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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 rts
of tipe Wi na‘;gn;@e %?& J}ﬁo‘:ﬁl‘%t{% F%%\ml gc?‘?%%gctg'lrﬁ ‘%e%eraﬁ:{%gfl n ord

to provi déang iragne e &l aRRita mevnked eroaddaetcs aI | B s pergng ic at two
or nore di dididntsPeRds. intRiR iperhaiRed frrﬁrgnets and/or electromagnets.

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



a ni-croprocessor control for such notors which is sinpl & g iefesi sipzand | ow
In cost to manufacture. in addition, there is 9 Septenber Z003 WO 08/57544
PCTI US00/ 0804 odrsmedced for a control which has a reduced nunp 0041
conponents as conpared to single phase notors of the prior art an

can be programmed to operate in different nodes wi thout the need for
changi ng conponents. 5 Sunmmary of the Invention it is, therefore, desirable
that the invention provide a single phase2notor which is mnicroprocessor
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 oprocessor controlled notor which is programmable and which has a

rel ativel y assmaldd dgnrber agintemniporieitls. has asredisoedesumablkecthabmpbaent s

i nvention RIOVIHR -3 1Y %mgg@é;;ﬂggsé WRO6£S0F £AL! PALLETLUR! QL 20,1 S
programred to _reduce or avol ration a ch resonance
occurs. 15C@ER k¢ Fregra@Fecai AReEataeln ni @&&bﬁnprmdde withaykethehase
"M ocroprocegwld Fo lahRd P icimddtestid ving a fan which provides an alarm
in the event that the static pressure of the air noved by the fan is
unacceptable. It is also desirable that -the invention provide a single 20
phasg mcrg off et Ialviegrt iyt or whi ch enpl oys a sinple, [ow cost and

|'i abl d ble that.th t
rovide ool o 3Y 0L BACIEIEARI dded Rl @ HRE LR, Srv oAt LiRnREO e LT
node duri sd¢ngRechhase motor wWhimitelsreierbmatocesiestredntadbleli ied 25
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i nvention provide a single . phase -m croprocessor contFo of - whi ch
enpl oys a restaff lﬁnéésﬂhﬁ@ﬁJ-ll?hlrﬁ thihate - heimvereiRrdPFoYbEe| 8 derate ed.
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n1croprocess | ed notor .whi.ch has constant connutatlon periods in
its normal & geyg ﬁﬁd@ re atively small number of components.

It 1s 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



It is also desirable that the invention provide a singl e gphaster 2003
m cr oprocessor controlled notor for driving a fan which 9 Septenber 2003 3
has a safe operating area avoi ding overtenperature operation wthout
current sensing. It is also desirable that the invention provide a single
phase m croprocessor controlled notor which enploys a sinple, |ow cost,
|l ow | oss, current |imting power supply. It is also desirable that the
i nvention provide a single phase mcroprocessor controlled notor for
driving a fan which nmay be programred for nultispeed operation or which
may be programed as part of an automatic condenser control. In one form
the invention conprises a -notor powered3by a do power source. A stator,
has. a single phase winding. A power switching circuit has power sw tches
for selectively connecting the dc power source to the single phase
wi nding. Ap ent net .rotor_is_in, netic coupling relation to the
stator. A poglﬁ?%}h%sae%?%}?e%aﬁ HHe* 5t f 6?1%2-.%(38?%;%% 8514 GRerastionhe rot or
and provi des WPt iBWrenyEensingli cating the detected position. A control
circuit including z i alspraesssile kRSOANS Yevm:idiepRapidel QN SEg0al - and
connest ed 't Ophllse RG0S U N dofib S 14 BEbECIE! YpsPIUILALES he pover
switches to cgmmtate Hﬁe fl%gle phase W ndi ng as a net 8nfdPLehe
position signaf? WAETeilT¥a  tivoMARCEtwWH T t3BE WRORY i®HBPYRe operation of the
notor within a prelet¥ filAedesdagelofthpbttie énwentsivmepsoaifdet hesipgh ganNENt
magnet rotor pbassimgcidpebessed vhiLied wwrdx fdNehedsss L Qi se; and
wherein the cpairgl Sidfldhdhed P i@gggdj o?;@r&t?f&??o‘% he,mtor 167
sel ectively a&glogrghee(?re eterm_ned ra 8% of rotati onall-l g‘pg‘@(ﬁ”—at whi ch
the resonanceP5ottra et f5RBTh&: PBAREORRYS RORFERIT eompidlses a not or
povered by do powefns@rf fermcdiisr invangion eomarbsehavinagon mwivegde pphase
wi ndi ng; a nower pswetCéngeCi ICWichtdBtbBOa 4109RE SHM=CReag! Sel ectively
connecting t NgoAAzPAWBEIEAYT Edule i BhOOL &RDARE ANDLA) 8 ber manent
magnet rotor in hEgnetic cngl ing relation t e stator; A pusition
sensor on the STACOT F3r"eteRITY FHEFHOLS tRSNSHIgke BbRen wiindimg.pravi di ng
a position si @fAVANeRY| agmehgretwr detiec meghetdsi ¢owlingntemteon Ol Si M cui t
i ncluding a matreoRNMOCeAIsiti 65 ROAESY @nl Bhd ReaBES | ddieRe S| GRAb,ARY cONnect ed
to the pover sy¢ tegld 28c8F 3nal BFovides a position signal indicating the
detected position. A control circuit including a
ricroprocessor responsive to the position signal- and connected
to the power switching circu:i.‘t selectively cowmutates 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.



