| 9 ‘Septenber 2003 WD 00/ 57544 PCT/ US00/ 08041 3 M CROP fGEyEROLLED
SI NGLE PHASE MOTOR W TH EXTERNAL ROTOR HAYI NG | NTEGRAL FAN Background of
the I nventi owoOlls754dvent i on generally rel ates to el ectroni cal PgTAS00/08041
comut ated notors and controls therefor. in particular, the invention
specifically relates to single phase notors, such as notors having
external rotors for driving fans, and nicGPprocessor controls therefor.
Motors with external rotors or "inside out” notors" 10 of the type to which
the present invention generally relates have magnetic el ements nounted on
a rotor. These magnetic elenents may include pernmanent nmagnets and/ or

el ectromagnets. A stator Iocated Il nsi de the _nma net elenents I ncl udes a

bearing .for rotat ab|_$}l¥ﬁ%9{§;19 = O {CHE: hat the 15
rotor may rotate relfHI% e RO (ﬁNﬁﬁﬁﬁa%Tdéﬁitlc

i nteractlon% of; t he Egnﬁt'h gerrer{:ts and magnetlc flel ds generated by
energi zi ng one enbodi nent, only one or two
wi ndi ngs are vwnﬂhbcnnvemtmﬂnngenﬁr&ﬁiyrnakk;&nﬂtqnﬂkﬁctw¢n£¢a1byprOV|ded
arourd the -gfi,Bobbl &, pOetMeeld ﬁ@%ﬂewts d%ngs NGSpet O

conduct the magnetic fT enerate the energized ‘W posite
ends of a prHRAYERGH mcwgma attaf‘f’e Yee iNEeh PRARR TRECEXt eFlCRCRSsS

the wi ndi nggodlipaeind C@s&dehmpqsaﬁca:s Sedfvirite e andhe plate also
has a centrajlgpenln and 25 a r|n ext d|ng fromthe opening which is

recei ved i At%F ?ﬁ}%) Eﬁbbln Two substantially identical
pl at es are nount ed orMcmond Iv;atdpmﬂ:amaé.ndmtcdrst leer alMiB ide amdk mteors"

angyharly t n sy rts

of tipe Wi na‘;gn;@e %?& J}ﬁo‘:ﬁl‘%t{% F%%\%I gcs'r%onl cg'lra:] ‘%e%eraﬁ:{%gfl n ord

to provi déans imRgne i &l aRRnta imaunged erorddetcs aI |TBvese magnetic
elements may include permanent magnets and/or electromagnets.

. A stator located inside the magnet elements 1nc1udes a bearing

Q
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.for rotatably mounting a rotor shaft on the stator so that the

15 " rotor may rotate relative to the stator as a result of the
magnetic interaction of the magnetic elements and magnetic
fields generated by energizing windings of the stator.

In one embediment, only one or two windings are wound on
a bobbin of an inside out motor. Metal is provided around the

20 bobbin, betwes:n the permanent magnets and the windings, to _
conduct the magnetic flux generated by the energized windings.
Opposite ends of a plate are bent down so that the bent down
ends may extend across the windings on diametrically opposite
sides of the bobbin. The plate also has a central opening and

25 a ring extending from the opening which is received into a
central opening of the bobbin. Two substantially identical
plates are mounted on axially opposite ends of the bobbin, and
are angularly offset so that their bent down ends extend over
different parts of the windings.

30 Such motors may be electronically commutated in order to
provide variable speed operation or in order to allow
operation at two or more distinct speeds. There is a need for
a microprocessor control for such motors which is simple in
design and low in cost to manufacture. In addition, there is



operation at two or nore distinct speeds. There is.a “eﬁﬁsé@émbéﬂmoa

m cr oprocessor control for such notors which is sinple in esign and | ow
in cost to ngpwheshsre. in addition, there is 9 Septenber 200 44
PCTI USO0/ 08041 2 a need for a control which has a reduced nun%g¥ﬁ%$8&ﬁzp
conponents as conpared to single phase notors of the prior art and which
can be programmed to operate in different nodes without the need for
changi ng conponents. 5 Sunmary of the Invehtion it-is, therefore, desirable
that the invention provide a single phase notor which is mcroprocessor
controlled and which is sinple in design and low in cost to nmanufacture.
it is also desirable that the invention provide a single 10 phase

m cr opr ocessaressbrfiorola edrncr witd ¢l has pa ogedurealdl eumhed offi cbmbageats
relatively e Pfs | o] S] e at t.he, .
invention|§%£%%mg%a S|ﬁ§f§l %ﬂas n1%?d%%%%€%§%€ %gﬁtbéﬁpéda%gtéphmﬁP%ﬁhis
progr amed 88 bee PreOgr@medoit® ReBtenintdibterentt maieshwisbonsntke
roccurs. 15plded $o TRafRSnARIEndddndde i nvention provide a single phase
m croprocessor controlled notor for driving a fan which provides an alarm
in the event that the static pressure of the air noved by the fan is
unacfept abBemmbtvi ®falthe desieralilen t hat the invention provide a single 20

phase m croprocessQr, control.l mot or. which 0l oyS_a, Si e | ow cost _and
reliabl e power g&ﬁ?@higgeﬁgﬁﬁg%c 4%S%ngﬁ%dﬁg§%i %ﬁlénY%E%l?ﬂepFﬂVéﬁ?i%n
provi de a single pphasemptoropihdcdssiy wiomntomtdess sot ocontitchladsandst art
mode  duri pg WA t ' I t 1 i ' 25
T ting. t ReLn, o STRELE I ERAUFd ) Mn 2oFE i tilEe, The
i nvention provi 6 aSsphr§Pedesizsdlf Ghafr dhes ssivenhienl Pravideor aknahe
enploys a phakarhicibgeovbsebr Tontirdiateatl it avh Pk eds 9488 rasmalist ect ed.
It is also dgsiﬁabhe that the_inve tloncﬂrow cﬁ)a sipgl e

_ and wnich has a relatively small number of components.

It is also desirable that the invention provide a single
phase microprocessor controlled motor which is programmed to
reduce or avoid operation at speeds at which resonance occurs.

15 It is also desirable that the invention provide a single
phase microprocessor contrelled motor for driving a fan which
provides an alarm in the event that the static pressure of the
air moved by the fan is unacceptable.

It is also desirable that the invention provide a single

20 phase microprocessor controlled motor which empioys a simple,
low cost and reliable power switching network.

It is also desirable that the invention provide a single
phase microprocessor controlled motor which has a start mode
during which the rotor is accelerated at a desired rate while

25 limiting the maximum current in the motor.

It is also desirable that the invention provide a single
phase microprocessor controlled motor which employs a restart
mode which is initiated when a locked rotor is detected.

It is also desirable that the invention provide a éingle

30 phase microprocessor controlled motor which has constant
commutation periods in its normal operating mode.

It is also desirable that the invention provide a single
pPhase microprocessor controlled motor for driving a fan which



30 phase m croprocessor controlled notor which has constgagépte,q:,ggm{{]@tion
periods in its normal operating node. It is also desirable that the
i nvention. provide a single phase mcroprocessor controlled notor for
driving a fan which 9 Septenber 2003 3 has a safe operating area avoi di ng
overtenperature operation wthout current sensing. It is also desirable
that the invention provide a single phase m croprocessor controlled notor
whi ch enploys a sinple, low cost, lowloss, current limting power supply.
It is also desirable that the invention provide a single phase
m croprocessor controlled notor for driving a fan which nay be progranmed
for multispeed operation or which may be23 programred as part of an
automati ¢ condenser control. In one form the invention conprises a -notor
powered by a do power source. A stator, has. a single phase wi nding. A
power switchijng cireut ohgg Jover SW tc%fxs for stel ectively connecting the
dc power source to the SPhighe phate Wty Crepermenahirsegreaticotor is in
magneti ¢ couptHPite AERERE ta¢nERRI. stator. A position sensor -on the stator
detects the positinn isohlsh@icsaiablcarHapri¢ dfterd ROSploPitieSh WdL, o
i ndi cating t hgna det Rl rBOS dchOBontR o P ko 1t el udl n%@al
m croprocessol I esponsive #o the FOSI I%SI gna‘f- anﬁ%or?’ﬁeélt Plfo t he
power switchi ng" cTPels t%¥el ¥t TRFSP EontAPEPRYRF SHBWBY - swit ches to
commut ate the singfe Phadeovderdraglashat thenérventioh phevipesitdiegisi gnal ;
wher ei n a r esphane emividprocetsorduenti@lLbe veReE atd0mreli1ide FRE QW thin a
predet er m nedme@nge odr@bkRld 'méﬁ‘i%ﬂéed)f PEQ e P&I @nv%]{c%n%g% rotor

€; \

causi ng i_ncregiggrgl ration and _| | ncreased audl 0 nols Wrer ei n the
control circu FE"BP DGRy Ko FUEQRR- i EoRdeier: sorkradet i vel y avoi d
the predeterm ned TBngRe dPrmy ditgt iuvrratiopeasteriseats ghtvhaokeseNance
occurs. In andtchebwfao.rmurbbe im\seatdnﬂmxgaoarmhggs Fhdsat Q{ﬁﬁg\égr%d y do
power SOUTCe pRRER! bhifdtiid SLALAE RAYLBA.A tiPOhE, ROASE YU NG: a nover
switching circuit having. pQWer SwitcChas For . Selecrivaly ]ceé:ﬁh\éeét?l ng the do
power source tOLHeE %f‘%%fhé’ §ﬁ£°é"er\/\f‘?’t’d’|‘3ﬁg?° P eF HHen Phaer) wéndimgt.or ai n
magnet i ¢ coupBFFEREnEt fasmet oretve &% dinoraguetioseowmling relation to the
- stator. A position sensor on the stator detects the position

of the rotor and provides a position signal indicating the

detected position. A control circuit including a

ricroprocessor responsive to the position signal- and connected

to the power switching circuit selectively commutates the

power switches to commutate the single phase winding as a

function of the position signal; wherein a resonacice will occur during the operation of the
motlor within a predetermined range of rotafional speeds of the permanent maghet rofor
causing increased vibration and f increased audio nolse; and whereln the control clrouit

ts programt.ned fo operate the motor fo seleclively avold the predetermined tange of
rotational speeds af which the resenance occurs.

In another form, the invention comprises a motor powered by dc power source
comprising: a stator having a single phase winding; a power switching clreuit having
pt.)wej-r switches for selectively connecting the de power source to the single phase
winding; a permanent magnet rotot in magnetic coupling refation to the stator; a position
sensor on the stator for detecting the posttion of the rotor and providing a postion slgnal
Indicating the detected position; and a control clroult indluding & microprocessor
responsive to the position signal and connected to the power switching cirouit for

selectively commutating the power switches to commutate the st

function of the postti l; wherein the md o Co—gas
\ position signal; i Croprocessor comutates
switches at a plurality of rates which excludes at least ope the

rate cerresponding to a speed-vhich causes resonance.



