Brushless DC Motor FIELD OF THE TECHNOLOGY [0001] The present invention relates to electric
control technology, and particularly to a brushless DC motor. BACKGROUND [0002] A brushless DC
motor is a major type of motor, and the basic structure thereof comprises a stator having paired stator
teeth, a rotor having paired magnetic poles and a rotating shaft fixed in the center of the rotor, wherein
each of the stator teeth is wound with a wingigsheswayngerigeiple of the brushless DC motor is that,
a driving current commutated according to a set period is applied to the winding to produce a changing
magnetic field between the stator teeth and rotor magnetic poles, such that an electromagnetic torque is
produced on the rotor to drive the rotor telEh2t©HBEB[IEX-bioskiess DC motors can be classified into

permanent- t type or excitation type acegqrding to the mode of generating magnetism on the rotor
magnetic pol0ol Hin e B LISUIEL T dte ALt fopiaaiomo i deo iR B
motor accordingstogskd3@ mataper of the winding, winding mode and the commutating period of the driving
current, and the basic working principles thereof are similar. [0004] However, in existing brushless DC

motors, generally there is a defect ,that is, in the half commutating period of the brushless DC motor, both

the electromagnetic torques are zero when the ph@sSRWINDetween the magnetomotive force of the

stator and th flux is O degree.and 180.degrees. Tlperefore these t ositions are called "dead
S e whel e e e O A R A e IR R ey
small, thus thmutce ssadiffataittavitgrpaBei/bant Ye00E] Bivengnesicsd imagntbo pomsdes a botatitgss DC

U B S PR S5 IR, A B e Rl T
The working principle of the brushless DC motothiat, a driving current commutated according
to a set period is applied to the winding to pradachanging magnetic field between the stator
teeth and rotor magnetic poles, such that an eleeignetic torque is produced on the rotor to
drive the rotor to rotate.

[0003] The brushless DC motors can be classified into paemt-magnet type or excitation
type according to the mode of generating magnesisrine rotor magnetic poles; and can also be
classified into single-phase, two-phase or foursghbrushless DC motor according to phase
number of the winding, winding mode and the comutingaperiod of the driving current, and
the basic working principles thereof are similar.

[0004] However, in existing brushless DC motors, generidigre is a defect ,that is, in the half
commutating period of the brushless DC motor, libthelectromagnetic torques are zero when
the phase angle between the magnetomotive fortleeddtator and the rotor flux is O degree and
180 degrees. Therefore, these two positions atedcadead points”, when the rotor is near the

“dead point”, the starting torque of the motor mgton the rotor is very small, thus the motor is

difficult to start.

SUMMARY
[0005] The present invention provides a brushless DC mationing to improve the starting
performance of the motor near the starting “deaddtho
[0006] The present invention provides a brushless DC motamprising a stator having paired
stator teeth, a rotor having paired magnetic pales a rotating shaft fixed in the center of the

rotor, wherein each of the stator teeth is wountth wiwinding, wherein, in each cross section of
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stator teeth, a rotor having paired magnetic poles and a rotating shatft fixed in the center of the rotor,
wherein each of the stator teeth is wound with a winding, wherein, in each cross section of the stator, the
connecting line between the intersection point of a tooth top arc of the stator tooth and the tooth axis of
the stator tooth and the center of the tooth top arc forms an eccentric angle 0 with the tooth axis of the
stator tooth, Wieidtemm dbane@toegiire bewysomadles ititaies® P aegoéasofnAd) larthef dxosatorusioless DC
motor, preferab |n eact cross‘f eCt'ﬁza of th roto the gmtﬁrc oftﬁa%ch magnetlc gole IS agqal [fylﬂ9 mmetrlc

relative to théaa ft?ﬁe rﬁa'anoetlc po tﬁ‘e S a oI arranged 8PHE imerdde s The Fetor the rim

arc of each magnemmleaslsmﬁdwetamdtdmhraMthMEm@n@j}erethad thealletatiag edies @fethe

rotor, or, wh ta ris arra tth ter |de of the rotor the rim a of e netic pole is
convex, and ﬁégradlu;t%ﬁearkeo Ss slrjﬁsg?l%rsthan the %6t far'\fﬁrraabciu K836t or %P%Ien t??gra%%%é'm

brushless DGumofaraghnefergimyicipaadch aiady semmmtrumtbmmtbe dkis oftliermaddghetitnpale; wheacthe

magnetic pole | contlnuousl edins quepce, mlngaa rottor chrcle surroundln%the quter S|d§ of
aor Iscqrrang c}gsg AN R% Im o mag]nen%lp ﬁ-. concave, a
the rotating cen ar 6r1 the above ee DA ms or, preterably, the rim sur 4ce of

each magneticepaigius mamcﬂybrgiaatdrshdaabecm’natlngmtibmeaotorlmrav@anmmﬂatenieraapaegﬁdlee rim

cylindrical SU{faCG 9f 8??19@%'% Ip%e 5 rRaralle% Wlt each otherS[O(c))lO In th% ehbove bru h(leeés,s DC
motor, prefergbly, i eaCh Cross section of the Stator, or pom both Sides of eac dtats ooth are

axially symmetnidlee diivethe tiotatoot nealiis, dntjearmansmonal arc is formed between the rim lines at both

sides of the tqoth an t t arc [0 In_th Iess otpr, pr bly, in
each stator ti@l@é ﬁﬁ tt\a% gtl(?r\?gl(%ﬁ%lgﬁeeggrt%%[ cgjrf:loltth %? 9at6 the Center ot %) E[Hoc?tﬁt ogp?élgfé i?s gg{ irst
transitional acentileftthe tiansitiarfatanic mdgneit polths mdmsfﬁhveraegeelrlofsewm fopang is eokEcond

transitional that of th d transitional arc.
100121 In e S S e S e R T ransiionai arc s 0.1 - 2.0,
and the radid@%hénstneoabloverixitktines afeGsniolor, efarafdn 18 Ritkke bbb eadirushdpst O® I dior,

preferably, t*}ﬁ]qegyﬁﬂ&fﬁ%aﬁ%ﬁé@‘eeééihsﬁ{a 80 B BRCAHRALRRE LS FBALS IR LOR-RTR8f each

stator tooth is equa
surface of each magnetic pole is parallel with eztbler

[0010] In the above brushless DC motor, preferably, inheamss section of the stator,
endpoints at both sides of each rotator tooth siadlya symmetric relative to the tooth axis, and
a transitional arc is formed between the rim line®oth sides of the stator tooth and the tooth
top arc.