sel ectively comutating the power swtches to conmutate d 8&ysipgl fygahase
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 wi nding. A power switching circuit has power switches for
sel ectively connecting the do power source to the single phase wi nding. A
per manent magnet rotor s in magnetic coupling relation to the stator and
indriving. relation to the fan. A tenperature sensor on the stator for
detecting a tenperature corresponding to a tenperature of the noving air
and providing a tenperature signal indicatggg the detected tenperature. A
control circuit including a mcroprocessor responsive to the tenperature
si gnal and IeoYffestdder dorhe throwrrentignt edvbpiges ia vofdr sebexdt i vel y opening 9
Sept enber 2003 M dBRPET0SPHECE Hnh FReT U8RI YelHe # tianc dpmumentiand lad rsi Agl e
phase W ndiswatasr ehdaincisingloef phidie Wampengt :Jrze @18 lswi WEIRL1R) Eﬂlitrléﬁitd
oper ating e 7 a.table, an
wher ei n thgmn%r%%?%geésvggf_%%s%%%&%lqg%%%%%%@ogﬁﬁ %? (?é’é‘terperi od in
the event tHER“Ife Tpethf iSigonstBhasshcdddindt esP RYFFRNENR TRgReh awbor
wherei n the & ciopragesisior dosplléspansiatdoonty tlos tenpeirattd ein S:gRALS .
provided af t 851 4beohr e50hP ¥ahd. 2 AdierbiieC! Stk IGALNECS A e In
part apparen& endt.l np rt pointed out herei,natter. Brier Description of
the Drawi ngs"FI& 17¥s%a e‘%%ﬂé‘&&’éa SPHRRECBAERE VFR\F FremRerakwre (Qfc theot or
in the form®pvangapirF pravdding ex fiavpedapere peignale ivdtuaning amgonent
parts of a geeeetedl téhGerdivtie. FhGontddis car¥Biti Hab1udingsSasectional view
of the assegQEQQnggggéOr responsive to the temperature si

¢ C gnal and

connected to the power switching circuit selectively opening



FIG 4 is the statot and a printed circuit board expl odetsedi&Bed 5093
Installed 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 view thereof. FIG 8 is a |ongitudinal section
of the | ocator 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 phantom 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 greatlygzenlarged, fragnentary view of the
notor at the junction of a rotor hub with "the stator. FIG 13 is a section
taken in the plane including line 13-13 of Fig. S, showing the printed
circuit board jn_phantom and illustrating connection of a probe to a
printed ci rcetﬂé[ clpgard tha BIVE™ sHiGGhesm ke comsuspte oigepingtbegha2@03 WO