sensor on the stator for detecting the position of the Epé teﬂBéir%b'o%V' di ng
a position signal indicating the detected position; and a control circuit
i ncluding a m croprocessor responsive to the position signal and connected
to the power switching drat for selectively commutating the power sw tches
to coomutate the single phase winding as a function of the position
signal; wherein the m croprocessor commutates the switches at a plurality
of rates which excludes at |east one rate corresponding to a speed-which
causes resonance. 9 Septenber 2003 3a In yet another form the invention
conprises a notor powered by a dc power source and for use with a fan for
noving air. A stator has a single phase w nding. A power swtching circuit
has power switches for selectively connecting the do power source to the
singl e phase wi nding. A permanent nmagnet rgfor is in magnetic coupling
relation to the stator and in driving. rel ation to the fan. A tenperature
sensor on tHe Eﬁtaﬁmm?@rforfﬁve%mt@m epeisgs 1 BoloT peesEdndi ng to a
tenper at ure Rf & ¢ BRYATEOUFRE Fesv Lae gt B % fper foyrecwingnalic. A
i ndi cating tdetatetiend ed siegperptidte wifding! r Al miveaUisiitoRindide R«
M croproces§Ql. rm&n%ﬁ%c Qgt Esrtﬂi}&%rt%gi; gcgg_@{é qlndtagg(gcnect ed to the
enb

power sw tchi n‘g]ﬁm rcuit selectively opening FO¥Ed cl osi ng
the power sWPTHe: to B¥mAirgte E’ll‘%gesl“ﬂﬂfién%has RATTHNSHL deagneftumetpon of

the tenperatiseisigaghet wherephitderdperioni g tind artaapecdnd Sin (&tﬁﬁﬁgned by
an al ogorithym gtidnt 8dlhe ald, mﬁr@uﬁbéﬂaﬁuﬁ%%&?%ﬁmh%é&%'

commut at i on, %oge ﬁreset ‘?D{??“ 0 & %l that the (l)q%eratl ng m)tor speed
is less tha it AP FuPn S SHR P‘"é?nc?lﬁ'e ﬁ‘ﬁoﬁl OPF ot R B JreNPETRER R IR Fheonl y
to tenperat UREViBPgRarsapd awayddingtzrtquperproset simdlodndtaeingphiect s and
features w I&ebectadpaé&mmx%nt ﬂngon&ﬁ%lpéﬁ:cﬁﬁtnixﬁﬂtﬂih hgreinafter. -
Brief Descri &EE%P%OCEF% I.aéMa r&%TSS Fl C%O t t%@tp Qéezggdsi%hg al Ic?nal view of

an electric )
connected to the power SWltChlng circuit selectively opening



FIG 2 is an exploded perspective view of conponent par iggefpbmpBersioaor of
the notor. FIG. 3 is a vertical cross sectional view of the assenbled
notor'. FIG 4 is the statot and a printed circuit board exploded fromits
install ed position on the stator. FIG 5- is an enlarged, fragnentary view

of the shroud of Fig. 1 as seen fromthe right side. FIG 6 is a side
el evational view of a central |ocator -nenber and rotor shaft bearing. FIG
7 is aright end elevational viewthereof. FIG 8 is a |longitudinal section
of the locator nenber and bearing. FIG 9 is an end view of a stator core
of the stator with the central |ocator nmenber and pol e pieces positioned
by the |ocator nenber shown in phantogm FIG 10 is an opposite end view of
the stator core. FIG 11 is a section taken in the plane including |ine
11-11 of Fig. 10. FIG 12 is a greatly enlarged, fragnentary view of the
nmotor at the junction of a rotor hub wth "the stator. FIG 13 is a section
taken in theaﬁj&]résf‘ﬁ%lt&iﬁiﬁ’eﬂ%tc&%ﬁ ¥3 mptgte Sheshinglagpltse printed
circuit boardinding pharitroiinn ddfvd térhferire sinainyhareln thecdpewtingafioia spaeghe t o a
pr i 2t7 g?MCIP rcg_blétérm&%g Qn bBgdrfhemBhE @l ﬁﬁdmeref@ttmmuc%p%@&o??fﬁ&ﬁﬁ 903 V\Dl "
LLB0 ‘ . ken | n _plane incl uding
line 14-14 of Fig.. 54%%5%4:5% _e{!%]én lg%Eﬁ%rg@9{?#\?@%6&%%81%08%%&5EeéﬁtOm and
i | 1ustrating™a" BoRBFUERTHSNEG BT GY5r@PERse & rsepdsiva opy togempestenpt acl e of t he
shroud. FI G sidils psovitad aftel e presdf pefindigment ary vi ew of the nmotor illustrating

snap connection qf . the,Statorlho k., sUbassel ¥n WidNapparent ana

in part pointed out hereinafter.

Brief Descriptiod of the Drawings

FIG. 1 is an exploded elevational view of an electric
motor in the form of a fan.

FIG. 2 is an exploded perspéctive view of component parts
of a stator of the wotor.
}

Fie. 3 is a vertical cross sectional view of the
assewbled motor:

FIG. 4 is the stator and a printed circuit bvard exploded
from its installed position on the stator.

FIG. & is an enlarged, fragmentary view of the shroud of
Fig. 1 #& seen from the right side.

FIG., 6 is a side elevational view of a central locator
wewber and rotor shaft bearing.

FIG. 7 is a right end elevational view thereof.

FIG. & is a longitudinal section of the locator wmewber
and bearing.

’ FIG. 9 is an end view of a stator core of the stator with

the central locator wmember and pole pieces positioned by the
locator wewber shown in phantom.

FIG. 10 is an opposite end view of the stator core.

FIG. 11 is a section taken in the plane including line
11-11 of Fig. 10.
FIG. 12

ig a greatly enlarged, fragmentary view of the
junction of a rotor hub with the stator.

is a gection taken in the plane including line
13-13 of Fig. S, showing the printed c¢ircuit board in phantom

and illustrating connection of & probe to a printed circuit
board in the ghroud and a stop.

wotor at the
FIG. 13



FIG- 16 is a bl ock diagram of the m croprocessor contrqjégg Shogs 3phase
not or according to the invention. FIG 17 is a schematic dlagranlo

*power suppl ywofootsms#4 not or of Figure 16 according, to the mvEﬁNUsowoaw
Alternatively, the power supply circuit could be nodified for a DC input
or for a non-doubling ACinput. FIG 18 is a schematic diagramof the | ow
vol tage reset for the mcroprocessor of the nmotor of Figure 16 according
to, the invention. FIG 19 is a schematic diagramof the strobe for the
Hal | sensor of the nmotor of Figure 16 according to the invention. FIG 20
is a schematic diagramof the mcroprocessor.of the notor of Figure 16

according to th nventian, ' sghe | ar.

sensor of the %%Forﬁq EE uregké%ébgéﬁ P ﬁﬂ gﬁ%hgllh%en?@%gdﬁﬂng%ﬂgls a
schemati c élﬂagrlamfof‘lgheSHsbeW@Igg ahﬁapr@nteﬂu Féneyitobogamdniratihagptdme
stator of Lhg FF&Q%tQEtEhQUée é@eraeeaa@beartElhaeekgxeBEHOTrdﬂ<a Add s a

fl ow di agram i ustratlng t he operatlon of e m croprocessor of the nDtor
~of the i nvEREEBRaFASachnlBe Bhr@RKAch the notor is comutated at a constant

ai rI fljow rate arig. speed aﬂdehmaggadv\hmagmgﬁtdeﬁl ﬂQldlwbbft &Hee motfdirch

excl ude nant _points i agrami stratin ration
of the m SLOBEbERESBR ShaPhEORBEGEIoR PhetPRvBREFBR/ FRERE SHHTSIERELa: ¢ or
start) in whtbh the safe operating area of the motor is naintained mnthout

current sensinoghy 3kl a0 g piabpumaLLag SePLANDRS2O03OURANLSTSA

PCT/ USOQ 08041 6 ti ne for ower e mni £ e dependi ng
on the spee@ngroihedr §@agler@SQ5mp§0§ BFRPAGLIAGaEPaRNE| ROYENEEORy t he

start up node phEChipr 9¥i degchesAt EcORERGEANTCR! ERe( SEMLrCOUTHly RESRte ON

speed. motor of Figure 16 according. to the invention. Alternatively,
the power supply circuit could be modified for a DC input or
for a non-doubling AC input.

FIG. 18 is a schematic diagram of the low voltage reset
for the mlcroprocessor of the motor of Figure 16 according to
the invention.

FIG. 19 is a schematic diagram of the strobe for the Hall
sensor of the motor of Figure 16 according to the invention.

'~ FIG. 20 is a schematic diagram of the microprocessor of
the motor of Figure 16 according to the invention.

FIG. 21 is a schematic diigram of the Hall sensor of the
motor of Figure 16 according to the invention.

FIG. 22 is a schematic diagram of the H-bridge array of
witches for commutating the stator of the motor of Figure 16
according to the invention.

FIG. 23 is a flow diagram illustrating the operation of
the microprocessor of the motor of the invention in a mode in
which the motor is commutated at a constant air flow rate at a
speed and torque which are defined by tables which exclude
resonant points.

FIG. 24 is a flow diagram illustrating operation of the
microprocessor of the motor of the invention in a run mode
{(after start) in which the safe operating area of the motor is

_ maintained without current sensing by having a minimum off



FIG, 26 is a flow chart of one preferred enbodi nent of lon of
the timng diagramof Figure 25 illustrating the start %%Bﬁt@ﬁ?@t\%ﬁdc%

rovi des a rating area (SOA) control based on speed. FIG 27 is a
Fining diag?gﬁﬁwﬁﬁﬁgtrating the run up made which provides a F&IfiE$00/08041
operating area (SOA) control based on speed. FIG 28 is a flow di agram
illustrating the operation of the m croprqgcessor of the notor of the
invention in a run node started after a preset nunmber of comutations in
the start up node wherein in the run node the m croprocessor comrutates
the switches for N conmutations at a constant commutation period and

wherein the_co tation _period is.adjusted every M commutatigns as, a
function oftﬁwgngﬁﬁeaécPhBOVSFqﬁng E%ecﬁﬁgﬂéﬁmeﬂ#ff¢%W@r§?E@%@1%$mPn

rotor. Correkposgead oéf ehencetolraracters ii.dicate corresponding parts

t hr oughout the d i Ngs. . apl ription,of the Preferred Enbodi nents
Ref erri ng now to%?ﬁné g?’a&mggés#Lgnagfﬁgsgfgtapcﬁﬂ'g}m%tgaﬁﬁég the SPsE W

el ectri c nonede2ghéehsprovidesascerfiengpevatheg prierci {8Gf%) ofomtwen lprissssd

invention ipggldgesga stator 22, a rotor 24 and a housing 26 (the reference

numeral s designating _their subjects generally). In the illustrated
enbodi ment, the FEBt 0$6185i3 BiovhehaypechinPeR Prefessd miprdinento o he

out si de of izhplém@ﬁ@ati@ﬁdofStﬁaowm'm%t Beafeam of #ifffre ASCOrLidtGabidde
rotor 24 ingcludes hub 28.havj ng, fan bladeSs 30 _forned integrally
thercwi th AT proFEbt TRGTPAG YH Ghf PEAYLERE AUBSETHORRIFDNA RIS Sdes

30 are forneenasobneapedcen Ssppeedenber 2003 WO 00/ 57544 7 22 which will be

T P oh o oL 91 lRihd SERBefh 5808000 A4 MR LS,

shaft 32 i ¥hiehpreevides e $afbe operating area (SOA) control based on
speed.

FIG. 28 is a flow diagram illustrating the operation of
the microprocessor of the motor of the invention in a run mode
started after a preset number of commutations in the start up
mode wherein in the run mode the microprocessor commutates the
switches for N commutations at a constant commutation period
and wherein the commutation period is adjusted every M
commutations as a function of the speed, the torque or the
constant air flow rate of the rotor. '

Corresponding reference characters indicate corresponding

- parts throughout the drawings.

Detailed Description of the Preferred Embodiments

Referring now to the drawings, and in particular to Figs.
1 and 3, an electric motor 20 constructed according to the
principles of the present invention includes a stator 22, a
rotor 24 and a housing 26 (the reference numerals designating
thei; subjects generally). In the illustrated embodiment, the
motor 10 is of the type which the rotor magnet is on the
outside of the stator, and is shown in the form of a fan.
Accordingly, the rotor 24 includes a hub 28 having fan blades
30 formed integrally therewith and projecting radially from
the hub. The hub 28 and fan blades 30 are formed as one piece



28 by a insert 34 which is nolded into the hub, along w of the
shaf¥ when the hub and fan bl ades 30 are forned. A lwncﬁgﬁggﬁb?ﬁggS

*expl oded fromobbs7seaotor in Fig. 1 includes a nmagneti ¢ nat er i BCT/ABE/d8AN
backi ng. For sinplicity, the rotor nagnet 35 is shown as a unitary
material in the drawi ngs. The back iron is also nolded into the hub is
formed. The stator, below, is material. PCTIUSOCD 08041 hub cavity at the
time the described in further detail substantially encapsulated in a

t hermopl astic The encapsul ating material also forns | egs 36 projecting
axially of the stator 22. The legs 36 each have a catch 38 formed at the

di stal end gf tB%lVHéry%lMA€Ef¥£ cir ”“992%?éﬂﬁgﬁr§L'%Bénghﬁaéﬁg at 40,

is recelved bet ween the legs 36 in t asse incl udes
conponent s 9efinegt & ééé’tltd’nelfbfwwltkﬁl@t}ﬁ?bgﬁ%%bﬁé igoneurtednon Hehe

board. A fiarger o44 theohed i (18id oM t herfRoadh AD IPUNL S8 dlahdd @&V&ﬁ?ee K
which is rgﬁméyed i.nsi de the enca sul ati.on mhen the circuit board

di sposed b ¥n3t FBSEEEs 3% Bt Gthe Smnisted Antq nthechulscmbrg ‘fﬁﬁl'brtl'lﬁo
the Hall dewdcef46his shafel egfen wlrmﬁ Yarid fde BDA@Es NBYNSEe Soddq Use i n

detectin | | t aon t he eration of the nptor e stator
22 al sogl %%ES%G E(t:Ben r%alegi oc'lcé{ gro gé"'r?é:ﬁﬂl i it¥ cat e’d‘%?tu‘;] 2 and
a beari ng Begaetiadmabierhatthariddatar bemitierg.i s Fomlslﬂtblil&na:}bﬁammg:cﬁibr
receives t o] f |

i ves t heghQt085Shal khddmd fys%g %téwh%&%rn%ﬁ Z%Eitg@%e'};%m g{gﬁe e

24 on the stator to form a subasse The rotor 2:
22 by an EP2EK pr8D At a&ﬁ@dwqﬁ%%%w {FRVIEY At dthertime jthe
inserted thubugh tbemgHator. The hou5|ng 26 includes a cup 54 joined by

three spokes S‘thcta osggtggr’lulzar wrh:L .‘Ll-Eh e %lé%sri 6e§m:9n anznrutlhaerr rcllentga.SJ.81

below, is substantially encapsulated in a thermoplastic
material. The encapsulating material also forms legs 36
projecting axially of the stator 22. The legs 36 each have a
catch 38 formed at the distal end of the leg. A printed
circuit board generally indicated at 40, is received between
the legs 36 in the assembled motor 10, and includes components
42, at least one of which is programmable, mounted on the
board. A finger 44 projecting from the board 40 mounts a Hall
device 46 which is received inside the encapsulation when the
circuit board is disposed between the legs 36 of the stator
22. In the assembled motor 10, the Hall device 46 is in close
proximity to the rotor magnet 35 for use in detecting rotor
position to control the operation of the motor. The stator 22
also includes a central locator member geherally indicated at
48, and a bearing 50 around which the locator member is
molded. The bearing 50 receives the rotor shaft 32 through
the stator 22 for mounting the rotor 24 6n the stator to form
a subassembly. The rotor 24 is held on the stator 22 by an E
clip 52 attached to the free end of the rotor after it is
inserted through the stator.