[0011] In the above brushless DC motor, preferably, inhestator tooth, the transitional arc
departing from the side of the center of the towih arc is a first transitional arc while the
transitional arc adjacent to the side of the ceoteahe tooth top arc is a second transitional arc,
and the radius of the first transitional arc isagee than that of the second transitional arc.

[0012] In the above brushless DC motor, preferably, tlgusaof the first transitional arc is 0.1
~ 1.0mm, and the radius of the second transitiarals 0.1 ~ 0.6mm.

[0013] In the above brushless DC motor, preferably, treeeiric angle of each stator tooth is
equal; and/or the radius of the tooth top arc chestator tooth is equal.

[0014] In the above brushless DC motor, preferably, inheaross section of the stator, the
center of the tooth top arc of each stator tootbtoistinuously arranged in sequence, forming a
stator circle surrounding the outer side of thatiog center of the rotor.

[0015] In the above brushless DC motor, preferably, ttehtdop arc surface of each stator

tooth is a tooth top cylindrical surface constitll®y each tooth top arc, and the center axis of the
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[0014] In the above brushless DC motor, preferably, in each cross section of the stator, the center of the
tooth top arc of each stator tooth is continuously arranged in sequence, forming a stator circle
surrounding the outer side of the rotating center of the rotor. [0015] In the above brushless DC motor,
preferably, the tooth top arc surface of each stator tooth is a tooth top cylindrical surface constituted by
each tooth topaettciane/tinerietaurtade of daehtetiiotogsdydirsdiitalittustatectheach stator tooth is parallel

with each Oﬂt . Lgl?fG In the abpve brus s DC mot ferabl radius of the rotor circle is
areater than FOLH A0 G L BErer e T Aol SISk BRI 6D EHelaing B ehess
DC motor is &éhaingflérplstateperaemnent magnet brushless DC motor, and the numbers of the stator teeth
and the rotor tic poles are both eve ‘[8001 nghe boye brushless Bn motor can further comprise:
100191 2 rorol LN LR RP R R GEaP G L AT p ot Ty dod SLIPGe R
correspondingepiasemiositignesidgmasiaedse Datom¢aH2 Gjral cihietrodetfetenstied wetttihantttreposition
sensor and configured tqe%energtt% a driving current signal following the rule of sinusoidal wave to the

e mcfi eﬁl]c poles.arée %h even. = . :
winding, based onthe'recéived phase position signal of the rotor, and achieve a phase change.

[0018] The above brushless DC motor can further comprise:

[0019] a rotor position sensor, configured to detect tin@ent position of the rotor and output
the corresponding phase position signal of theryoto

[0020] a controller, connected with the rotor position ssenand configured to generate a
driving current signal following the rule of sinudal wave to the winding, based on the received
phase position signal of the rotor, and achievhase change.

[0021] In the brushless DC motor provided by the presevention, the tooth top circle of the
stator tooth is designed to be an arc, and is &icerlative to the rotating center of the rotor,

such that the brushless DC motor can eliminatestduing “dead point” and start successfully.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG.1 is a schematic structural diagram of adoptingraded air-gap structure in the
prior art;
[0023] FIG.2 is a schematic structural diagram of adopangtepped air-gap structure in the
prior art;
[0024] FIG.3 is a schematic structural diagram of adopsgmmetric teeth structure in the
prior art;
[0025] FIG.4 is a schematic structural diagram of adopéingadditional groove structure in the
prior art;
[0026] FIG.5 is a schematic cross-sectional diagram ofstia¢ors in a brushless DC motor
according to an embodiment of the present invention
[0027] FIG.6 is an enlarged view of position A in FIG.5;
[0028] FIG.7 is a schematic cross-sectional diagram ofdination of the stators and the rotors
in a brushless DC motor according to an embodiroktite present invention;
[0029] FIG.8 is a schematic cross-sectional diagram ofsth&rs in an outer rotor brushless

DC motor according to an embodiment of the presesntion;
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[0021] In the brushless DC motor provided by the present invention, the tooth top circle of the stator tooth
is designed to be an arc, and is eccentric relative to the rotating center of the rotor, such that the
brushless DC motor can eliminate the starting "dead point" and start successfully. BRIEF DESCRIPTION
OF THE DRAWINGS [0022] FIGA is a schematic structural diagram of adopting a graded air-gap
structure in ti@op0p~=@E;J@A3dhEmatis acesheautitostiatusatl didipatiorobatheptingrs stephedatcgap
structure in the prior art: [0024] EI(.3 is a schematic structural diagram of adopting asymmetric teeth
Structure in LAY B O PIES B RO Gtc A HAg ot SO SR el groove
structure in the prior art; [0026] FIG.5 is a schematic cross-sectional diagram of the stators in a brushless

DC motor according to an embodiment of rliﬁblgg%{rﬁlwrl 27] FIG.6 is an enlarged view of
position A in FIG.5; [0028] FIG.7 is a schematic cross-séctional diagram of coordination of the stators and

the rotors in §0bA13hiesbddtnerdtbr according to an embodiment of the present invention; [0029] FIG.8 is a

schematic Cr@ﬁ?j?i&ﬂ?% diagram ol 08 SIS IO AN ARG SHROICSP RS MRIR AR K g an

embodiment presen mvenﬁon,
in a brushless DC motor according to an embodinenthe present invention; in this
embodiment, the brushless DC motor comprises ardtaving paired stator teeth, a rotor having
paired magnetic poles and a rotating shaft fixethencenter of the rotor, wherein each of the
stator teeth is wound with a winding, and the shafpibe stator teeth is optimized and improved.
In order to make technical solutions of the embaita of the present invention clearer, the
basic structure of the brushless DC motor is firdéscribed.
[0033] The present invention is not only suitable for mmeir rotor motor with rotors arranged at
the inner side of stators, but also suitable foroater rotor motor with rotors arranged at the
outer side of stators, and this embodiment is desdrtaking the inner rotor motor for example.
As shown in FIG. 7, a rotor 7 is arranged at tmeirside of a stator 5, a rotating shaft is fixed i
the center of the rotor 7, for example, the rotashaft can penetrate through the center hole of
the rotor 7, and the electromagnetic torque isututmrough the rotation of the rotor 7. When the
rotor 7 rotates, the edge of the rotor at the oubtst end inevitably forms a circle, the radius of
the circle formed by the rotation of the rotorepresented as the rotating radius of the rotor, and
the center of the circle is represented as theimgtaenter of the rotor.
[0034] As shown in FIG. 7, the stator 5 comprises a statiber circle and stator teeth 51, each
of the stator teeth 51 consists of a tooth rootamaoth top. The tooth root, which is of axially
symmetric plate-like, extends from the stator octarle towards the rotating center of the rotor,
and two sides of the tooth top respectively extieach two sides of the tooth root to form a slot
of a cogging 52; viewed from any cross sectiorhefgtator 5, the axis of symmetry of the tooth
root is collinear with the rotating radius of thatar, which is represented as the tooth axis of the
stator tooth (the tooth axis is also the connediimgbetween the center of the tooth root and the
rotating center of the rotor).
[0035] The inner rotor brushless DC motor provided by thiebodiment is as shown in
FIGs.5-7, comprising a stator 5 having paired steeth 51, a rotor 7 having paired magnetic