00/ 57544 PCT#U800/0804itich dFIhe teriptraiuse sigrglewhdreln theadpemtiignndidiepgeligne i ncl udi ng
!:Ine t14{ 14 %leﬁi&d@aﬁﬂ@ﬁﬂﬁﬂtﬂm%&@td@fe! maﬂe@wu]g&ﬂntcmlafaaés%r tifcoRBR tO”} a“]? o
i1 lustratingcgmR [ g e ] u eceptacle o e
shroud. FIG 15 ?{ﬁ%ﬁ@%{@%&%r f'blggrf%ﬁ{t g‘?ﬁ%f’éﬁ%?"{%{%g’%‘{ 8ﬁesgi | | ustrating
snap connect '8h 2adPOFHE T HhERER 1Bt BYCTAO(RRRIS dhissensiyg opy ol t@nperdure s a bl ock

di agr am of t signats reevisid sitcews preset proiod. r ol | ed si ngl e phase nmotor according to

the invention. FI 7 s SGRefmL | L O RGUE ly of the
notor of Figure fghae(%c%ﬂlj%i:gs %%?of%%hg?sg\t}g% ?%]n.%ﬁflg{%r nat | 5%115%88 t he power

suppl y circuf® R¥ih (ﬂ’°f)’éter%8'i%,‘i" MEBS¥BEE 'DC i nput or

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 perspéc!:ive view of component parts
of a stator of the motor.

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 is a greatly enlarged, fragmentary view of the
moteor at the junction of a rotor hub with the stator.

FIG. 13 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.



for -a non-doubling AC input. FIG 18 is a schematic dlagg % g30W
vol tage reset for the mcroprocessor of the notor of Figure 8 according
0, the invemaosns4dFl G 19 is a schematic di agram of the str Bg®USHrosH4tIe
Hal | sensor of the notor of Figure 16 according to the invention. FIG 20
is a schematic diagram of the m croprocessor of the notor of Figure 16
according to the invention. FIG 21 is a gchematic diagramof the Hal
~sensor of the notor of Figure 16 according to the invention. FIG 22 is a
schematic diagramof the Hbridge array of w tches for commutating the
stator of the notor of Figure 16 according to the invention. FIG 23 is a

flow diagram i | bystrayi g Lhe.0ecal L0 al 1ol BREMESLADT deeasar Al i Mot or

of the invention™n a no conmut const ant
air flow ratelat of Fégeel ahdwwgqubemrentadecaﬁtunédb@;indamrééﬂhﬁmt(ﬂm

exclude rgaanant @ekAting hCooddrl Bofnkkewrdbdasaich busly atidh) DRAA | On

of the mcroprocessor of "the notor of the invenfion™in a run node™ (after
S start) in RﬁF@HtﬁﬁéesafetBEeFHFPHQ area of the nmotor is nmintained wthout

current sensi ngpmvs hasl T anrreﬂwugeaffoazjﬁa@heab?r vZ W3 D Y 5&:&4;4:

PCT/ USCO 0851)1 for _each pover % Erf’ g g\ ni mum of f uﬁb nd| ng
on the spet BFtFﬁ 1P8t8PapF?EP pds an © RgS bR AGFARPEPEUS §ﬁﬁ?

start up wobdk which provides a safe operating area (SOA) control based on

speed. FIG 26 ¢k E%OWSCQaE%oE’fc 85‘.83?5@“8?@?132 P?Eg‘i—@ﬁ:e%sor

i npl ementation of thetimn Iragram trating the start
up node ml:@ntppéil«ﬁdeglagéaf@h@;g@rapr:ﬁg afséar(ism) t°c§h€r énvmgé@non speed.