The housing 26 includes a cup 54 joined by three spokes
56 to an annular rim 58. The spokes 56 and annular rim 58
generally define a shroud around the fan blades 30 when the



genefally define a shroud around the fan bl ades 30 when Jgde 9
2003 WD 00/ 57544 PCT/ US00/ 08041 8 notor 10 is assenbl ed. #‘?Pé %ﬁ%%@gbspokes

56 and annul o §i89s4p8 are forned as-one piece froma pol ymerig- @ty L in
the illustrated enbodiment. The cup 54 is substantially cIosI§: ﬁ@ﬂ%

left end (as shown in Figs. 1 and 3), but open on the right end so that
the cup can receive a portion of the stator/rotor subassenbly. The annul ar
rimb58 has openings 60 for receiving fast®eners through the rimto nount
the notor in a desired location, such as in a refrigerated case (not
shown). The interior of the cup 54 is forned wi th guide channels 62 (Fig.
5) which receive respective | egs 36. shoul der 64 is forned in each guide

channel 62TR&E&TY t4fe 3§ ATRPMRIRE of 'It'l'ﬁ?‘e AR SH WPRe 2Ny id t HBNLERENT B on
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the cup 54 n1the 0 toward the osed end o C so.t hat
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positions ichet ﬂefa:smd)l Eds neticovn 1t0 Rigysholld am Tht dhes GBeonon hehe

shoul der s 6 C 4 (Fi 5
permt a tgéﬁ ?@trld %Eje P?'QTS l% d"ﬁ’s JL[%? %eldv%e érélbg’pc%%; tfﬁ'f\e(l egs 325
of f of thetekeal/derts16EYrsgantdasi ng}‘hﬂm@mtrm ¥ has Jpenings 60

stator/rot gbrSRRES&ARlY FdHNBdS HHrou ?’HJ%hé trif ROSHUHE thO motor in
nondestructivel y di sassenbl e the notor repair or_ reconfiguration

(e.g., such gdestyedepief@niPt St ffed® & FRETIIRFAPUGRSThE Mt or may
be" reassen‘ﬁhedrnby ST VinteRtitgerds nhel ey eus f@ fsrred h&&u@@fﬁémtl |
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Wil be exgAseds! @ribldly dOlHian AeRge AR NP LAY Ut bY
spraying water into the“case.
connect the leg to the cup (see Figs. 3 and 16). The diameter
of the cup 54 narrows from the open toward the closed end of
the cup so that the legs 36 are resiliently deflected radially
inwardly from their relaxed positions in Ehe assembled motor
10 to hold the catches 38 on the shoulders 64. Small openings
66 in the closed end of the cup 54 (Fig. 5) permit a tool (not
shown) to be inserted into the cup to pry the legs 36 off of
the shoulders 64 for releasing the connection of the
stator/rotor subassembly from the cup. Thus, it is possible
to nondestructively disassemble the motor 10 for repair or
reconfiguration (e.g., such as by replacing the printed
circuit board 40). The motor may be reassembled by simply
reinserting the legs 36 into the cup 54 until they snap into
connection.

One application for which the motor 10 of the illustrated
in the particular embodiment is particularly adapted, is as an
evaporator fan in a refrigerated case. In this ehvironment,
the motor will be exposed to water. For instance, the case
may be cleaned out by spraying water into the case. Water
tends to be sprayed onto the motor 10 from above and to the,
right of the motor in the orientation shown in Fig. 3, and
potentially may enter the motor wherever there is an opening



tends to be sprayed onto the notor 10 from above and tos%§aﬁem5é 3of t he
motor in the orientation shown in Fig. 3, and potentially nay énter the
sot or wher eweo ob/BBue 1S an opening 9 Sept enber 2003 WO 00/ 5758 T0500/08041
PCT/ USOQ' 08041 9 or joint in the construction of the notor. The

encapsul ation of the stator 22 provides protection, but it is desirable to
limt the anmount of water which enters thenotor. One possible site for
entry of what is at the junction of the hub 28 of the rotor and the stator
22. An enlarged fragnentary view of this junction is shown in Fig. 12. The
thernoplastic material encapsulating the stator is fornmed at this junction
| todcrﬁate axt glbtjrmu?rpattl-te Gfondhremisn c&fStKhdétrgaﬁbi'S f:::.méreehh capsehaexdends
radially ou rom t stat.or. An outer. edge 72.0f. 1 ' 70_is
bovel ed” 5o SEn P a ah reb e s HRersTEies. PeiT st QP SESPH] off ¢ he
junction. Thaidpémengendmwnivggmmivhidie enrersttilon mdtahe Qrator/rotor
subassenbl : rels r i . | . ent r
i'nto the cégts%ﬁ%rgg %l%ﬁesa;%r?ne?le%fd;ﬁ vﬂ%gthéeu%?g%% Ho%%%ﬁeé%i%%}l@w
board. The28ppifntd&@ HAEH tasbdte 4052493 2Ri n ifagmentany

encapsul at 64 el0 o’ @18 FunddiYR N HHdwh ﬂ?"!;eiégf! 121 ifhe Sihddmepriesi @bl e
for substantial water to enter, the cup. Accor

I ngly, . the eni ngs 66 are
cont i gur edTRS SFRLDSRCART SR SHRIEE 11 GIOIEG it 8 5 TR |y
enl arged vtewcrekhtena dortheuwEpeatlgEH6 Mmweover AH adkiptoul eriedfiertsdh
and a radjgally i d a T Le i P1 ' as an
angle to a{"% gﬁe e%g%é-léiﬁsegga[:ﬁ%q&a{r %Q&ST&E'?%'? h%f&? o%?t%oalegr.\&gﬁ' ax%méggg?{:e
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that the water Ras no direct path to enter the ‘opening 66 when it travels
in a path nmaki ngt&nCRSRELT A5 Ch farmgh Ithe (grnmediak et Hd]i de of

the cup 54statop@gsteresubisserlydto e released are potentially
susceptible to entry of water into the cup where it may
interfere with the operation of the circuit board. The
printed circuit board 40, including the components 42, is
encapsulated to protect it from moisture. However, it is
still undesirable for substantial water to enter the cup.
Accordingly, the openings 66 are configured tec inhibit entry
of water. Referring now to Fig. 15, a greatly enlarged view
of one of the openings 66 shows a radially outer edge 66a and
a radially inner edge é6b. These edges lie in a plane Pl
which has an angle to a plane P2 generally parallel to the
longitudinal axis of the rotor shaft of at least about 45°.
It is believed that water is sprayed onto the motcor at an
angle of no greater than 45°. Thus, it may be seen that the
water has no direct path to enter the opening 66 when it
travels in a path making an angle of 45° or less will either
strike the side of the cup 54, or pass over the opening, but
will not enter the opening.

The cup 54 of the housing 26 is also constructed to
inhibit motor failures which can be caused by the formation of
ice within the cup when the motor 10 is used in a refrigerated
environment. More particularly, the printed circuit board 40



will. not enter the opening. The cup 54 of the housing 2
constructed to inhibit nmotor failures which can be cauga éc"jépbg‘ln?‘-i‘ll'ezol‘oormat i on

of ice W thiyyjdt8sgup When the nmotor 10 is used in a refrlge géﬁg
environment. More particularly, the printed circuit board 40 3’ ept PYUPE9EL

2003 WO 00/ 57544 PCTI USO0/ 08041 10 has power contacts 74 nmounted on and
projecting outwardly from the circuit bo§rd (Fig. 4). These contacts are
aligned with an inner end of a plug receptacle 76 which is formed in the
cup 54. Referring to Fig. 14, the receptacle 76 receives a plug 78
connected to an electrical power source renmpote from the notor. External

controls (g{)t shown are also ?nnectg g to thcg rinted. circuit bagrd 40
t hrough th 9HR aFEEeg alret7edany %%e‘?%"ﬂnguEHPF ¥ohdPhyg,
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plug 78 and I|mt t he depth of iInsert]on lug 1nto the receptacle.
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fLe plug receptacle 76 is
formed with tabs 80 (near its inner end) which engage the plug
78 and limit the'depth of insertion of the plug into the
receptacle. As a result, the plug 78 is spaced from the
printed circuit board 40 even when it is fully inserted in the
plug receptacle 76. In the preferred embodiment, the spacing
is about 0.2 inches. However, it is believed that a spacing
-of about 0.05 inches would work satisfactorily.
Notwithstanding the partial reception of the power contact: 74
in the plug 78, electrical connection is made. The exposed
portions of the power contacts 74, which are made of metal,

- tend to be subject to the formation of ice when the motor 10
is used in certain refrigeration environments. However,
because the plug 78 and circuit board 40 are spaced, the
formation of ice does not build pressure between the plug and
the circuit board which would push the plug further away from
the circuit board, causing electrical disconnection. Ice may
and will still form on the exposed power contacts 74, but this
will not cause disconnection, or damage to the printed circuit
board 40 or the plug 78. '

As shown in Fig. 13, the printed circuit board 40 also
has a separate set of contacts 82 used for programming the



the circuit board which would push the plug further awa I rcuit
board, causing electrical disconnection. |Ice may and\£%$é@§%F%h$§§nlon

t he exposed peyWwisiggntacts 74, but this will not cause di scoppegisi®bosPr
damage to the printed circuit board 40 or the plug 78. As shown in Fig.

13, the printed circuit board 40 also has a separate set of contacts 82
used for programm ng the 9 Septenber 20031¥D 00/ 57544 PCTI USCQO 08041 11
notor 10. These contacts 82. are aligned With a tubular port 84 forned in
thé cup 54 which is normally closed by a stop 86 renovably received in the
port. When the stop 86 is renoved the port can receive a probe 88 into

connection with the contacts 82 on th circq%%.boa d 40 Thg robe 88._is
connect ed tBECHi P opr 68EEEoFOBF2EHE ??k%r?( %g%%%wm}tPo? BEHZ?gnﬁPﬁé or,
i nportant | ygareopredr annthg tbe Spewhiclon ofnotthel hpt otosafit by &t skepf 86l y
assenbl ed. For _instance, th e o] e hapg

del ay pri orr?f8°"§$f5¥t Fﬁseégﬁdbigcﬁa%gé#@Anm% %)?%W%?%Bi ﬁgt Eg ggﬁ?ggta of
refrigerationei sortacanheeneive aaproke s pintpe arvrmecbionpel bhetbh
different |OBHLacBUCHasnWORD dedmaf dsdinsted s AHD! O¥ede FBesaresence of

t he port 84 and renovable stop | ow the notor to be re- ro?rgnned | ong
after finalCoRReABE] COf 2t RECHOPEPCEFTOY Y ettt bFe of BPRheSHBWBY RTa given

appl i cati onprd&eamiai hg8dri SikeyLEasOl{ hate ifeodrahei sanche bpeeutédni of
only one ma%hlntg theagogt.,€s.shg%g;§n Fg , g Fh gey.ls nanlfgﬁted_as a
trough 90 onPRMBCEPHe26FSFhit pbftt'éa 1?ﬁeéw9 F2 hash tBFFEESSAdFRS ri dge
whi ch is respéa@dof nthéemotonugan vibenchiarged ober i sherdehaedpraorheopr oper
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proper |y or¥eftritgeration| isnvhabethecedtel 30 Racrpupyoggammed to
operate on different input, such as when demand defrost is
~ employed. The presence of the port 84 and removable stop 86
_allow the motor to be re-programmed long after final assembly
of the motor and installation of the motor in a given
application.