poles 71 and a rotating shaft fixed in the centehe rotor 7, wherein each of the stator teeth 51
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[0030] FIG.9 is a schematic cross-sectional diagram of coordination of the rotors and the stators in an
outer rotor brushless DC motor according to an embodiment of the present invention. DETAIl FD
DESCRIPTION [0031] Embodiment 1 [0032] FIG.7 is a schematic cross-sectional diagram of coordination
of the stators and the rotors in a brushless DC motor according to an embodiment of the present
invention; in thiz@mbadtmaniibimdushsssiD]; adtdrecsidps sesmagsidtartha\ongepaidecbstatordeeth, a

rotor having palredhm net|c oIesfa{He a ptagn %shaft fixed |n the cent er ofttrrlseer: |té)r vglhnerefln eac of the
stator teeth is WOUNd With wrndr g, an He's ape e ato‘? YEERA IS oprtﬁwlze |mprove8 n order

to make techipareduliafshef $teecenuotidBientd tieheofy@Seott iy stationtotearet, ahé tlbesmembuétlﬁe)bf the
brushless D ('t)torﬂrlstflrstl dtt% bed Q033 err]tan e@eﬁl WlnY]entronqls not %ﬂgfstwta Iaet gor a rgtgir rotor
motor with ro ors arrang e iNNEr site Of StATOFS also sui a S1OF an SULEr rotor motor with rotors
arranged at thvdioiiemsale tbrbst@tdegraetarlidrsremlamdmeeméstescnbed taking the inner rotor motor for
example. As @pg]%jt r'tllGlzngya éﬁtg\g? |s ang epsaétl t(glre r]qer'Sscgv o[ §1 ot\9vra ﬁd a %t%tln]geshaft |§ fixed
in the center rotor 7, for example, e ro afl Ing's af Can penetrate throug e center Hole b

rotor 7, and theelexdr@emadixetic aar duee IBrmutplﬂetmbmlgh thé@patatichefsttorotestldi. YYhare theitatoiy7

rotates, the eéilg[e of thda cr)gteﬁ at the out a forms qérlclﬁ the ﬁadlus of the c?hcle foofmed

ev
e inner
by the rotation o? kt)ne rotor is repre%erst ed as he ro?a%ng ra us o‘??he rotor an %e center o e C|rcle is

represented asedtie-to@trgresptadentee posdiof008H] the shagvmdies-[G. dnthtizestator 3; cwhmasestlaestator

outer circle a %gfﬁ%{ é%?eﬁ PLoRaRE Potgfe]s%ﬁ teeg% @%ﬁ]ﬁ' ts DO 085 Rgt nﬁ]@p rTatrng

tooth root, whiclis of Bxia sy mmetric pate €, Xt & Stator outer crrceto
center of the eotwgjzngl tWhesmm béttveeoottvaopd]espetmeﬂgteb&end fronoongides dfahﬁatmtrﬁrm)t to

tooth oot i COTAERF ST B et s P s anel R eiehon e Befic USRS B
stator tooth (the tooth axis is also the connecting line between the center of the tooth root and the rotating
o L e BER B ieEs OT U S etiag v,
and a rotatingrstifffréixédnianiety ctheker afetivariotsr 3 wlgererabaels dithleescardetdeth sfithe tooth top

arc 511, for example, the stator teeth 51 in therial position have the same eccentric angles

or the corresponding eccentric angbesf all the stator teeth 51 are arranged in a sgicely

and progressively increasing manner.

[0038] In the brushless DC motor according to this embeditndue to the presence of the

eccentric anglé, the center 512 of the tooth top arc 511 doescouicide with the rotating

center of the rotor, and does not fall on the fiehe tooth axis; when the phase between the

stator tooth and the magnetic pole is 0 degree I&8td degrees, the input driving current is

started, and a differential pressure of the magnetive force can be generated due to the

presence of the eccentric anglesuch that the resultant electromagnetic torquthat‘dead

point” is not zero, the starting “dead point” isSn@hated and a good starting performance is

achieved.

[0039] Preferably, the eccentric angle®f the each stator teeth 51 above are the sardéyran

the radii of the tooth top arc 511 of each the &bstator tooth 51 are the same. Viewed from any

cross section of the stator tooth, when the eciceahglesd of the stator teeth 51 are the same;

and the corresponding radii of the tooth top art Bfieach stator tooth 51 above are also the

same, in each cross section of the stator 5, thec12 of the tooth top arc 511 of each stator

tooth 51 is continuously arranged in sequence, iftgra stator circle surrounding the outer side
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is wound with a winding (not shown), and the stator 5 is arranged at the outer side of the rotor 7. In each
cross section of the stator 5, the connecting line between the intersection point of a tooth top arc 511 of
the stator tooth 51 and the tooth axis 20 of the stator tooth 51 and the center 512 of the tooth top arc 511
forms an eccentric angle 0 with the tooth axis 20 of the stator tooth 51, which is more than 0 degree and
smaller than 80tHegreatng0O3GEP aftibeladigraméreenthe miferotitstatthdeste bt hbidt@dainddmyards the
center, can be provided and fixed on the inner side gf the stator 5, and the stator teeth 51 are uniformly
Cistibutod oA E OIS GBS 12 ety BRI Ao et S 9eh, T et 6 ST 18 O
correspondencagpetsdipolegthlilvanggsietiatpiol s Sy owhbmtaeon Ftardsendin atlce maagn ediapoiespéddn the
rotor 7 can be_a permanent magnet, and can also have magnetism upon enerqizing. The between
w0 acincont o LU e TR0 Ao B8 SR D F LTS R el 70 SR
through the robatngg shaitomitye alentemwitblaref totatoioro? . t{eBd [Hd eluainesh aridotgneecentyie angbés O of
different pairs of stator teeth 51 can qithe same or different, namely, there are varigus arrangement
manners or SRCCU O SIOUER T e o e, A P Wi e 5 B ARSI
position havebshihesameecasriteiceghgkas 0, or the corresponding eccentric angles 0 of all the stator teeth
51 are arran in 8 successiyely and. progressively increasing magner, [%OfS n the. brushless. DC motor
coorcing to DL ot R, S o i St Tl DR P St 3 oot
top arc 511 dodisdratad csndiaiee watinstitutedatingesehtepotfhtieprdidd,, amatidtes cattéall istivg flinetlofttpe tooth
axis; when the |Pm.%ea|b$&¥¥§8§ 5*?%3% t%t&?g}%‘%ﬁ e i@“’ﬁ%Pé&f&n pé’A%HSth%?gL?&yv%@grl%’eg?&é%ﬁ% the
input driving current’Is started, and a differential pressure ot the magnetomotive force ¢an bé'generated
due to the prepplicaiof isenet it tarthle, fosexhnpisetheossssitctitnsl of tantastatictootl el abihdadead