FIG 27 is a tlﬂ:ag dhagsam sEhesht AL BYa5R8m 8P HReNBERerRiUphIY @ dor a

safe operatlngr %a gg&ﬁ% %gnéégér gﬁgdtgnthe 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



speed FIG 28 is a flowdiagramillustrating the operatd §Qm8Rbe{
m croprocessor of the notor of the invention in a run nod star
preset nunb tations in the start up node wherein in the run

t he nicropr g@ggiogammt ates the switches for N conmmut atlonschfUSeQ"’“gO“
constant cormmutation period and wherein the commutation period is adjusted
every M comutations as a function of the _speed, the torque or the
constant air flowrate of the rotor. Cbrreéponding,reference characters
ii.dicate corresponding parts throughout the drawi ngs. Detail ed
Description of the Preferred Enbodi nents Referring now to the draw ngs, and
in particular to I c . nmptor 20_constructed accordi ng

. .1 and 3, an ele %6
to the prlﬁ&WSIggro?aFHepﬁwﬁseﬁVlFﬁge nTERCWT O & ke rdepenging wmr
24 and a houkengp26d(bfiethef eoenee nuneral s designating their subjects
generally). Int Il Lustrated.eogbadi.nent, th 10 is of the t
whi ch the rotor P?G %glggo% ?hgggguﬁéFSEESf ?ﬁ@hgf' éhﬁ o
the form ofm@dﬁawhlch\cm;@'diﬁg#"ya Ehéeroperazd,ngnalr@des(%mbcdz&iwlnb'agsécan
bl ades 30 &grgpdegntegrally therewith and projecting radially from the

hub. The hub 28 and fan bl ades_30 are forned as one piece 9 Septenber 2003
WO 00/ 57544 7 22F %t chéwif|2pEley aheﬁFyﬁﬁrpeenﬁrememredrrﬁsrﬂmglm@rom at

one end andimgbémeesaiEavefyrha wmnsh adﬁ.QéQémSBEf Tpl%ﬁmé i@%ﬁf&%éﬂ?g

f the hub Th ft attac e, hub 28
et 34 et e aede (nErE haeviaRsny SRR ORETabipd et &

when the hubommrcl draséddes SPeade formed. A rotor nmagnet 35 expl oded from

the rotor in Figeyd i4elude n te |ro backi n For

sinplicity, the 16 orﬁrrg%néet?)?fgi%g g#ﬁnggs %iﬁl‘ﬁtfg é?‘-‘r Eihan Sr\p[ fpde

drawi ngs. TMRIBARIIYHIES 2 a$ake ntbeeait ing oare IﬁEBAI)sCfommmjL based on
speed.

after a

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



The -stator, below, is material. PCTIUSOQJ 08041 hub cavi me the
described in further detail substantially encapsulated I%égﬁ%wé?ﬁ%d 3ast I C
*The encapsulwoiongrsaaterial also forns | egs 36 projecting axi aPtnysdﬂldslﬁﬁ
stator 22. The legs 36 each have a catch 38 forned at the distal end of
the leg. Aprinted circuit board generally indicated at 40, is received
between the legs 36 in the assenbled notoy 10, and includes conponents
42, at | east one of which is programmabl e, nounted on the board. A finger
44 projecting fromthe board 40 nounts a Hall device 46 which is received
I nsi de the encapsul ati on when the <circuit board is disposed bet ween t he

legs 36 of dehg bqwerl%Z mddki N8 aswégfg DL 0bpdf): athEnERLEadgyg ce 46 1

in close prOX|m he rotor nagnet ectlng rotor
posi ti on téieéémeﬁola ﬂ?éfleferJéi |W<€h a HeotR¥t d‘?haﬁihe-?»%t isonounted|em the

i ncl udes aaggBt b& trhecakey (rrelrg)erg, )genem?é 'éhdﬂd@?t ed 8tradBeqapd tﬁué’e.r?ﬁ}%
50 around ﬁ% gh t he Iocatorlniﬂé§ ed. The bearing 50 recelrves t
rotor shaf £53%Yt Rr BFRT L HE X J-25‘2 “Fc&r %Mfr?lgtlt‘%eh%toﬁ* g gii tiheche
stator to feudrmfatsmbammbhghenﬂmzer HuY =2l ifaahTadss t e éﬁ@tﬁn%’d by zn
E clip 52 c e fr r qt affer i S serted
t hr ough thggg%’gt grg n‘%ﬁe %o gr[p 0%69 ccf“h{} %LbeSﬁnJFo%%edl i Fokes
56 to an amaghgrirci mrS8ridie mmm&mmnulmrrsmﬁﬁcmﬂﬁrmd )a:ccte:f:'r ne
a shroud apgundet s fanshbagdes Lo