The port 84 is keyed so that the probe can be inserted in
only one way into the port. As shown in Fig. 5, the key is
manifested as a trough 90 on one side of the port 84. The
probe has a corresponding ridge which is received in tle
trough when the probe is oriented in the proper way relative
to the trough. In this way, it is not possible to incorrectly
connect the probe 88 to the programming contacts. If the
probe'ss is not properly oriented, it will not be received in
the port 84. . _

As shown in Fig. 2, the stator includes a stator core (or
bobbin), generally indicated at 92, made of a polymeric
material and a winding 94 wound around the core. The winding
leads are terminated at a terminal pocket 96 formed as one
piece with the stator core 92 by terminal pins 98 received in
the terminal pocket. The terminal pins 98 are attached in a
suitable manner, such as by soldering to the printed circuit
board 40. However, it is to be understood that other ways of
making the electrical connection can be used without departing



As shown in Fig. 2, the stator includes a stator core (g )
generally indicated at 92, nmade of a polyneric nmaterial Sﬁ@@MbéFQg% ng 94
wound aroundrﬁgﬁmgg&e“ The winding leads are termnated at a term nal
pocket 96 fo one piece with the stator core 92 by ter MGTAISHOME1 98
received in the term nal pocket. The term nal pins 98 are attached in a
sui tabl e manner, such as by soldering to the printed circuit board 40.
However, it is to be understood that other2nays of rmaking the el ectrical
connection can be used w thout departing 9 Septenber 2003 WO 00/ 57544
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that a plug-in type connection (not shown) could be used so that no
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of each pole pie
_ The lamlnatlons are secured together in a suitable manner,

such as by welding or mechanical interlock. One form of
lamination (having a long radially outer leg) forms the middle
portion of the pole piece 100 and another form of lamination
forms the side portions. It will be noted that one pole piece
{(designated 100' in Fig. 2) does not have one side porticm.
This is done intentionally to leave a space for insertion of
the Hall device 46, as described hereinafter. The peole pieces
100 are mounted on respective ends of the stator core 22 so
that the radially inner leg 100a of each pole piece is
received in a central opening 102 of the stator core and the
radially outer leg 100b extends axially along the outside of
the stator core across a portion of the winding. The middle
portion of the radially outwardly facing side of the radially
outer leg 100b, which is nearest to the rotor magnet 3% in the
assembled motor, is formed with a notch 100d. Magnetically,
the notch 100d facilitates positive location of the rotor
magnet 35 relative to the pole pieces 100 when the motor is
stopped. The pole pieces could also be molded from magnetic
material without departing from the scope of the present
‘invention. In certain, low power applications, there could be
a single pole piece stamped from metal (not shown), but having



received in a central opening 102 of the stator core ang g jrdhal Y
outer leg 100b extends axially along the outside of the §$§?%Fé§%$% across

a portion ofwigwsmssdi Nng. The middle portion of the radiallypoutsednsthys
facing side of the radially outer |leg 100b, which is nearest to the rotor

magnet 35 in the assenbled notor, is formed with a notch 100d.
Magnetically, the notch 100d facilitates positive |ocation of the rotor
magnet 35 relative to the pole pieces 1003hen the notor is stopped. The
pol'e pieces could also be nolded frommagnetic material without departing
fromthe scope of the present ,invention. In certain, |ow power
applications, there could be a single pole piece stanped from netal (not
shown), butmbtimige o Sept enfrepr Robsa \GiebisyEa 4t PETPOBe0rd8081Lest ndPYRp| e
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per manent . received in a respective seat 104a formed in the locator
member 104 to accépt the middle portion of the pole piece.
The seats 104z are arranged to position the pole pieces 100
asymmetrically about the locator member 104. No plane
passing through the longitudinal axis of the locator member
104 and intersecting the seat 104a perpendicularly bisects the
seat, or the pole piece 100 located by the seat. As a result,
the gap between the radially outer legs 100b and the permanent .
magnet 35 of the rotor 24 is asymmetric to facilitate starting
" the motor. |

The radially outer edge of the inner leg 100a engages

ribs 106 on the inner diameter of ﬁhe stator core central
opening 102. The configuration of the ribs 106 is best seen
in Figs. 9-11. A pair of ribs (106a, 10€b, etc.} is provided
for each pole piece 100. The differing angulation of the
ribs 106 apparent from Figs. 9 and 10 reflects the angular
offset of the pole pieces 100. The pole pieces and central
locator member 104 have been shown in phantom in Fig. 9 to
illustrate how each pair is associated with a particular pole
piece on one end of the stator core. One of the ribs 1064’, is
particularly constructed for location of the unbalanced pole
piece 100', and is engageable with the side of the inner leg



nagnet 35 of the rotor 24 is asymmetric to facilitate st not or .
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of the ribs 106 is best seen in Figs. 9-11. A pair of ribs (%E%ng@@@g?

etc.) is provided for each pole piece 100. The differing angul ation of the
ribs 106 apparent fromFigs. 9 and 10 reflects the angular offset of the
pol e pi eces 100. The pole pieces and centir@ |ocator nenber 104 have been
shown in phantomin Fig. 9 to illustrate how each pair is associated with
a particular pole piece on one end of the stator core. One of the ribs
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end sections I C ubst ant 1 al e Ssane angu arI Yy
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for each of_the four Ighglggggcgogogg 9éaach PE of t he 3tator core 92 to

fit ontotfpeerslt% rring now to Figs. 6-8,
the central locator member 104 has opposite end sections which
have substantially the same shape, but are angularly offset by
45° about the longitudinal axis of the central locator member
(see particularly Fig. 7). The offset provides the
corresponding offset for each of the four pole pieces 100 on
each end of the stator core 92 to fit onto the stator core
without interfering with one of the pole pieces on the
opposite end. It is apparent that the angular offset is
determined by the number of pole pieces 100 (i.e., 360°
divided by the number of pole pieces), and would be different
if a different number of pole pieces were empioyed. The shape
of the central locator member 104 would be corresponding
changed to accommodate a different number of pole pieces 100.
'As shown in Fig. 8, the central locator member 104 is molded
around a metal rotor shaft bearing 110 which is self
lubricating for the life of the motor 10. The stator core 92,
winding 94, pole pieces 100, central locator member 104 and
bearing 110 are all encapsulated in a thermoplastic material
to form the stator 22. The ends of the rotor shaft bearing
110 are not covered with the encapsulating material so that
the rotor shaft 32 may be received through the bearing to
mount the rotor 24 on the stator 22 (see Fig. 3}.



T

mﬁthoht interfering wwth one of the pole pieces on the ' It is
apparent, ‘that the angular offset is determ ned by the éﬂ%%géhééﬁg@se

i eces 100 (woan/s7380 divided by the nunber of pole pieces),PGrtistmsb4d be
different if a different nunber of pole pieces were enployed. The shape

of the central |ocator nenber 104 woul d be corresponding changed to
accommodate a different nunber of pole piecegg100. As shown in Fig. 8, the
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spokes 56 and annular rim as one pirece. The cup 54 1s formhed
internal |y wi tietamsshatt (33 g hayinghitdie dmseredd Gt SFUMTHRY e prPhted
circuit boardfy g V8 lake SASBILRGE hardmdiled Grdiid tnarnfhdlet s3s
formed in a C%%\éieq:%tocngl sl'rlg.i tne3r2 bglo that they are held securely on the hub.
The housing 26 is also formed by molding the cup 54, spokes 56
and annular rim 58 as one piece. The cup 54 is formed
internally with ribs 112 (Fig; 5) which are used-for securing
the prinﬁed circuit board 40, as will be described. The
printed circuit board 40 is formed in a conventional manner by
connection of the components 42 to the board._ In the
preferred embodiment, the programming contacts 82 and the
power contacts 74 are shot inte the circuit board 40, rather
than being mounted by soldering (Fig. 4). The Hall device 46
is mounted on the finger 44 extending from the board and
electrically connected to components 42 on the board.
The stator 22 includes several component parts which are
formed prior to a stator assembly. The central locator member
104 is formed by molding around the bearing 110, which is made
" of bronze. The ends of the bearing 110 protrude from the
locator member 104. The bearing 110 is then impregnated with
lubricant sufficient to last the lifetime of the motor 10.
The stator core 92 (or bobbin} is molded and wound with magnet
wire and terminated to form the winding 94 on the stator core.
The pole pieces 100 are formed by stamping multiple, thin,
generally U-shaped laminations from a web of steel. The



connection of the conponents 42 to the board. In the pg eyppgdi ment
the programm ng contacts 82 and the power contacts 74 éﬁ%ﬁg o?glntg t he
circuit board 40, rather than being nmounted by soldering (Fig. 4). The

Hal | device 460 od/§7sipunted on the finger 44 extending fromthep @ﬂgg /R0H
electrically connected to conmponents 42 on the board. The stato

I ncl udes several conponent parts which are fornmed prior to a stator
assenbly. The central |ocator nenber 104Ei€ formed by nol di ng around the
bearing 110, which is nade of bronze. nds of the bearing 110. protrude
fromthe | ocator nenber 104. The bearing 110 is then inpregnated with

| ubricant sufficient to last the lifetime of the notor 10. The stator core

92 (or bobb& Q i s nol ded and und Yﬂ gnet  wire and ternmnated to form
the wi ndi ngl8#iBAtLRBSs AEEOPTE ?Eab rh@aﬁ‘é Tht¥o. difgerant (5RTR% RS

st anpi ng. nakkcpibedt Abbyve. gemhealhmlhlaslia:md arenstaldkes togt eredhdf
steel. The 8 igghe e%O%%Og @0 ﬁéé USCEYOSgé Is.lamnations are
preferably WEUESHn“Pws°als Feren CaESEFPD nations
Ianinationshavéngtabhe&ongggth@teanhegmehdeW1ﬁarfammm&adhg}ﬁdnmmnbrmmdﬂle
pi ece 100, {,@tkaﬁgna@ eRs pgﬁg'% ?&as P A S F}ﬂ;edc% 1delid €o
forn1ng m ortions of | eces. i'ece

is forned ﬁpmeét weﬁéosli:denﬁoﬂqi%npestf-ﬁat sg §ba@e awsmac@e Wigkk be grefithe
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press fixture (n four mhich wi |l be nmounted
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the central 3ppe8p"0adf2t Odbd ke what will become the axis of rotation of
the rotor shaft 32. The pole pieces 100 are positioned so
that they open upwardly. The central locator member 104 and
bearing 110 are placed in the fixture in a required
orientation and extend through the central opening 102 of the
stator core 92. The radially inner edges of the middle
portions of the inner legs 100a of the pole pieces are
received in respective seats 104a formed on one end of the
central locator member 104. The wound stator core 92 is set
" into the fixture generally on top of the pole pieces
previously placed in the fixture. The other four pole pieces
100 are placed in the fixture above the stator core 92, but in
the same angular position they will assume relative to the
stator core when assembly is complete. The pole pieces 100
above the stator core 92 open downwardly and are positioned at
locations which are 45° offset from the positions of the pole
pieces at the bottom of the fixture.