point" is not ze ing_" point;.is elimj tarti e is achieyed.
10039] Prete i B e A o T e B R e e
of the tooth topthicesnbooirsachishwbinive statbasdony B dnmitbesaisen tievsbdfeoph thaycmres sediction of
the stator too&p H@@‘?Qté?io%ﬁ?%%r. MSS 0 of the stator teeth 51 are the same; and the corresponding
radii of the tootﬁ top arc 511 of each stator tooth 51 above are also the same, in each cross section of the

stator 5, the te0vél H12nhisf eeltodithaop tie santerf ebevktheotaobtuopbisl cointiveusiadly arianigeihied

sequence, foﬁ&’ﬁgh% ?%%hg%ﬁtgwfslﬁ?q- rgISrc’['dt%rﬁéhd&%‘émﬁcr%%iEQs‘EF‘cW%’iaﬁft é%’&ﬂ’fm\é{ﬂgn the

rotor 7 rotates, the size o € eccentric angie U remains the same, butthe magnetlc- ield vector between
the stator ted@® e dadutiedctomasiardto polrevidechhoyesmiing tortonsanylywised fher mpres edtstaionwith a

constant Tt AREEC BRIt e SRR SldR5A°GRNIGADES SEAMAGACNR SIS (Bture,

magnetic-field vector changes unirormly along with the rotation of the rotor, the obtained reluctance
torque is of satddibnahgseel Wwﬁébﬁﬁhwtbraﬂmm?@iﬁd?dmméflﬁppw@bﬁthe&élletbﬁsmagw&lﬁ@eﬁdﬁque
output by theamg% SRORGLE LSS AP LIS S AIRGR IR B OB AEGRUITaGR[ILEED sfator

tooth 51 is a tooth top cylindrical surface constituted by each tooth top arc 511, and the center axis of
tooth top cylitifricéisnriaethob basarsierhoseiesing parklfefwith eaciedthErdf VeI e diewhit

application is.aati@ieehio Bt (8h RRBPLalIGEEATSSSHINNAIEARD SIaR 1901121 K38 e agertain

angle deviation and be spirally arranged. The working principle of the eccentric angle in this embodiment
is not influenBdé® @qd’a@ea%%@rémmmémgam&Hé@ﬁ@d&@htm(ﬁﬁ‘s§l§é"tﬁﬁ)ﬁfdhméa§ﬂ§t§ﬁ@d5ﬂ?@%
satisfied. [00fFh{D K&, BRPRAURERYC EB!Sh gt RS AR & the el et xishated
from the rotating center 10 of the rotor to form the eccentric angle 0, such that the asymmetric torque
required d_urif@%téﬂih@)ﬁ@ﬁf@ﬁbé‘éﬁmv@‘vé@ﬂh $Ffé%dﬁﬁﬁb'ﬁ!§§.1§@ﬂ1f&ﬁ %@@bﬁ%&t&rbétgféﬁe
(graded air-gagsirychiie s teRRARErAI §B R Y IURr@SYBIRFITIS [HBiRlusi EReadditionahgragiceor
structure) with asymmetric air-gaps in the prior art, all theSe asymmetric air-gap structures are provided
by changing ﬂ@@?ﬁib@%mﬁé%ﬁtmﬁywmﬁ'ﬁﬁbév@aﬂ%@@@ﬂt@f tAetBtator teeth 51; particularly referring
to FIGs.1-4, inuaneal b e dedifafnicanass efiharientiioBaitAnislapinih e d1f same
while the radii R11, R12, R13, R14 and R15 are different; in stepped alr-gaFE structure, the tooth top arc
surface of th&/B&Mmel RSN (BB ERR4NatRe dWiOR P EHERBLAIHEY tanigsyThMetiRIAbeIHCR GiLPEIER axis
of symmetry kR-afthedaeth ippicyindrisalaatana ot resh@idiard oot s evipignd e e otsymanetry

kl of the stator tooth; in additional groove structure, a groove h is provided on one side of the axis of
symmetry of (h&YBtA Rﬂ§W%@ﬁ@%%r?&@é%%@d?@%%%ﬁfhP[’@b42]i€'i‘h|b;‘e%h%%@ﬁtér%é%%ﬁe
tooth top cyliﬂgH@I surface of the stator tooth in all four types of stator structures in the prior art lie in the
rotating center of the rotor, such that sudden changes exists in air-gaps between different stator teeth and
rotors, causing the reluctance torque to have a positive peak and a negative peak within a pole pitch,
namely, showing a high torque ripple.