“PCT/ USO0/ 080% g nmot Qr fObl S ass:em\g?ﬁg:at@ﬁg%cu %@%%Q—g& annu
rim 58 arEaFBr ﬁﬁﬁnaésoﬁésﬁ’l &cd dado rhnéiopé}lh)@rréﬂhb W@FY At ithe Haime the
i 'l ustrat edubnbedfseimed. The cup 54 is substantially closed on the left end

(as shown in Flgﬁe %tgggr?)Qz O N ﬁq %gedescribed in further detail
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



right end so that the cup can receive a portion of the ator
sugassenbly. The annul ar rim58 has openings 60 for rece @ﬂﬂaé?gg@éners
t hrough the kydnydershpunt the notor in a desired | ocation, WBSQI
refrigerated case (not shown). The interior of the cup 54 |s forne W th
gui de channels 62 (Fig. 5) which receive respective legs 36. A shoul der
64 is formed in each guide channel 62 near, the closed end of the cup 54
whi ch engages the catch 38 on a leg to cdhnect the leg to the cup (see
Figs. 3 and 16). The dianmeter of the cup 54 narrows fromthe open toward
the closed end of the cup so that the legs 36 are resiliently deflected
radially inwardly fromtheir relaxed positions in the assenbled potor 10

to hold t hé‘oé'-&c"cﬁeos i3 el ehoul T SR SBmeFPoEpent hgdnd sar iRl aRerim
cl osed endsef dxiee futindd {&i Ghe Pids rﬁﬁonﬁ 4 el ic ShovenidD be tmserted

into the cy to t 36 off t he oul ders 64 for el I ng the
connection® tpr\%t Agt%$$+%%r8:r s % FHonTEPRt @ a ks efl? ‘gs
possi bl e then@af&stanﬂ:tda/salsdmivrsassémge theamdt Dy, Tfud aypere pam rt ios

reconfi gur Q.E?%be(eqxp g0 %q@éayc,jﬁg@a%mr@:éw g&%{filqr?'cgf boar d 40).

The not or reasse Feinsert egs 3 $nto the
cup 54 unt Statlesy rorgy ke ssﬁﬂmietu@me mtab@mmmliﬁ\ Hag qpering$hesO

mot or 10 otso&h%éaélwxfgatﬁeéﬂstér{a@%w@mLar?é ©S{RO% TRAind strp@rtaar.cc% afhy

adapted, is as an evaporator fan_in refrigerated case. In" this

envi r onmeng, efsﬁé'%tlé’rcavﬂqn'bé”é';’pﬁed-rt & vﬁfe?lgﬁﬁtQ%sqaa?rﬁ:e(nQ%e case
may be cl eshedmout Hy:esnrrﬁ:}éﬁ‘lg:z\l\/aifeltl'ﬂentc@;ﬂﬂ Cmeﬁoioﬁﬁécerwlﬂre@sld@ be

d th t d to th ht of th t in the
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there i s aahopédieng 69 S@ptﬁmmd 1@0@61‘4:@ wmmmmmmmm a:lq':snédnt
in the conghpugle @me0 J}:h%elmﬁhqr nh b ggl%%%??}’rﬁl ?én%%}f  dde st

provi des protection esir he anount mat
whi ch enteggnpg@tnﬁhg»lag“;o the cup (see Figs. 3 and 16). The dlameter

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



possible site for entry of what is at the junction of t t he
rotor and the stator 22. An enl arged fragnentary vieM/gﬁsgﬁggbéﬁ%@%ion S

sshown i n Fi gvod@s7sdhe thernoplastic material encapsul ating therebatogisii S
formed at this junction to create a tortuous path 68. Mreover, a skirt 70