The press fixture is closed and activated to push the
pole pieces 100 onto the stator core 92. ' The radially inner
edges of the inner legs 100a of the pole pieces 100 engage
their respective seats 104a of the central locator member.
The seat 104a sets the radial position of the pole piece 100
it engages. The inner legs 100a of the pole pieces 100 enter



stator core 92. The radially inner edges of the mddle Rhst he
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the pole pieces and the rotor magnet 35 as small as possible
without mechanical interference of the stator 22 and rotor 24.
The assembled stator core 92, pole pieces 100, central
locator member 104 and bearing 110 are placed in a mold and
substantially encapsulated in a suitable fire resistant
thermoplastic. In some applications, the mold material may
not have to be fire resistant. The ends of the bearing 110
are covered in the molding process and remain free of the
encapsulating material. The terminal pins 98 for making
electrical connection with the winding 94 are also not
completely covered by the encapsulating material (see Fig. 4).
The skirt 70 and legs 36 are formed out of the same material
which encapsulates the remainder of the stator. The legs 36
are preferably relatively long, constituting approximately one
third of the length of the finished, encapsulated stator.
Their length permits the legs 36 to be made thicker for a more
robust construction, while permitting the necessary resilient
bending needed for snap connectien to the housing 26. 1In
addition to the legs'36 and skirt 70, two positioning tangs
114 are formed which project axially in the same direction, as
the legs and require the stator 22 to be in a particular
angular orientation relative to the housing 26 when the
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stator 22outwardly toward the open end of the hub 28. The stator 22 is

then dropped into the hub 28, with the rotor shaft 22 being
received through the bearing 110 at the center of the stator.
One end of the bearing 110 engages the low friction side of
the thrust washer 120 So that the hub 28 can rotate freely
with respect to the bearing. Another thrust washer 122 is
placed on the free end of the bearing 110 and the E clip 52 is
shaped onto the end of the rotor shaft 32 so that the shaft
cannot pass back through the bearing. Thus, the rotor 24 is
securely mounted on the stator 22. ‘
The printed circuit board 40 is secured to the

., stator/rotor subassembly. The assembly of the printed circuit
board 40 is illustrated in Fig. 4, except that the rotor 24
has been removed for clarity of illustration. The printed
circuit board 40 is pushed between the three legs 36 of the
stator 22. The finger 44 of the circuit board 40 is received
in an opening 124 formed in the encapsulation so that the Hall
device 46 on the end of the finger is positioned within the
encapsulation next to the unbalanced pole piece 100', which
was made without one side porticn so that space would be
provided for the Hall device. The side of the circuit board
40 nearest the stator 22 engages the blocks 116 and posts 118



The .low friction material side of the washer 120 faces L all gﬂbﬁardly
toward the open end of the hub 28. The stator 22 is %ﬁ%ﬂ to the
‘hub 28, wit hwigwesstrssor shaft 32 being received through the bearwssokifl at
the center of the stator. One end of the bearing. 110 engages the | ow
friction side of the thrust washer 120 to that the hub 28 can rotate
freely wth respect to the bearing. Another thrust washer 122 is placed
on the free end of the bearing 110 and t E clip 52 is shaped onto the
end of the rotor shaft 32 so that the shaft cannot pass back through the
" bearing. Thus, the rotor 24 is securely nmounted on the stator 22. The
printed circuit bgird 40 i s secured to the stator/rotor subass%ﬁbly The
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stator/rotor subassenbly and the printed ¢ircu
aligned with recesses 128 formed in the cup (see Figs. 5 and
14). The legs 36 will be received in the cup 54 in only one
‘orientation because of the presence of the tangs 114. The
stator/rotor subassembly is pushed intoc the cup 54. The free
-ends of the legs 36 are beveled on their outer ends to
facilitate entry of the legs into the cup 54. The cup tapers
slightly toward its closed end and the legs 36 are deflected

- radially inwardly from their relaxed configurations when they
enter the cup and as they are pushed further inte it. When
the catch 38 at the end of each leg clears the shoulder 64 at
the inner end of the channel 62, the leg 36 snaps radially
outwardly so that the catch engages the shoulder. The leg 36
is still deflected from its relaxed position so that it is’
biased radially outwardly to hold the catch 38 on the shoulder
64. The engagement of the catch 38 with the shoulder 64
prevents the stator/rotor subassembly, and printed circuit
board 40 from being withdrawn from the cup 54. The motor 10
is now fully assembled, without the use of any fasteners, by
snap together construction. _

The printed circuit board 40 is secured in place by an,

interference fit with the ribs 112 in the cup .54. As the
stator/rqtor assembly advances into the cup 54, peripheral



board 40 are then connected to the housing 26 to conple |y of
the notor. The legs 36 are aligned with. respective ch%ﬁ&%¥§n%%%$ﬁg?he cup

54 and the t are aligned with recesses 128 forned in_the cu (see
Figs.. 5 andaR%@$$&¢he legs 36 will be received in the cup 54 GG @
orientation because of the presence of the tangs 114. The stator/rotor
subassenbly is pushed into the cup 54. The free ends of the |legs 36 are
beveled on their outer ends to facilitabg entry of the legs into the cup
54. The cup tapers slightly toward its closed end and the |legs 36. are

deflected radially inwardly fromtheir rel axed configurations when they
enter the cup and as they are pushed further into it. Wien the catch 38 at
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shown) formed on the stator 22 may extend through the circuit
board and receive a push nut thereon against the circuit board
to fix the circuit board on the stator.

In the preferred embodiment, the motor 10 has not been
programmed or tested prior to the final assembly of the motor.
Following assembly, a ganged connector (not shown; but

'essentially a probe 88 and a power plug 78) is connected to
the printed circuit board 44 through the port and plug
recaptacle 76. The motor is then programmed, such as by
setting the speed and the start delay, and tested. If the
circuit board 40 is found to be defective, it is possible to
non-czstructively disassemble the motor and replace the
circuit board without discarding other parts of the motor.
This can be done be inserting a tool (not shown) into the
openings 66 in the closed end of the cup 54 and prying the
catches 38 off the shoulders 64. If the motor passes the
quality assurance tests, the stop 86 is placed in the port 84
and the motor is prepared for shipping.

It is possible with the motor of the present invention,
to re-program the motor 10 after it has been shipped from the
motor assembly site. The end user, such as a refrigerated
case manufacturer, can remove the stop 86 from the port.84 and



The pfogranning contacts 82 are thUs aligned with the p@ﬁ% he
power contacts 74 are aligned with the plug receptacle Iﬁ%“?%gggép 54.
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a post (not shown) forned on the stator 22 may extend through the circuit
board and receive a push nut thereon against the circuit board to fix the
circuit board on the stator. In the prefegrred enbodi nent, the notor 10 has
not been programred or tested prior to the final assenbly of the notor.
Fol | owi ng assenbly, a ganged connector (not shown; but essentially a probe
88 and a power plug 78) is connected to the printed circuit board 44
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t he notor 'S such’as rn-a’refriger
is shown) on the sides of the plug 78 are received in slots on

‘respective sides of a tongue 132 to lock the plug in the plug
receptacle 76. Prior to engaging the printed circuit board
40, the plug 78 engages the locating tabs 80 in the plug
receptacle 76 so that in its fully inserted position, the plug
is spaced from the printed circuit board. As a result, the
power contacts 74 are inserted far enough into the plug 78 to

~ make electrical connection, but are not fully received in the

. plug. Therefore, although ice can form on the power contacts

* 74 in the refrigerated case environment, it will not build up
between the plug 78 and the circuit board 40 causing
disconnection and/or damage.

Figure 16 is a block diagram of the microprocessor
controlled single phase motor 500 according to the invention.
The motor 500 is powered by an AC power source 501. The motor
£00 includes a stator 502 having a single phase winding. The
direct current power from the source 501 is supplied to a
power switching circuit via a power supply circuit 503. The
power switching circuit may be any circuit for commutating the
stator 502 such as an H-bridge 504 having power switches for
selectively connecting the dc power source 501 to the single
phase winding of the stator 502. A permanent magnet rotor 506
is in magnetic coupling relation to the stator and is rotated



case, by inserting fasteners (not shown) through the opgh -3 the
annular rim58 and into the case. Thus, the housing 26%ﬂ%R%%B% ﬁgbgf

supporting t Lige notor through connection of the annular ri a
support stru@?u@g.%he notor is connected to a power source F‘“psﬁ‘g’%%"gb

the plug 78 into the plug receptacle 76 (Fig. 14). Detents 130 (only one
I's shown) on the sides of the plug 78 are received in slots on respective
sides of a tongue 132 to |ock the plug in2ghe plug- receptacle 76. Prior to
engaging the printed circuit board 40, the plug 78 engages the | ocating
tabs 80 in the plug receptacle 76 so that inits fully inserted position,
the plug is spaced fromthe printed circuit board. As a result, the power
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receiving the position signal via line 510. The
microprocessor 514 is connected to the H-bridge 504 for
selectively commutating the power switches thereof to
commutate the single phase winding of the stator 502 as a
function of the position signal.

Voltage VDD to the microprocessor 514 is provided via
line 51§ from the power supply circuit 503. A low voltage
reset circuit 518 monitors the voltage VDD on line 516 and
applied to the microprocessor 514. The reset circuit 518
selectively resets the microprocessor 514 when the voltage VDD
applied to the microprocessor via line 516 transitions from
below a predetermined threshold to above the predetermined
threshold. The threshold is generally the minimum voltage
required by the microprocessor 514 to operate. Therefore, the
purpose of the reset circuit 518 is to maintain operation and
re-establish operation of the microprocessor in the event that
the voltage VDD supplied via line 516 drops below the preset
minimum required by the microprocessor 514 to operate.

Optiocnally, to save power, the hall sensor 508 may be
intermittently powered by a hall strobe 520 controlled by the
microprocessor 514 to pulse width modulate the bower applied
to the hall sensor.
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rotor rotates about the interior stator. However, it is QQﬁﬁ | at ed
that the rotor may be located within and internal to an e ternal ator. A

posi tion SenﬁQﬂwﬁ%ﬁQ as a hall sensor 508 is positioned on- teﬁﬁﬁEﬂHSQHSOZ

for detecting thé position of the rotor 506 relative to the

for providing a position signal via line 510 indicating the detected
position of the rotor 506. Reference character 512 generally refers to a
control . circuit including a mcroprocess§f 514 responsive to and
receiving the position signal via line 510. The mcroprocessor 514 is
connected to the H bridge 504 for selectively commutating the power
‘switches thereof to commutate the single phase mﬁnding of the stator 502
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n1croprocé§%5?r514Thé g FSPEi AsuPag53cpbprly useful when the Zotor

506 drives a fan which moves air through a condenser for
removing condenser generated heat or which moves air through
an evaporator for cooling, such as illustrated in Figures 1-
15.

In one embodiment, the processor interval clock
corresponds to a temperature of the air moving about the motor
and for providing a temperature signal indicating the detected
temperature. For condenser applications where the fan is
blow1ng’a1r into the condenser, the temperature represents the
_amblent temperature and the speed (air flow) is adjusted to
provide the minimum needed air flow at the measured
temperature to optimize the heat transfer process. When the
fan is pulling air over the condenser, the temperature
represents ambient temperature plus the change in temperature
(at) added by the heat removed from the condenser by the air
stream. In this case, the motor speed is increased in
response to the higher combined temperature (speed is
increased by increasing motor torque, i.e., reducing the power
device off time PDOFFTIM; see Fig. 26). Additionally, the
speed the motor could be set for different temperature bands
to give different air flow which would be distinct constant’
air flows in a given fan static pressure condition. Likewise,
in a condenser application, the torqﬁe required to run the



receiving a signal which affects the control of the notaqr .._For

exanpl e, gthe s?gnal may be a speed select signal in thegfgﬁgﬂPb@ﬁ§p3the

m cropr ocessor rogramred to operate the rotor such that the stator is
conmmut at ed d?oﬁﬂéﬂgﬁ nore discrete speeds. Alternatively, thBCHEEHYOSMY be
controlled at continuously varying speeds or torques according to
tenperature. For exanple, in place of or in addition to the hall sensor
508, an optional tenperature sensor 524 mpy be provided to sense the
tenperature of the anmbient air about the notor. This enbodinment is
particularly useful when the rotor 506 drives a fan which noves air
through a condenser for renoving condenser generated heat or whi ch noves
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Sept enber. ZRQQuSQ 98/5;§éporgjé¥SCE&géolnlet air temperature represents
‘air curtains and food exit air temperature. The fan speed
would be adjusted appropriately to maintain the desired
temperature.

Alternatively, the microprocessor 514 may commutate the
switches at a variable speed rate to maintain a substantially
constant air flow rate of the air being moved by the fan
connected to the rotor 506. In this case, the microprocessor
514 provides an alarm signal by activating alarm 528 when the
motor speed is greater than a desired speed corresponding to
the constant air flow rate at which the motor is operating.
As with the desired torque, the desired speed may be
determined by the microprocessor as a function of an initial
static load of the motor and changes in static load over time.

Figure 23 illustrates one preferred embodiment of the
invention in which the microprocessor 514 is programmed
according to the flow diagram therein. 1In particular, the
flow diagram of Figure 23 illustrates a mode in which the
motor is commutated at a constant air flow rate corxrxesponding
to a speed and torgue which are defined by tables which
exclude resonant points. For example, when the rotor is
driving a fan for moving air over a condenser, the motor will
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24 notor at the desired speed represents the static Ioa on, t or. The
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*envi ronnment , refrigerator installed as a built-in, o fd/cRat NE
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evaporator applications, the increased static pressure could indicate
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In one of the comercial refrigeration applications, the evaporator fan
pulls the air fromthe air curtain and fromthe exit air cooling the food.
This exhaust of the fan is blown through the evaporator. The inlet air
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will constant air flow rate at step 550 For example, I=0. Next,

the microprocessor proceeds to step 552 and selects a speed
set point (SSP) from a table which correlates each of the
variable levels 0 to n to a corresponding speed set point
(s8P), to a corresponding power device off time (PDOFFTIM=P,.)
for minimum power and to a corresponding power device off time
(PDOFFTIM=P,,,) for maximum power.