[0043] Therefore, compared to the four types of stator structures in the prior art, the brushless DC motor
provided by this embodiment not only overcomes the problem of the starting "dead point", but also solves
the problems in the prior art, such as too high torque ripple and excessive noise during normal running of
the motor, and effectively reduces the vibration and noise in the work. [0044] Embodiment 2 [0045] This
embodiment [cad 3y rTiherefptenizentbarsbapeted foarrgtpe sivtistatarcarteibalsés piennhpdimenishiésghis

embodiment, jn each cross.sectjon pf the rotgr 7, the rim arc 712 of each netjc pole 71 can be axially
cymmetic re RtV UEr e WA M BB e e Gy R LA LS B1D HeBhr e
rotor 7, the ripviatt, Bl ad$@aolvesayagtiolpetssqih trethadradoc!y ds combeyh amqubeippldiusthexeedssie
smaller than the roEt]atin radiuslof the rotc%rt nametlg thedc&ﬁé%n of tht% rimbar 712 lies betweef‘lq the rim
arc 712 and theofa {hnéc%oﬁpé? oINS IS AT R RN SR RSP 3RS A5 8 qual
to the rotatingvogklius of the rotor. [0046] The shape of the rim arc 712 of magnetic pole 71 on each rotor is
not necessaringl w@ngﬁ% Blut frq%erably, in each cross section of the rotor 7, the center 713 of the rim arc
712 of each magnetic poqe 7S continuously arranged in sequence, forming a rotor circle surrounding the
outer side of i@t atnig) eabtatiherdf ¢he fottre [@P4iR)iZdehensisaptheérofos ssthuotagneticipoleadis isf
preferably a i, eyindricel fage.constiiad by each (M gie. anddfie enie @i of he fim eylingrical
surface of each magnetic po?e T paraﬁg?with each other. However, itis ot imited to't Is, for example,
the magneticpajeatic adends edongeassathl synvaetria thietvigine penseridicelaragnite qrolss sdetiotheor
a'tema“"e'y'stl%l?o?%”%%?rr%fn@edfa eSStFP'sﬁd” PR IR RH ré?&%@%feé% h0%4a8 n‘é{.'}ec;}%@ﬂ It
case of respectively %ormlng he Totor circle and the Stator C|rcl'e, & radiUis of the Totor ciFcle 1s preterably
greater than thatrofahd statmmviesleand shestaditiallihswEiyaignmlibanldethatatigweditsrof dhe cotws

section, all t te oqth top ar. jr ' e e
rotating cenmniaﬁf{kéEﬁ(§§r% ngéﬁﬁzécgl'pé%sﬁfq§ %f%t#é ﬁér% gg:@agﬁ% é’?;t%z ﬁgg%hg{%go@éﬁﬁé <'5{;re(ceH gq?sgf
arranged to likeearaintleAlitinativehtethef i@ usteltitng cent@tafcae betarsard waitetbey I@aing eadinsants 712
of the magne[gg p@%&g 71 surround the outer side of the centers 512 of the tooth top arcs 511. The surface
of the magnetic poles and the tooth top arc surface of the stator both adopt cylindrical surface, which is
convenient faP@t6tdxinghaneg mathedadmraig, akil benefinalito pelee desr) [@d9]dMiitiseasssdiiiyent, the
rim surface of i, AGFIABIEAN INLRIPEISLSIIRSHIR B A IR AL RN foclhf e pIJT

ut not ce t ield

magnetic pole tered ort the rotating center of the rotor, such that the air gap magnetic
between the ealr Bxag@naticspgtier 14 ihisantibolisle af cang¢hiuenesutirmmocateiaeirig steorppiedof the

electromagnetic S%EQPQ@&EQ%QY %rg% LERR gfqﬁgﬁ[gyely reduced, and the vibration during working of
al )

the motor can be further reduced. [0050] Embodiment 3 [0051] FIG.5 is a schematic cross-sectional
diagram of tHeéG#alofdén Bnbragrifess ofCeanitomagoetitinepte aid emipvéiwiantior teipdesahtsinaetion, this

embodiment 8&%@%@826{2’ SLAMPLIEEAROYR SENEAURRNGS IV HAFIIRLE JNARENCOSS SHEMR R the

stator 5, endpoints at both sides of each rotator tooth 51 are axially symmetric relative to the tooth axis
20, and a traRslfiohlalsaraisRrmidt eralyetiethEoie Ve 0 liotieside $his tfey sxaaisothes Maaaetife tooth

top arc 511. [00a2} Herqin dheppf PiILR af MR BidRs £ dhe-HaintrariNz L b e i edlginty from

the two sides of the tooth top to the tooth axis 20; the tooth top arc surface can be smoothly transited to
the tooth sid@k@iffatiee!itirestiigesdeidieanenaiicniiard Rnaird Froiecthantt6ts section of the stator,

the two arc siiages,ahetg, PR WAGECSr TLLARTGERER ARAYENMRERIRCHUANE QaleSifbe dpgion of

the arc surface can make the changing of the air gap magnetic field much evener. [0053] Preferably, on
each stator t6@8 10ftHberENaItiotielRale Beiarably feseatanstaiort ¢t thhecaiaier Tigier BledRiRMIBIN C 511

Is a first trangiioaol Y re LR AN GiEREE HARRIRE AAIRRSH! 4 the SiiRert DR CeMIRS RidhFiprihciop arc

is a second transitional arc 514, and the radius of the first transitional arc 513 is greater than that of the

second transiidnaleaferanged eheid aireg avish sueenigrgigaien crRMRRLHE S0l enldhargaisrIne &ir gap
magnetic fielgidrgngyatation ofidhe EaiiFRACRdIEhAr seduprtydthihsdhs BeidRRRcreaHiS dgsian of

the stator arc. _
rotating center of the rotor, and centers 713 @& tim arcs 712 of the magnetic poles 71

surround the outer side of the centers 512 ofdbéhttop arcs 511. The surface of the magnetic
poles and the tooth top arc surface of the statih ladopt cylindrical surface, which is

convenient for processing and manufacturing, amefigal to save costs.

7



[0054] Further, the radius of the first transitional arc 513 is preferably 0.1 - 1.0mm, and the radius of the
second transitional arc 514 is preferably 0.1 - 0.6mm [0055] The design of the transitional arc surface in
this embodiment can be coordinated with the rotation of the rotor, such that the air gap magnetic field
between the stator and the rotor can be much smoother and evener, and the changing rule of the air gap
magnetic fielfpg4ed thotes torindisodial tvavin aaddbe plth sewaidirdocitng t@tgu és riesigrambtvibeasion
noise can be further achieved. 08156 Emb@gliment 4 OO%}?J] FIGt.8 ista sghe ﬁ\tic Cross-sec ion %iagram
of the stators N gﬁcost}@r”}%w)? Brusﬁl §8 B RAtSIPREEG NG 3 & EmBodiment of the %Feesf]e%ct ?nve%tion;
FIG.9 is a scheorasodrabaisbetiain ajagi agegmett dadddieatibanobdtbe aotdotiseastd theirsthisrsritbadimeter rotor

brushless DC morgor accordéﬂ%toa em odimenﬁof Ihebéar F&%Qrt inventian. Referrin t&) 8 and FIG.9,