Is formed which extends radially outwardly fromthe stator. An outer edge
72 of the skirt 70 is beveled so that wate? directed from the right' is
defl ected away fromthe junction. The openings 66 which permt the
connection of the stator/rotor subassenbly to be rel eased are potentially
susceptible to entry of water into the cup where it may interfere with the
- operation efr tjlkdmi ricuithdosgtst rideer iqut | if ethei metbt . bopHe dcapaal sl g

t he conponents.42, .i e psulated to protect it, fromnois wever

it i SUIEE Shte sl e T T e Bt U ThaigfSrabtes
Accor di ngl yintifre thige @mmmnit o hva tmonfwlticledenteyahihe tmatry e wat er.
Referring QE Q. , ]ﬁgély ed. vi fsQne t 1.09S
66 shows agg\ggﬁgllley%&lﬁegrfcg%%re aoa‘ﬁ(r}h%grg%i%?mh?rgner e % %%b&gﬁ'we%g

edges |ie RA 2fptdife MPromAnth s ShRteigl €2 t o AN Ardrr st BeRLAry

paral l el tQikheof erdid udimali @xXiis Hhdlie IRtPIgshed! ofndtt AeaRdp POt c 45.
It is believed that water is spraégghonto th&lﬂ%ég%ég an aqgle of no

gi eater t hBAtEFiaty GNCIRSYAF G SHREROK me° 1Bk TR Qi THREERR K to
enter the opepregted aMrtddous paet 8.0 Mgpeddvemkiaglanrtany ei of £chafiedr
less will ejpther | ke [ p P er e I ng,
but w11 85 oEn eat SR gl il sty e BRRRAR'DS A e
construct efidge 7Rnkifbithemskirt! 70 dredams lgd o3 Wt aadeat B4 rertddrimam on

of ice within hBerCuR Wian dhed Ry ¥a-dk Used dikd gipf ri ger at ed

environment.. Moré particularly, the printed circuit board 40 9 Septenber
2003 WD 00/ 5754&RPCPPESIaIIT8 (41 Wis FhPeFdidr RIS CHA SR i deh®n and
proj ect i ngsedtveytoy ol Gubdsientilctid Bwardl ddsell #he pbiRaf LME@Acts are

ali gned Witsﬂsceptible 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 ocuter 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



an i.nner end of a plug receptacle 76 which is fornmed in
Referring to Fig. 14, the receptacle 76 receives a mlﬂ§$§y%oﬁ%é§@3d to an

el ectrical pouegySe4rce renote from the notor. External cont g&
shown) are al so connected to the printed circuit board 40 th? ﬁﬁ£@§g4hlug

78. The receptacle 76 and the plug 78 have correspondi ng, rectangul ar
cross sections so that when the plug is iqﬁerted, It substantially closes
the plug receptacle. Wien the plug 78 istully inserted into the plug
receptacle 76, the power contacts 74 on the printed circuit board- 40 are
received in the plug, but onIy partially. The plug receptacle 76 is

f d wi bs_80 h h
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I's made. Th ex osed portions of the power contacts /4, which are nade of
netal, te PP ubj BEECFRRY HECREF RS | FPtorShE WREE t AbSRoEERNggteds

used in Certtcaltlhd’ qﬁfimﬁéditd:ﬂfc@:[\lyllb@ilf@M@ tHiewesterche B @gseathe'rnéug 78
and ci rcui-t boardqf?eea,f{: lgcﬁteh h%f iéjrmatlon of ice dpes not bu 1
pressure b&tWeEt % PR RIF  1ika Yﬁmﬁ?FﬁﬁﬁQﬁPé&Rﬁd BﬁgﬁaFﬂ% Bfug
furt her avvaarcfsra)raecttine:ms rsmuthebtoacldencdnslpﬂglgelmtxnmtddscmnnect lon. lce
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not cause éégﬁﬁﬁégﬁ%éﬁinégbéggage ﬁ%ﬁg% prln CIFCUIt %o%?%hégu%r %he
plug 78. AdssHoWd ¥ irmerted intre e mlud cieqaptadienrts ACthe spowens. a
separat e s@lor¥aRNtAL I Szhd! ek dd QSR ATHMA AN &4 P 8Pt ABEL €803, WO
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t ubul ar 4 piug P
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



