitbreed ihasnat o
beconme magnetic poles to 15 repulse the magnetic el ement when electric
currentd f|spisdle disposgh at the cemteuidhiereofi coi |l s  thereby enabling the magnetic

el enent to generate rotational kinetic energy. 2. The D.C brushless

voi ce- coi | 8.npffbe IbE. bhahlesslyoivdredikimvtdrhel guiat 4, whagin the adeit Bbardchasaher i al
whi ch is magneti sm non-conductive. 3. The D.C. brushless voice-coil notor of

claim1, westst ohhetignagat kkrgddédvtbeirdhagoudD ta Bif)éxﬁﬁ RErtRe ¥Asing GeCONd
bore for holding the induction coils, a third bore for holding the spindle,

a fourth beearié osnreolicti pot hovengapittiepbeer suppll @dpht dohficRIst@NerRosi Xt h bore
for holding the magnetic pins. 4. The D.C Dbrushl ess voice-coil notor of

claim1 fusthehe T, Bushl6BSVdIE-E@Hen&tbr df JRLENT Ahebth Che | HagRAP GbEEM
non-conductive. 25 5. The D.C. brushl ess voice-coil notor of tTlaimd4,

wher ei 1y t N@iréefsh BPthieBduedSs cil83Rial Pl at € and an upper cap. 10
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.

11



15 January 2004 6. The D.C brushless voice-coil nmotor of claim5, wherein
the upper cap has an aperture fornmed at the center of a top wall thereof
and an opening located on a side wall at the bottomend thereof. 7. The
D.C. brushless voice-coil notor of claim1, wherein the circuit board has a
5 spindle disposed at the center thereof 8 The D.C. brushl ess voice-coi
notor of claim4, wherein the circuit board has an electric connection port
ext ended outwards through the opening of the casing, the electric
connection port having electric power supply input contacts |ocated thereon.
9. The D.C. brushless voice-coil notor of claim1, wherein the magnetic
force 10 direction of the induction coils is axial. 10. The D.C. brushl ess
voi ce-coil motor of claiml1l, wherein the nagnetic force direction of the
magnetic elenment is axial. 11. The D.C. brushl ess voice-coil notor of claim
1, wherein the controller is a mcroprocessor. 15 12. The D.C. brushl ess
voi ce-coil notor of claiml further having a rotary el enent di sposed above
the magnetic elenment for rotating with the nagnetic el enment to out put
rotational power. 11