I
the outer rotSPBrUSHess DC moter provided by this ERbodiment, difere it ffom embo mYSrﬂel',*}%é”rotor 7
is arranged arathieeceffecbidty o dueestabod3himnibisticay e rkitoy @f ithe fnawtou an the fstdhber tellesed.the
center of theﬁgé 7 ‘rﬂ% 0 teérﬁige surface of the stator 5 is fixedly provided with an even number of
stator teeth BT w acﬁraoﬁaw extend outwards, the magnetic pole 71 of the rotor 7 is provided on the inner
side surface [8f0th] rbtGrY isrrd stisencaiic heros sasecéeaitab e gome sy ctiadersc e poditishleds e stator tooth
51, and the rfating shalt fedin e eanis ol e.colard eaRellius e iolon 148 iolale: is ey
viewed from fe cross sedion 0 ?ﬁle rotor 7, RPHm arc 712 of each magnetic polee7 IS concave}f and the

radius theredhis areateztiadioress fLitthtrencotatim g acil iceatbshef thio stationifa rejodpmbiscitimth jdeseach

tion of ting, li ' ' intof at 1 of
s A e SORES IS M RE YEIORRO U0 R NI B &1,
can form an ectented beigleeh withrtmditestiatebash2deisthistiBtarao tsbo thil5An dpthie kot imtopeatieeil 0. degree
d Il 0 T the st . lagionshi
Dotweon the (D007 L T St R S g s et e A e hven
here. [0058] Rrefacsiyftihe taotedpoihcithg srubrixis 2@gibyiDtopexicls wtake taothedragnihhyetiamtitefithe

footh arcs cap BN ENAIS SROHE! T2 AL G AR o8-8 Rl ATh AR 9810 SLR SaripuouSly

arranged in sequence, formlng a stator circle surroun e outer si € rotating center o the rotor.
[0059] Still fustater, the stractirswiabesretortbaridsehiteialdsgentizeegbive nvdhee thd eotodiivietns?,

namely, in eagh Grags, SRR AT AL A %%Q%Z%ﬁﬁﬂ%ﬁﬁ%}@&f%g Pn!&@@%'?{e%’mmet”c

relative to the axis of the magnetic pole, and in the case w arranged at the outer side of
the stator 5, {A853h RrefereRlyf eactastagiesac toolkd B o entsansdiendsiepacing frond the sidusf thereof is

smaller than &'&ﬂt&‘?t%”l%gJﬁ‘ﬂ'ﬁgst%m%gfgt%b“%‘ifhé‘% ﬁsl%ﬁﬂbﬁ%ﬁg %ié’fv@ﬁ}@“ tﬂE"%%@%HBREf ficon the

rotor 7 can be the same or different, center 713 of the nm arc 712 of each magnetic pole 71 is
continuously aiegeitdarike giten ot tHeratntp b abtbe dhels amwis et nHanRNicae atthd4otutththeenter

10 of the rolqe st AiRaiAba it RS i nariieln iurg bs el iR ARdans SBlar el

the radius of the rotor circle is greater than that of the stator circle (see FIG.9). [0060] Likewise, the outer

rotor brushlegé\@mm@t@f gmh@éwbgqmgré_rﬁbmmnm &mhmo@fethﬁe%?wﬁnm@rm&ﬁ& @irthe motor
near the stariing;igleaeReiIfo At BE RIS e AR GHMEARUG S AG QRIUR P RIS MO LBRN  HRNING tO

achieve the purpose of reducing vibration and noise.
[0054] Further, the radius of the first transitional af35s preferably 0.1 ~ 1.0mm, and the

radius of the second transitional arc 514 is pedfigr0.1 ~ 0.6mm.

[0055] The design of the transitional arc surface in ém#odiment can be coordinated with the
rotation of the rotor, such that the air gap maigrietld between the stator and the rotor can be
much smoother and evener, and the changing rutBeofir gap magnetic field gets closer to
sinusoidal wave, and the purposes of reducing toripple and vibration noise can be further
achieved.

[0056] Embodiment 4

[0057] FIG.8 is a schematic cross-sectional diagram ofsth&rs in an outer rotor brushless

DC motor according to an embodiment of the presemention; FIG.9 is a schematic
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[0061] The brushless DC motor provided by embodiments of the present invention can be applicable to
single-phase, two-phase or four-phase brushless DC motor, the working principles thereof are similar,
and all can improve the starting performance. However, embodiments of the present invention are
preferably applicable to a single-phase permanent-magnet brushless DC motor, because the
single-phaseonissglisgctanat fitagiasty o dooelitheipnodiutteorm eamet, tha dtateasimhdie obteinadridheshless

frequency. TIE) nun}ber of th stato‘,r1 rteéartn gloft e Hshless DC. mnot&ra Fearﬂnbe eyen %:S)éagtg %Lct)grr,

cf men sfgmmro g9
six or eight, cO respon ngy AFRGE e magne S onthe rotor orthe brus
also can be ekerguiar wmrnpiedide&%m@lntonumdedobgrmmﬂmeotpdlﬁmncfmmbemimtmbtaelntv\zherein,
stator structure, rofor structure angd th structure relati nshl een_rotgr and stator can adppt
U, gtr sticis an dheof osie hetieen oty Andstator can adopt e

specific solutlons i embodifient 1 2 toeér%%%t {ReY YisClisSions wil %eaSR}én here.

[0062] The ssiglterhbse |pethaametEtrmag‘netdmu§JIMMmsmtapeoned btﬁmssembmﬂmm\odad

overcome the %artlng/edead n% ]?t?fog g?tg strne%eﬂha}'s1 éﬂ ent m ?et brﬂqsétlr%%srl% mo or 2 If
prior art and guarantee successful starting, and meanwhrl so can ain‘an air gap ma8net| ield

following the thde@bsinus qidalidesventthesiobéainide sunifarenesastable, mqtmsamdreiﬁavavalyneduwme

torque ripple. 0%6 Stllrt;]grtréer the %Irtllgl%gfg %%eﬁlgast Orpa%trc])r %ﬁcﬂrrd-efg deycen?
preceding embodi en Urther comprlsmg 4] a rotor posi {ioR Sehsdt, con gure detect current

position of theotata cand dyivip tiheh® oo rTespmtatieigap s ) pwrvmmfgi:grmdhefcmesr(smmcpﬁ()ﬁa}ta ouotrdller,
connected with th%rg 8rgﬂ%%’foé‘agﬁ”r%%gﬁgfjccﬁ%%% E%%%]?]J A Ay 'Vénﬁr&ré%f ﬁ]r%%?érf qfgw! §.9 the