It is noted that as the PDOFFTIM increases, the motor
power decreases since the controlled power switches are off
for longer periods during each commutation interval.
Therefore, the flow chart of Fig. 23 is specific to this
appreoach. Others skilled in the art will recognize other
equivalent techniques for controlling motor power.

After a delay at step 554 to allow the motor to
stabilize, the microprocessor 514 selects a PDOFFTIM for a
minimum power level (P,,) from the table which provides
current control by correlating a minimum power level to the
selected level of variable I. At step 558 the microprocessor
selects a PDOFFTIM for a maximum power level (P, ) from the
table which provides current control by correlating a maximpm
power level to the selected variable level I.
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associated fan are manufactured to fairly close tolerances. Therefore, the
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which the vibration or noise occurs. As illustrated in Figure 23,. the
m croprocessor 514 would operate in the follow ng manner. After starting,
the m croprocessor sets the target variable I to correspond to an initial
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PDOFFTIM (PDOFFTIM < P,,), the microprocessor proceeds to step
568 and compares the actual PDOFFTIM representing the actual
power level to the maximum PDOFFTIM (P.,,) for this I. If the
actual PDOFFTIM is less than the maximum PDOFFTIM (PDOFFTIM <

'Pmm), the microprocessor proceeds to step 570 and compares the
variable level I to a minimum value 0. If I is less or equal
to 0, the microprocessor proceeds to step 572 to set I equal
to 0. Otherwise, I must be greater than the minimum value for
I so the microprocessor 514 proceeds to step 574 to decrease I
by one step.

If the actual PDOFFTIM is less than or equal to the
minimum and is greater than cr equal to the maximum so that
the answer to both steps 560 and 568 is no, the motor is
operating at the speed and power needed to provide the desired
air flow so the microprocessor returns to step 552 to maintain
its operation.

Alternatively, the microprocessor 514 may be programmed
with an algorithm which defines the variable rate at which the
switches are commutated. This variable rate may vary
continuously between a preset range of at least a minimum
speed Sp;, and not more than a maximum speed S, except that a
predefined range of speeds Si +/- S2 is excluded from the
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conpares the variable level | to a maximumvalue n. If | is greater or
equal to n, the mcroprocessor proceeds 4b step 564 to set | equal to n.
O herwi se, | nust be less than. the maxi numvalue for | so the

m croprocessor 514 proceeds to step 566 to increase | by one step. If, at
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whi ch def ivebcdde varpadledéateiftavbach 606 teWihphes sahecteyngiate@ This

varlaple rdgfa &y gg{gut switch Q3 completes one circuit by selectively
connecting switch Q2 and stator 502 to a ground rail 602. An

output switch Q4 completes another circuit by selectively
connecting switch Q1 and stator 502 to the ground rail 602.
Output switch Q3 is controlled by a switch Q5 which receives a
control signal via port BQS. Output switch Q4 is controlled
by a switch Q8 which receives a control signal via port BQS.
When switch Q3 is closed, line 604 pulls the gate of Q1 down
to open switch Q1 so thut switch Q1 is always open when switch
Q3 is closed. Similarly, line 606 insures that switch Q2 is
open when switch Q4 is closed.

The single phase winding of the stator 502 has a first
terminal F and a second terminal S. As a result, switch Q1
constitutes a first input switch connected between terminal S
and the power supply provided via rail 600. Switch Q3
constitutes a first output switch connected between terminal S
and the ground rail €02. Switch Q2 constitutes a second input
switch connected between the terminal F and the power supply
provided via rail 600. Switch Q4 constitutes a second output
switch connected between terminal F and ground rail 602. As a
result, the microprocessor controls the first input switch Q1
and the second input switch Q2 and the first output switch Q3
and the second ocutout switch Q4 such that the current through



contlnuously between a preset range of at |east a mni eed S, and
not nore -than a maxi num speed S except that a predefi gégg%i%@%er@ﬁbgpeeds
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27 preset raW§R00/58844q result, for speeds between S1 - S2 and STCI/USOHES041

m croprocessor operates the notor at Si - S2 and for speeds between S1 and
S1 + S2, the mcroprocessor operates the notor at speeds S1 + S2. Figure
22 is a schematic diagramof the H bridges$04 which constitutes the power
swtching circuit having power swtches according to the invention,

al t hough ot her configurations may be used, such as two w ndings which are
singl e ended or the H-bridge configuration of U S Patent No. 5,859,519,
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power suppgeFond input switch Q2 is closed. This is illustrated in
Figure 27 wherein it is shown that the status of Q1 is
opposite the status of Q3 and the status of Q2 is opposite the
status of Q4 at any instant in time.

Figure 26 is a timing flow chart illustrating Eﬁe start
up mode with a current maximum determined by the setting of
PDOFFTIM versus the motor speed. In this mode, the power
devices are pulse width modulated by software in a continuocus
mode to get the motor started. The present start algorithm
stays in the start mode eight commutations and then goes into
the RUN meode. A similar algorithm could approximate constant
acceleration by selecting the correct settings for PDOFFTIM
versus speed. At step 650, the value HALLIN is a constant
defining the starting value of the Hall device reading. When
the actual Hall device reading (HALLOLD) changes at step 652,
HALLIN is set to equal HALLOLD at step 654 and the PDOFFTIM is
changed at step 656 depending on the RPMs.

Figure 25 illustrates the microprocessor outputs (BQS5 and
BQ8) that control the motor when the strobed hall effect
output (HS3) changes state. 1In this example, BQS5 is being
pulse width modulated while HS3 is 0. When HS2 (strobed)
changes to a 1, there is a finite period of time (LATENCY) for
the microprocessor to recognize the magnetic change after



provided via rail 600. Switch Q4 constitutes a second output switch
connected between terninal F and ground rail 602. As a & mber; 2093

m croprocessor. .controls the first input.switch QL and the sec I nput
switch @ aﬂﬁopwgﬂy?rst output switch @@ and the second out653%$WP?§H1cn
such that the current through 9 Septenber 2003 WO 00/ 57544 PCTI USO0/ 08042
28 the notion is provided during the first 90 of the commutation period
illustrated in Figure 27. The first 90 is significant because of noise. and
efficiency reasons and applies to this »%wer device topology (i.e., either
QL or @ is always "on" when either @B or 4 is off, .respectively.
PDOFFTIMis the termused in the software power control algorithnms. Wen

the first output switch @B is open, the first input switch QL is closed.
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t he second . t 1.t : n the second output swtch Q4 is
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current sensing by limiting the total current over time. As
illustrated in Figure 24, if the speed is greater than a
minimum value (i.e., if A < 165), A is set to 165 and SOA
limiting is bypassed and not required; if the speed is less
than (or equal to) a minimum value (i.e., if A > 165), the
routine of Fig. 24 ensures that the switches are off for a
minimum period of time to limit current. "A" is a variable
and is calculated by an equation that represents a PDOFFTIM
minimum value at a given speed (speed is a constant multiplied
by 1/TINPS, where TINPS is the motor period). Then, if
PDOFFTIM is < A, PDOFFTIM is set to A so that the motor
current is kept to a maximum desired value at the speed the
motor is running.
As illustrated in Figure 18, the motor includes a reset
circuit 512 for selectivély resetting the microprocessor when
a voltage of the power supply vdd transitions from below a
predetermined threshold to above a predetérmined threshold.
In particular, switch Q6 disables the microprocessor via port
MCLR/VPP when the divided voltage between resistors R16 and
R17 falls below a predetermined threshold. The micrbproceséor
is reactivated and reset when the voltage returns to be above



changed at step 656 depending on the RPMs. Figure 25 illustrates the

m cr oprocessor outputs (BOB and SQS) that control the Soremte PR 0PRe
strobed'hall out put (HS3) changes state. In this exa )
being pul se w@%ﬁg"rmdul ated while HS3 is 0. Wen HS3 (strobggfﬂméﬂoé‘f‘?@éb to
al thereis afinite period of time (LATENCY) for the m croprocessor to
recogni ze. the magnetic change after 9 Septenber 2003 WO 00/ 57544

PCT/ USOCO' 08041 29 which BQd is in the offystate sa that BQB begins to pulse

wi dt h nmodul ate (during PWMIIM. Figure 24 illustrates another alternative
aspect of the invention wherein the m croprocessor operates within a run
node safe operating area w thout the need for current sensing. in

particul ar_;. _a rdi Q Fj ronLoce. 514 trols_the input

swi t ches A %%uc t%g#ajt eeda%#1 | npu lc{nt eé:% [ scsaz%r'eln %rs%ﬁ‘ rif‘ é 2% ni mum

period of aliase.(PDOFFTI M during each pul se wi dt h nodul ati on peri od

wher eby over teqperal Yree ;g rﬁl%l:%’:} rept ; sensing.
K g:le%nadr%e aeg\énct | o\rll24 Mt o 2

Specifically, tHe mninmum per| 0 e speed of t he

rotor wh&EERPeoFdF Mdp &t foge fht dedilosens s $A%ed TR hout  current |
sensi ng byildri¥piricRe sk Heirdiratldy eNhudser wiildF: m‘&duladé&téfé&@l | gpd-i gure
24, if the_sp edls reater .than a m \ilue(l if A< 165 Ais
set 10 108RIRE SERETRELE Y SRR CBE BA inSEnaRT $48 A% (SAME bed |5
| ess t hamgmreequabyt dntermititennlyalclesinge swiitichA @7 140  pidweidimyt i ne
of Fig. 24-s0sucespblal the BhiChesaresghl Jiar 13 pdidmum period of time

tolimt curre abl e calc Yy  an equation that
represents a PB@EFTBNﬂ-7mlt$| mmml&t daagwenoipe:éce (peed supplyonst ant
”U|t|p|'eélrgﬁ1%/Ebyp§h1WBe%ﬁthNB§ kﬁetbélgﬁb@rVQerféibené- Dzzh%
PDOFFTIMis < A TIMis Set to A so that _the*hptor_ _curTent

a Maxi nunFBé§PFeﬂlV§P-8eP§FSPhé’l§€éé‘H vie tﬁ‘ﬁt & brd dag fidfy.and which

also supplies various other voltages for controlling the H-

ept to

bridge 504 and for driving the microprocessor S14. 1In
particular, the lower driving voltages including VB2 for
providing control voltages to the switches Q1-Q4, VDD for
driving the microprocessor, HS2 for driving the hall sensor
508, and VSs which is the control circuit reference ground not
necessarily referenced to the input AC or DC voltage are
supplied from the input voltage V;, via a lossless inline
series capacitor C1.

Figure 20 illustrates the inputs and outputs of
microprocessor 514. In particular, only a single input GP4
from the position sensor is used to provide information which
controls the status of control signal BQS applied to switch Q5
to control output switch Q3 and input switch Q1 and which
controls the status of control signal BQ8 applied to switch Q8
to control output switch Q4 and input switch Q2. In@ut GP2 1is
an optional input for selecting motor speed or other feature
or may be connected for receiving a temperature input
comparator output when used in combination with thermistor
524.