rule of SIﬂUSOI(f al wave t e win e receive ase pOSI Ion signal 0 e rotor, an
achieve a phegeatharige. foota) F@dmwtﬁrmetln@@omﬁmueremnbmmwhdhng ean%eroearsectenhwith%e

driving circui dg{gt%?eoct%%wc MR iﬂﬂé'tbtgﬁv M'%CHE%T&&% OFOat'ES 8%%?%3@%7]3%3at is, the

change the direction of the riving urrent viat e contr |eve a p change
brushless D(Iqmtbtéﬂcﬁrtdélmé@dimmeaﬂmi mwmmwatmwmaﬁwmém@rw t@pdansaikElthe

counter clectgmalire Jreecatine WIBING oV e U6 of HESASAUNRYE PYme s oty hase

compensating effect of the control e air gap magnetr IS chan owrng the rule of
much purer diegseggdahdsrealthe ﬂwqu%orlﬁwm bbeusthetietmce@tend mwmsermruatm@ffbet is

much b(':'tter'structure relationship between the rotor and théostcan be similar to embodiment 1, and no

further discussions will be given here.

[0058] Preferably, the corresponding eccentric angle$ each stator tooth 51 and the radii of
the tooth arcs can be the same, and the centeof3h2 tooth top arc of each stator tooth 51 is
continuously arranged in sequence, forming a steitate surrounding the outer side of the
rotating center of the rotor.

[0059] still further, the structure of the rotor can betlier optimized by the manner of
embodiment 2, namely, in each cross section ofrdkar 7, the rim arc 712 of each magnetic
pole 71 is axially symmetric relative to the axfsttoe magnetic pole, and in the case when the
rotor 7 is arranged at the outer side of the statdhe rim arc 712 of each magnetic pole 71 on
the rotor 7 is concave, and the radius thereommialler than the rotating radius of the rotor; the
shape of the rim arc 712 of each magnetic polen/the rotor 7 can be the same or different, the
center 713 of the rim arc 712 of each magnetic Fdles continuously arranged in sequence,
forming a rotor circle surrounding the outer sidetle rotating center 10 of the rotor; most
preferably, in the case of respectively forming tber circle and the stator circle, the radius of
the rotor circle is greater than that of the statarle (see FIG.9).

[0060] Likewise, the outer rotor brushless DC motor preddby this embodiment can improve
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[0068] Finally, it should be noted that the above embodiments are merely provided for describing the
technical solutions of the present invention, but not intended to limit the present invention. It should be
understood by those skilled in the art that although the present invention has been described in detail with
reference to the foregoing embodiments, modifications can be made to the technical solutions described
in the foregothg emhodjmerftsnamneguiiatenimelaocearcthisisgfideadnpdietto samnméecivtite) tésducan in the
technical soluti(?nS' Nowever suci] mdodjfications rre Iac&enmentﬁ]do not cause tr(lje essence of q
corresponding (8ShnIEaI SRS o LR REHFHELHIGRIRY S (Bp e PR ShiSSHAhL R ERE BRskent
invention. ChaiBd(S) What is claimed is: 1. A brushless DC motor, comprising a stator having paired
stator teeth, tfo(g%[ﬂe Iilﬁ\élrig HEPs%ll[rﬁesds rB%gr}%t)lt% Olr%% i g(g rot%wgdshgftt%}%ﬁd ina center of the rotar

. % {m nisne H]e ent.invention canqbé .
wherein eac stator teetn 1S wouna with a win ng characterize all in'each cross section of

the stator, thepuitabtding dingl&eivesen tan-pheise ot doupgihted detso I opadoc, o ¢hecstangr tdotiplesd a

tooth axis of {He stator tooth| and a caﬁpter of the to%heto @Lc {orms an %?centrlc angle (9 W'(R)stho? % oth

axis of the sta (ejrret%o?ﬁ? vsvllq?(':ﬁrisarrr]]%re t%%]nlgl%rgg\fee an Salfer than o %S\r/g[és? rdshigss DC

motor accordingsentlavaritiocharaqiesizeabiy thziticable dachlsipbase peomariehemetgmet binshlesef @@ch

magnetic pole, 5 ially. symmelric ielativg Jon, i af (16 MAGDRICROIE: o WS NF.5alaLS afranged
at an inner side of'the rotor, the rim arc or each magnetic polé is’concave, and the radius thereof is

greater than eneatatiniteratitas of thighetdrequentienTiine stawdeisedrtatyett ethablootehgiteushlbss rolor, the
e L RO R e SR Al e i e
poles on the rotor of the brushless DC motor akso lme even, for example four, six or eight;
inner rotor or outer rotor motor can be adoptedensin, stator structure, rotor structure and the
structure relationship between rotor and statoramopt the specific solutions in embodiment 1
and embodiment 2, and no further discussions wiljiven here.
[0062] The single-phase permanent-magnet brushless DCrmpaivided by this embodiment
can overcome the starting “dead point” of the sfghase permanent-magnet brushless DC
motor in the prior art and guarantee successfutisga and meanwhile, also can obtain an air
gap magnetic field following the rule of sinusoigeve, thus obtain an uniform variable torque,
and effectively reduce the torque ripple.
[0063] Sitill further, the single-phase brushless DC matarording to any one of the preceding
embodiments, further comprising:
[0064] a rotor position sensor, configured to detect eurpmsition of the rotor and output the
corresponding phase position signal of the rotor;
[0065] a controller, connected with the rotor position ssenand configured to generate a
driving current signal following the rule of sinudal wave to the winding based on the received
phase position signal of the rotor, and achievhase change.
[0066] Particularly, the controller and the winding can dmnected with the driving circuit
respectively, so as to input the driving curreghal to the winding on the stator, and change the
direction of the driving current via the controlterachieve a phase change.
[0067] That is, the brushless DC motor of the presentntisa can be driven by a sinusoidal
current signal, and make the counter electromditivee of the winding following the rule of

sinusoidal wave by means of the phase compenseatiagt of the controller, such that the air
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in each cross section of the rotor, the center of the rim arc of each magnetic pole is continuously arranged
in sequence, forming a rotor circle surrounding the outer side of the rotating center of the rotor. 4. The
brushless DC motor according to claim 3, characterized in that:  a rim surface of each magnetic pole is
a rim cylindrical surface constituted by each rim arc, and the center axis of the rim cylindrical surface of
each magnet_i;apo‘rmgmpacajleld/viiihoeaobanffenowiﬁg The hresbiess fu msitarsatizordiage{otiotatordye
characterized.in that b nt each Cross s ctlo Rf the sta&ﬁ;lﬂ &nd oints a%%otth sides of each rotator tooth
are axially syrﬁ%%t(r:ficnre e o {ﬁ 16oth 2 aX|s LRI ﬁ Bre it ormec[ between rim lines at both
sides of the s{tmes]tdbtfalandntombump lbec notddl That tmrtsmess@@mhmimmm)rdmgetp deinided for
characterlze%I in épgtn in ea &h sé[ator otoéh thf} ransmon m (r)% d éarrmt(')? fro de ohthe centet\r of
the tooth top arc 254 rst ransiti Iona Qrc Wi heetr%na \Onal Arc adjaden eS|de Ot the BEMEY of the
tooth top arcirsvargecondttshositidrabades rstod dHsy thdses stiitbin &t ltanattbuag atbespgesate itbhantitrat of

the second tansHional ided N REUAVRFS DGR AFRITIRSR SRS RIS RRA rbe
made to the technical solutions described in theegoing embodiments, or equivalent
replacements can be made to some technical featutee technical solutions; however, such
modifications or replacements do not cause thenessef corresponding technical solutions to

depart from the spirit and scope of the embodimefhtse present invention.
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the radius of the first transitional arc is 0.1 - 1.0mm, and the radius of the second transitional arc is 0.1 -
0.6mm 8. The brushless DC motor according to any one of claims 1-7, characterized in that: the
eccentric angle of each stator tooth is equal; and/or the radius of the tooth top arc of each stator tooth is
equal. 9. The brushless DC motor according to any one of claims 1-7, characterized in that: in each
cross section of the stator, the center of the tooth top arc of each stator tooth is continuously arranged in
sequence, forming a stator circle surrounding the 8%‘3@ e of the rotating center of the rotor. 10. The
brushless DC motor according to claim 9, characterized in‘that:  the tooth top arc surface of each stator
tooth is a toofpHeR Y nFleaksurface constituted by each tooth top arc, and the center axis of the tooth
top cylindrical surface of each stator tooth is parallel with each other. 11. The brushless DC motor
according to clairh- 18, ¥HaRRIErREd M iRat CRIBPFRING DRREFNGHREE BlyRSiRehah RRF d1anBStator

circle.  12. ‘?‘ré&%‘é\@%ﬁ@%d@%@nécgc}@m%&sﬂ%ﬁQ&@&f«ﬂﬁi@?sohﬁechﬁ@}:tﬁﬁi@%i%H&‘ﬁtioﬁhﬁe

brushless DC motor is a single-phase permanent magnet brushless DC motor, and the numbers of the

stator teeth aHai @I tbISHAYREII A BANB ot & gsterizethat:

in each cross section of the stator, the connediirggbetween an intersection point of a
tooth top arc of the stator tooth and a tooth axithe stator tooth and a center of the tooth top
arc forms an eccentric andlewith the tooth axis of the stator tooth, whichmere than O degree
and smaller than 90 degrees.

2. The brushless DC motor according to claim 1rattarized in that:

in each cross section of the rotor, a rim arc afhemagnetic pole is axially symmetric
relative to an axis of the magnetic pole;

when the stator is arranged at an inner side ofdtoe, the rim arc of each magnetic pole is
concave, and the radius thereof is greater thatasing radius of the rotor, or, when the stator is
arranged at an outer side of the rotor, the rinohach magnetic pole is convex, and the radius
thereof is smaller than the rotating radius ofribter.

3. The brushless DC motor according to claim 2rattarized in that:

in each cross section of the rotor, the centerhef im arc of each magnetic pole is
continuously arranged in sequence, forming a retmle surrounding the outer side of the
rotating center of the rotor.

4. The brushless DC motor according to claim 3rattarized in that:

a rim surface of each magnetic pole is a rim cyload surface constituted by each rim arc,
and the center axis of the rim cylindrical surfadeeach magnetic pole is parallel with each
other.

5. The brushless DC motor according to claim lrattarized in that:

in each cross section of the stator, endpointo#t sides of each rotator tooth are axially
symmetric relative to the tooth axis, and a tramsél arc is formed between rim lines at both
sides of the stator tooth and tooth top arc.

6. The brushless DC motor according to claim 5rattarized in that:

in each stator tooth, the transitional arc depgrtiom the side of the center of the tooth top

arc is a first transitional arc while the trangitd arc adjacent to the side of the center of the

12



13. The brushless DC motor according to any one of claims 1-7, further comprising: a rotor position
sensor, configured to detect the current position of the rotor and output the corresponding phase position
signal of the rotor;  a controller, connected with the rotor position sensor and configured to generate a
driving current signal following the rule of sinusoidal wave to the winding based on the received phase

position signgl Gf the, ri0fs AL AGHEYSRIRDASEFR M RbaIs of the first transitional arc is greatearth

that of the second transitional arc.

7. The brushless DC motor according to claim 6rattarized in that:

the radius of the first transitional arc is 0.1 Orim, and the radius of the second
transitional arc is 0.1 ~ 0.6mm.

8. The brushless DC motor according to any ondaifns 1-7, characterized in that:

the eccentric angle of each stator tooth is egumal/or

the radius of the tooth top arc of each statorhta®equal.

9. The brushless DC motor according to any onéawins 1-7, characterized in that:

in each cross section of the stator, the centdheftooth top arc of each stator tooth is
continuously arranged in sequence, forming a steitate surrounding the outer side of the
rotating center of the rotor.

10. The brushless DC motor according to claim @yatterized in that:

the tooth top arc surface of each stator toothteth top cylindrical surface constituted by
each tooth top arc, and the center axis of théhttay cylindrical surface of each stator tooth is
parallel with each other.

11. The brushless DC motor according to claim b@yacterized in that:

the radius of the rotor circle is greater than tifahe stator circle.

12. The brushless DC motor according to any ore@aiins 1-7, characterized in that:

the brushless DC motor is a single-phase permamagnet brushless DC motor, and the
numbers of the stator teeth and the rotor magpetes are both even.

13. The brushless DC motor according to any orwaiins 1-7, further comprising:

a rotor position sensor, configured to detect timeent position of the rotor and output the
corresponding phase position signal of the rotor;

a controller, connected with the rotor positions®rand configured to generate a driving
current signal following the rule of sinusoidal veato the winding based on the received phase

position signal of the rotor, and achieve a ph&sage.
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