Figure 28 illustrates a flow chart of one preferred
embodiment of a run mode in which the power devices are



As illustrated in Figure 18, the notor includes a reset circuit 512 for
sel ectively resetting the microprocessor when a voltag® %fptemeer SR r
supply vdd transitions frombelow a predeterm ned threshold to above a
predet er mi né¥P8MF%8¢hol d. In particular, switch Q6 disabl es tR§g/US00/08041
m croprocessor via port MCLR/ VPP when the divided voltage between
resistors R16 and R17 falls below a predeterm ned threshold. The

m croprocessor is reactivated and resegiwhen the voltage returns to be
above 9 Septenber 2003 WO 00/57544 . PCTI USOQ' 08041 30 the predeterm ned
threshol d thereby causing swwtch QG to close Figure 19 illustrates one
preferred enbodi nent of a strobe circuit 520 for the hall sensor 508. The

m croprocessor_ge pul | q?%%gul de Si - 2 k¢h
i nterm tt%%???%o%é??ﬁleg%él Iﬁ—geer%s%t? ’as@%ﬁoﬁigﬁékﬁﬁu?g 21. b?/
interntteatdpetteénsi appini tch Q7 and providing voltage VB2 to the hal

sensor  50g~ Wb é@g' %#ﬁ Fhetie Afmsnerscewmeg di agram of the power
supply ci Lch supplTes e VO tage Vin for en rnging LE
stator si®btethhasedvphdeagh FATRHAH IR dgRe SHAMEnBOWRF cHEVAFES ¥4 Slies

vari ous opdest s ofhagesxt Of ifdnito|domitdwidh perigé 584cabdulatedri ving
the m croprocessor 514. In particular, the |ower driving voltages

including VB2 for providing control voltages to the switches Ql-4, VDD
for drivoFETIMe= nTINP2 ocebBur cadsifatriah | péngodhdivadedsbrsaér = 808) - and
VSS whi ch.i s, the contr L reuid, ref ; 9roupd peicungeeasarily

r ef erencgwdhjtloétjf'n% %%u%éi% or%%eg'l %%?:JF% quppl i eguf romthe input
voltage Vin via a lossless inline series capacitor Cl. Figure 20

I lustrat eﬁfééf éﬂgﬁéscaﬁﬁueﬁﬁﬁ Of mdt&F0PevEEaEeEN14ndl atpakkl cul ar,
only a single 1 npul K GP4 fron1thep§os|t|qp sensor, i s used to provide

i nf or mat | BN EPHELRA PEHS (AR OR GHSoHRT8P signal BQs applied to
swi tch BpWMTIM = OFFTIM/4

®At the beginning of each commutation period, a counter
(COUNT8) is set to five to allow for four times the power
devices will be turned on during this commutation:

PWMSUM = PWMTIM

PDOFFSUM = PWMTIM-PDOFFTIM

TIMER = 0

(PDOFFTIM is used to control the amount «f current in the
motor and is adjusted in the control algerithm (SPEED, TORQUE,
CFM, etc.).

eCommutation time set to 0 at each strobed hall change,
HALLOLD is the saved hall strobe value.

During motor run, the flow chart of Fig. 28 is executed during
each commutation period. In particular at step 702, the
commutation time is first checked to see if the motor has been
in this motor position for too long a period of time, in this
case 32mS. If it has, a locked rotor is indicated and the
program goes to the locked rotor routine at step 704.
Otherwise, the program checks to see if the commutation time
is greater then OFFTIM at step 706; if it is, the commutation



to control output switch @ and input switch QL and whi ontral s the
status of contPoI signal BB applied to switch @B to c%&?ﬁg'“%ﬂﬁﬁag swi t ch
Q4 and input switch Q. Input GP2 is an optional input for selecting notor
speed or ot WP WERH4re or may be connected for receiving a teopEsersea

i nput conparator output when used in conbination with thermstor 524.
Figure 28 illustrates a flow chart of one preferred enbodinent of a run
node in which the power devices are 9 Septenber 2003 WO 00/ 57544 31

PCT/ USOCQ' 08041 current controlled. In thi32node, the foll ow ng operating
parameters apply: MOTOR RUN POAER DEVI CE (CURRENT) CONTROL At the end of
each commutation, the time power devices will Dbe off the next time the
comut ation period is calculated. OFFTIM = TINP/2. (The commtation period
di vi ded byp@riof00). grékitier itharhetstelidctmitd Naled s idndl Si%e Cadatath ed.

“After eigh atio ( r. HLevol uti nd at the stari routjpne
exi i, PWIPRASResT Lo Bber Talpnich hsria hs Aedh Adfam ot one
commut at i oAnGerkdls &heommgine GOUNTSP ikl Get Naxﬁd\ﬂhd(rammmmaﬁiﬂnftmmimﬂ
ti th lC M b uri A.hi t

BN M PEO TR BT MESBRER 10 HIRERE G i el 2y el
the anounttBe EOPPERELLRN fdmendsocharked adjrared it ttheeontd dt is
~algorithmI&PEEDr dEBRNELo CENMFFSUM WwheP@Milt alhn tdHE r3Rit ik & Stesgady

strobed hall chang HALLOLD.i s the saved hall strobe val ue. Dur 1 ng, not or
Cun.the (FbuPERRCTLEF PEBSIDLsRs tBRe s MG AR IEARCnes 6 step 708 (1F

step 714 is yes).

For the other case where the commutation time is greater
or equal to PWMSUM, at step 718 PWMSUM and PDOFFSUM have
PWMTIM added to them to prepare for the next pulse width

‘modulation period and a variable A is set to COUNT 8-1.

If A is equal to zero at step 720, the pulse width
modulations (4 pulses) for this commutation period are
complete and the program branches to step 708 to turn the
lower power devices off and exit this routine. If A is not
equal to zero, COUNTB (which is a variable defining the number
of PWMs per commutation) is set to A at step 722; the
appropriate lower power device is turned on; and this routine
is exited at step 716. More PWM counts per commutation period
can be implemented with a faster processor. Four (4) PWMs per
commutation period are preferred for slower procéssors whereas
eight (8) are preferred for faster processors.

The timing diagram for this is illustrated in Figure 27.
In the locked rotor routine of step 704, on entry, the lower
power devices are turned off for 1.8 seconds after which a
normal start attempt is tried.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained. '

As various changes could be made in the above products
without departing from the scope of the invention,'it is
intended that all matter contained in the abdve description



each commutation period. In particular at step 702, the 0 t at. tinme
is first checked to see if the motor has been in this %#gﬁﬁﬁﬁzpﬁgn for
400 long a period of time, inthis case 32nS. If it has, a locked rotor is
i ndi cat ed antO®OKE7S4hr ogr am goes to the | ocked rotor routine aPCEVE08%.

O herwi se, the program checks to see if the cormmutation tine is greater
then OFFTIM at step 706; if it is, the conmmutation 9 Septenber 2003 WO

- 00/ 57544 PCTI USOO/ 08041 32 period is gregier than 90 electrical degrees
and the program branches to step 708 which turns the | ower power .devices
off and exits the routine at step 710. Next, the commutation tinme 1is
conpared at step 712 to PWBUM If it is |less than PAWBUM the comrutati on
time is ch e st ep 4 [ PR 'hggs r,18q itrt 2P

where if t%ﬁé,gﬁlﬁ&emrséﬁt Fﬁé ?%885(1 thérflng; dsf?ga 16;8%gtlﬁ'e% sler% he- rEEFiMﬁg
branches tbdlbeepraodvei andspep 1428 3 iPdSREnNIErSLOSKe ot her case where the
comutation tine is greater or equal to PWBUM at step 718 PWBUM and
PDOFFSUM have PWMJII M added to themto prepare for the next pulse width
nodul ation period and a variable Ais set to COUNT 8-i. If Ais equal to
zero at step 720, the pulse width nodulations (4 pulses) for this

comut ation period are conplete and the program branches to.step 708 to
turn the |ower power devices off and exit this routine. If Ais not equal
to zero, COUNT8 (which is a variable defining the nunber of PWW per
commutation) is set to A at step 722; the appropriate |ower power device
is turned on; and this routine is exited at step 716. Mdre PWJ counts per
comut ati on period can be inplenented with a faster processor. Four (4)
PW per comutation period are preferred for slower processors whereas
eight (8) are preferred for faster processors. The timng diagramfor this
isillustrated in Figure 27. 1n the |ocked rotor routine of step 704, on
entry, the | ower



power devices are turned off for 1.8 seconds after which a normal start
attenpt is tried. In view of the above, it will be seen®3fpterbrs 2983 er al
objects of the invention are achi eved and ot her advantageous results
attained. As various changes could be nade in the above products w thout
departing fromthe scope of the invention, it is intended that all matter
contained in the above description 9 Septenber 2003 WO 00/ 57544

PCT/ EJSOQO 08041 33 and shown in the acconpanyi ng drawi ngs shall be
interpreted as illustrative and not in a limting sense. 9 Septenber 2003
34 Clainms: 1. A notor powered by ado power source conprising: a stator
havi ng a single phase wi nding; a power switching circuit having power
switches for selectively connecti ng3‘f he do power source to the single
phase w ndi ngjaamger manent magnet rotor in nmagnetic coupling relation to

the stator, a,,pga&tgﬂpe@c@@psg‘gpoq.@mgﬂge@ms%: for detecting the position of
the rotor _andst RI oV diﬁri]‘% a @OSj don signal "I ndicating the detected

posi tion: and AoLERE iPhesE MG | uding a i croprocessor responsive to
the positi onagbgmatiichinglcircgtinniegtoser sritcliedor felwkvly SiinbcGhY i, Ci rcuit for

sel ectiv‘@“&r&gﬁg}g@g&ﬂ@g?ﬁag%dgmger switches to comutate the single phase

wi nding as a function of the position signal; wherein a resonance wl |
occur duri ng *PAERBHEFSERS BIPT BrmaeteEC sA8ElEE rolffierhie theatatonr edet er i ned range of
rotational speedgonatnsirbethpaiicrandebeingxeRiitiddral rdaddsd Ny | ncreased

vi brati O&o@iﬂﬂéab&ﬁ{oﬁﬁéuﬁﬁn&‘é |G dBRL S8 ANd, yherein the control circuit is
the no

programed to operate | ) or to S&rECtidel y avoid the predeterm ned
range of r ot &PBFRAFisseulingg migppredgsserespinsive tvathoesitacigng and2. A MOt Or

p_owg_r ed bynnectadGo 1O HEer SRR IGM TR sb1SdiPdll comhuSkiad @Y po%‘élw@cﬂ?sa si n?I e _phalse
W ndi Ng; (8., k W.tcnl nNg .cl.rcul %gw Qwer . SV\_/ltC es Tor selectively
connecting tﬁe dpg “p')"gﬁhl}ms'gﬁr S °fggﬁ onsigaake Wi ndi ng;-
wherein a resonance will occur during the operation of the motor within a
predetermnined range of rotational speeds of the permanent magnet rotor causing
increased vibration and/ increased andio noise; and

wherein the control circuit‘ is programmed to operate the motor to selectively
avoid the predetermined range of rotational speeds at which the resonance ocours,

2. A motor powered by & de power source comprising:

a stator having a single phase winding;

a power switching circuit having power switches for selectively connecting the de

power source o the single phase winding;

a pérmanent magnet rotor in magnetic coupling relation to the stator;

a position sensor on the stator for detecting the position of the rotor and

.. broviding a position signal indicating the detected position; and -

a control circuit including a microprocessor responsive to the position signal and
connected to the power switching circuit for selectively commutating the power switches
to commutate the single phase winding as a function of the position signal;

wherein the microprocessor commutates the switches at a plurality of rates which

excludes at least one rate corresponding to & speed which causes resonance.

3. The wotor of claims 1 or 2 wherein the rotor drives a fan
and wherein the microprocessor commutates the switches at a

variable rate to maintain a substantially constant air flow
rate of the air being woved by the fan and wherein the
variable rate excludes a range within which the fan regonates.



a permanent nmagnet rotor in magnetic coupling relation to the stator; a
position sensor on the stator for detecting the positiof RfPeReeTZ08r and
providing a position signal indicating the detected position;, and a control
circuit including a mcroprocessor responsive to the position signal and
connected to the power switching circuit for selectively comutating the
power switches to commutate the single phase winding as a function of the
position signal; wherein the m croprocessor commutates the switches at a
plurality of rates which excludes at |east one rate corresponding to a
speed whi ch causes resonance. 3. The mofor of claims 1 or 2 wherein the
rotor drives a fan and wherein the m croprocessor commutates the switches
at a variable rate to maintain a substantially constant air flow rate of
the air being noved by the fan and wherein the variable rate excludes a
range wi thin whiéh thee fetoresbrates.3 WhSepignties mRO8pARehsoghe Mot or of

claim 3 whergicubhe & GIQBLPERS ML chi idsiides gRiLthm whi ch defines
t he vari abl %Oa%tt.le o) va&}%‘; conti nugusﬁlglggm%%%%aa%lﬁrggg%trarrp n@% GfYat | east

Sniri and not  -ABFE T HATCSHES® S\ PEFECt HAN9E QF citeflienst Smimgendfospeeds of

Si +/- S2 MerexEhauetdy srreple thrbsetpredrnfinsdictarichasf faecapaadg; bet ween
Sl -S2 and Si+/-t e #scenfindeassiin Oper mistl PENGOIRIc gltla§lf-0§zse§eré% for
speeds: bet WweRRwSen 800s5lak32s1 ! NGe ﬂl&r 09§§§§:9r LQperat es th otor at
51+52. 5. The mmtar of any. gne f. the %éece I Ng ST AESndPei P%FFe r ot or
drives a fan- and ahereirTt RRESH% PEpFethSdornd cAnfitat BRe t he switches at a
rate to mai MESTRPACSHBSYaPPRaRtSE EbASIRtRr abrSi4+88v rate of the air being
noved by the fan and wherein the rate is defined by a table which excludes
a range of spedilsThé bloForiby n. resonates. 6. The notor of claimb5
) 5 of 18 pleBLlnd i o i

wherein the l e includes speed. n YSFips@ or each speed
set point ar?g‘aéjnw%f#ﬁﬁ%'f 5 JUETTRHOCEERT SoaEdtates ﬁ&enﬁvwﬁm@i n the

i cr opr ocesSG- &PniitaReain Resuhdteohdslist conshart conr 65@ondi8gh s tt@eone of
the speed setimpdicing wotdd byt tive Mani BidNvaREe MAXENE!PackO{ A WRFined by
a table vwhich excludes a range of speeds ‘within which the fan
. resonates.

6. The motor of claim S wherein the table includes speed
set points, minimum toerque for each speed set point and
maximum torque for each speed set point and wherein the
microprocessor commutates the switches at a rate corresponding

" to one of the speed set points within the minimum and maximum
torque.

7. The m'otor of any one of the preceding claims wherein the rotor drives a fan
and wherein the wmicroprocessor commutates the switches at a

variable torque rate to waintain a substantially constant
speed and wherein the wicroprocessor provides an alarm signal
when the motor torque is greater than a desired torque
corresponding to the substantially constant speed.

| 8. The wotor of claim 7 wherein the desired torque is
determined by the microprocessor as a function of an initial
static load of the motor and changes in static load over time.



7. The notor of any one of the preceding clains wherein the rotor _drives a
fan and wherein the mcroprocessor comutates the swit&REPRELY 20031 i abl e
torque rate to maintain a substantially constant speed and wherein the

m croprocessor provides an alarmsignal when the notor torque is greater
than a desired torque corresponding to the substantially constant speed.

8. The notor of claim7 wherein the desired torque is determ ned by the

m cr.oprocessor as a function of an initial static |oad of the notor and
changes in static | oad over tine. 9 Septenber 2003 36 9. The notor of any
one of the preceding clains wherein3fhe rotor drives a fan and wherein the
m cr oprocessor commutates the switches at a variable speed rate to

mai ntain a substantially constant air flow rate of the air being noved by

the fan an rein the m [ A L b RLA i gnal .when the
not or speeg;’m?ige 'g‘?tg%ﬁfg?y ?Wé’ﬁ{hgl%&%%ﬁg: lgpggéc/{é@gﬁresp%n%ia%r?to t he
subst ant hadl| yheosigt ahe wigroprogeseare cOWPItates HiR GWiEFNRY Atnf9 , wherein the

desired speegdhis splRliersided hyiitennhcaopeeesslly asnadamatiion of an
initial tatic _lo f r angesahid e over tine.
11. The ﬁgﬁffr T3t any tg’ﬁeﬁc}_fe b{é%égp“r‘%l(‘}gd?% I gahsérﬁﬁgkﬁ% %gg i ngl e phase
wi ndi ng FESTPPFSFESHRY BEEHHIFS: éPn?]r?aﬁ"‘s?lgﬂﬁaér é’}“ﬁnt 3 5‘6’\{7\%’? SPf\ﬂit chi ng
circuit denptiesesrarhdd br dekjoedasberf gofreanonddperte $hetch connect ed

bet ween thg fianstial Bf Honetamndittheigowaee. supply, having a first |ower

sw tch connected between the first termnal and a ground, having a second

upper switch connected between the_second term.nnal d_the power supply
and having a feconB® | GREEF 8 'ctqﬁi'mc%n ¢tat %épt WEENThEPSEL ORI termi nal
and t he gleumdyireddbyhte mdCroRTAfesFem 96c @s fupctiopnef dins ipkeidl r st and
second UPPEsit s TdzResE ik tbeot idrst chnthess ddomhtiowkoads wivke heistesuch t hat
either the first upper swtch. and the second |ower switch are

si mul t aneously open or the second upper B sw t.ch. the first lower switch
are simul tangﬁugﬂ‘%ﬁnm@rﬁéﬁr_‘y one of the pre d?ng cla?ms whet‘kinatﬂgségqe phase

winding has first and second terminals, wherein the power
switching circuit comprises an H-bridge having a first upper
switch connected between the first terminal and the power
supply, having a first lowex switch connected between the
£irst terminal and a ground, having a second upper switch
connected between the second terminal and the power supply and
having a second lower switch comnnected between the second
terminal and the ground, and wherein the microprocessor
controls the first and second upper switches and the first and
second lower switches such that either the first upper switch
and the second lower switch are simultaneously open or the
second upper switch and the first lower switch are
simaltaneously. open. '

12. The motor of claim 11 wherein the microprocessor
controls the first and second lower switclies and‘wherein the
first upper switch is connected to and responsive to the first
lower switch such that the first upper switch is open when the
first lower switch is closed and the first upper switch is
closed when the first lower switch is open and wherein the
second upper switch is connected to and responsive to the



12. The notor of claim 11l wherein the m croprocessor cgﬂﬁrgls tQ@ %irst
and second | ower switches and wherein the first upper '?p%WP§' Pinect ed
to and responsive to the first |ower switch such that the first upper
switch is open when the first lower switch is closed and the first upper
switch is closed when the first lower switch is open and wherein the
second upper switch is connected to and responsive to the 9 Septenber 2003
37 second | ower switch such that the second upper switch is open when the
second | ower switch is closed and the second.upper switch is closed when
the second | ower switch is open. 13.3%The notor of.any one of the preceding
clains wherein the mcroprocessor is programed to inplenent a start up
node wherein one of the power switches is selectively closed for a preset"
peri od of sétdRy aBwar’ setdL0 L of . .the, rotor -whereby
the rotor js subject 1o adhsg%ég{,gﬁaggg% Cﬁsgg%g% zﬁﬁggoﬁfé’rm&&@l@?%i on during
the start“dp node "9 PR¥Shot o<t 12 1doRrd righ&hei feepridouker r ot or rout i ne
i s inpl enérit kel vifesleped benrthepsedoms liomdi catigdhbystdien. posi tion signal is
| ess than a preset mininmumafter a given nuriber of rotations in the start
up node. 435l im14 wherein the | ocked rotor routine open
circuits 1%?@ es&mgﬁogﬁfagﬁ% grrm ? E)hree gredid rqialgs gferinnibe miggresrsporeigecut es
start-up rdliP§ABMeq i implemeptrt Hart gp MokewireeB anhef GienpdweeswiichéORT 0CESSOor i s
progr anmed selsctiveyl dosehior @predelipdriod bi th @ fli@fcich d?é?&?hn{l@ﬁ@%ﬁr f?\f?m o
commut at i ongiok mvhg}@gy #Heolor gpsdg}ggtefo a17ubs{rhﬁagmt oE of clalm fé_ erein in the
run node thde‘@gﬂh%%%ﬁr ocessor conmitates A e’ SHistaehBver Gecelergtisnmut at i ons at

a constant UBf\°&ri od and wherein the commutation period is
adj usted every M commutations as a function of the speed, the torque or
the constant air flowrate of the rotor. 18. The notor of claim 17 wherein

the mcroprocessor controls the input switches such that each input switch
is open for aig NitREMBESSBE PEIOYs Qfiiedh JBS ‘1%%5(28 S %Q‘ routine
is jwplewmented whe_tn the rotor speed as indicated by the

position signal is less than a preset winimum after a given
nunber of rotations in the start up mode.

15. The wmotor of claim 14 wherein the locked rotor

routine open circuits the switches for a Preset period of time
and then executes start-up routine.

16. The motor of claim 13 wherein the microprocessor is
programmed to implement a run routine after a preset number of
commutations in the start up wode.

17. The wotor of claim 16 wherein in the run mode the

microprocesgor commutates the switches for N commutations at a
constant commutation period and wherein the commutation perioci
is adjusted every M commutations as a function of the speed,
the torgque or the constant air flow rate of the rotoyr.

18. The wotor of claim 17 wherein the microprocessor

controls the input switches such that each input switch is
open for a winimum preset peried of time during each



9 Septenber 2003 38 conmmutation period whereby over te qiaturg @#ﬁ%ectlon
is provi-ded without -current sensing. 19. The notor of

precedi ng clains wherein the Mcroprocessor controls the input sw tches
such that each input switch is open for a mninmum preset period of tine
during each commutation period wherein the mninmum preset period is a
function of -the speed of the rotor whereby over tenperature protection is
provi ded without current sensing. 20. The notor of any one of the preceding
clainms further conprising a reset «circuit for selectively resetting the

m croprocessor when a voltage of the pggwer supply transitions from bel ow a
predeterm ned threshold to above a predeterm ned threshold. 21. The notor
of any one of the preceding clains further conprising a power supply
circuit between the dc power source and the power switching circuit, said
power suppl gommetartiony period sthessby cvere hemperatiragpoitection hizvi ng a

capaci tor 'Bré@i&l@é Mgﬂa,ugh@ur%tpggﬁrmgource 22. A notor powered by a dc
power source and for use vvlth a fan for nmoving air conprising: a stator

havi ng a single phase wi ndi ng ‘Sower swi tching circuit having power
switches for sdbeths m@PSPféWrﬂi‘éé’f hEeteing rRImiREsin the ticapracessohe si ngl e
phase vi ndicﬁgtr&lbetmrh&@htnﬁ@mﬂheé ofwrh Ehateapedl iapeOWicny i€l ation to

the stator apdu Bodr hvhiiinisl SHAR bOrid okaBind SehenbRN, 2003 39 1 a
tenperature SEI’IS%I’ O he st.ator .f.or _det ECt i esggnger.at ur,e corr ESpOI’ldI ng
I

to a tenper & UFEEF ?ﬂep?ﬁf\?dn YrEre s By $atfrd signal
i ndi cating tivefdoacpédthe @?ﬁé@a‘t%ﬁéﬂ Ié?ﬁPraWEBFRl?ibIWGFr‘?ﬁNHerﬁh%’mdl ng a -
m cr opr. ocessm:rotre&&ﬁﬁhsﬁ.yeprov1ded without current sensing.

20. The motor of any ene of the preceding claims further comprising a reset

circuit for sele’ctivél_y’ resetting the micro;i,rocessor when a
voltage of the power supply transitions from below a
predetermined threshold to above a predetermined threshold.

21. The motor of any one of the preceding claims further comprisinig a power

supply circuit between the dc power source and the power
switching circuit, said power supply including alldssless

- current limiting circuit having a capacitor in series with the
de power source.

22. A motor powered by a dc power source and for use
with a fan for woving air comprising:

a stator having a single phase winding;
a power switching circuit having power switches for
selectively connecting the dc power source to the single phase

winding;

a permanent wagnet rotor in wagnetic coupling relation to
.the stator and in driving relation to the fan;



to thé tenperature signal and connected to the power smﬁtﬁaﬁn clrgu
eitber 4908

sel ectively opening and cl osing the. power switches to &b
phase wi nding as a function of the tenperature signal, wherein the
operating notor speed is determ ned by an algorithmor a table, and wherein

the m croprocessor discontinues commutation for a preset
event that the operating notor speed is |ess

it for
singl e

period in the
than a m ni nrum and wherein

the m croprocessor i-s responsive only to tenperature signals provided

after the preset period. Title: M CROPROCESSOR CONTRCOLLED
SI NGLE PHASE MOTOR W TH EXTERNAL ROTOR BHAVI NG | NTEGRAL FAN [err] [err]

[err] [err] [err] [err] [err] [err] [err] [err] [err]

Terr] [err]
[err]

a temperature sensor on the stator foxr detecting a
temperature corresponding to a temperature of the moving air

and providing a temperature signal indicating the detected
temperature; and

a control circuit including a microprocessor responsive
to the temperature signal and connected to the -power switching

circuit for selectively opening and closing the power switches

to commutate the single phase winding as a function of the
temperature signal,wherein the opérating motor

speed is determinednby an algorithm or a table, and wherein
the microprocessor discontinues commutation for a preset
period in the event that the operating motor speed is less
than a minimum and wherein the microprocessor is responsive
only to temperature signals provided after the preset period.
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has a stator

[err-].

[err'] [err] [err] [err] [err]

[err] [err] [err] [err] [err] [err]

[err] (t;g! [ wéih nbeitedrohy, FOMREY BRARERNY a dC Tads
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(57) Abstract

A motor powered by a dc power source has a stator having a single phase winding. A power switching circuit of the motor has
power switches for selectively connecting the dc power source to the single phase winding. A permanent magnet rotor in magnetic coupling
relation to the stator drives a fan, A position sensor on the stator detects the position of the rotor and provides a position signal indicating
the detected position. A control circujt including a microprocessor responsive to the position signal and connected to the power swifching
circuit selectively commutates the power switches to commutate the single phase winding as a function of the position signal.