84 formed in the cup 54 which is normally closed by a st @6mp&smRpsabl y
received in the port. Wen the stop 86 is renoved the port can receive a
*probe 88 int @ eiIgstion with the contacts 82 on the circuit begru@odbhosthe
probe 88 is connected to a mcroprocessor or the like .(not shown) for
progranmm ng or, inportantly; re-progranm ng the operation of the notor,
after it is fully assenbled. For instance,.the speed of the nptor can be
changed, or the delay prior to starting €Can be changed.. Anot her exanple in
thé context of refrigeration is that the notor can be re-programed to
operate on different input, such as when demand defrost is enployed. The

presence of the port 84 and renpvable sto SQh.aII m/tg nnho ﬁo be
re-progrann@%t96n§0aftgpe§?n§Pn5§§%ﬁb?€'a%# T of * ﬁdai 8%& P&t PSR tof

t he lr)mt or imaﬁé@meﬁ i?pphécanpom wheckpoi d rwrm'eslk}eﬁeljosedt byt at Beopr elsﬁ
can be inserted i on on into I R-FL g. e
is nanifesf%ﬁ°%§Q$YtF8§8hv§6m§% %ﬁ% %%%g.gﬁﬁ%%%p%%étggﬁp Qﬁeigpfg 8“%25 ay
cor r espondi tige r pdge whAhchecsivecai vedbe nBd i nte repmmeqhbant Wothr 8be i s
orient ed '”c&fﬂ@aeégpg?yéeﬁytﬁs'@m it U948 46 OUdMhe | BrbBESeYaYs it S not

possi ble to 1ncorrec connect the probe 88 tao fhe programmin ont act s.
If the pro®enBectedntP prBPEFPHTEFEEFREET th%iiik@olnpk FBEWRAVedoFn the

port 84. AspshoMmhing Or, 2impberawelp) irachrsipsarimbhgt Ohe coperaatiohoblfi n),
general |y iagicated at _92, pmde o% f}pq%%nerif mat rialnapg a mﬁgﬁing 94
wound ar ourdR% HECERFe2L5RE I ntf nEi 11 LA WP TR i FRE e™2F 2B Eer N Ral
pocket 96 fopeed af the mpterecantlbe tdleasyed oroxorlee 9@ebyyt pradrakopi ns 98
received in .terpglpal _p The ] ' 9 a hg a
i tabl e e g feobe Doidigea T A GHIRE Aiyfite Sfn e o TELAESRS 26
However, itréfrigebatindeist toatthke BOHRY Gy POfrenpkeagarmedetectri cal

connection Gan-bee Usda e EBPLhe dERSHE | NSudh SPLeHdET dSRER Ve 8RLBE544
~ 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



PCT/ USO0/ 08041 12 fromthe scope of the present inventig;g?ﬁtémhérmgi si oned
that a plug-in type connection (not shown) could be used s no

sol deri ng mouj tﬁﬁ?ﬁecessary The ferromagnetic material for conducting the
magnetic fl001 e stator 22 is provided by eight distinct FdVeS00fftdtes,
generally indicated at 100. Each pole piece has a generally U shape and
including a radially inner leg 100a, a radially outer leg 100b and a
connecting cross piece 100c. The pole piaces 100 are each preferably
formed by stanping relatively thin U shaped | am nations froma web of

steel .and stacking the | am nations together to formthe pol e piece 100.
The | am nations are secured together in a suitable manner, such as by

wel di ng or fesharhé abcdpé ebt Otte eséﬁt m atrent ashnat iren 1(sh@wml@dewg
radially outer leg). forps the m gortlon of , the pole ﬁ ce 100, and

anot her 1 oriE § TG B A Yhe, HERREEE Phe (BBF PBRYD) | CAMLR BFe YFGRFY hat
one pol e pitgese mde§¢xm@&£@gl@@uldnb5|gecé&sdngs not have one side portion.

This is done intentipnall e V. a. r l.on .

devi ce 46, as de g %ﬁ%ﬁ% ?éﬁaé%ﬁgaf é? cénégc 168 g& h@% E% c

respectlve.ﬁhd5 b the stator ZbresZﬁrevldedabYthaghaddabtynmmn@plﬁeg 100a

of each pol V. entr ope 0 tQr core
p gﬁ;é&f% O%ter fﬁé} 2551 PafedCRt T Rbo ¢ p ﬁ!a # %B?ce bikhe shatg

and the 100b ext ends axi al the“outside of the
stator cor SeRIEELIY PoFharm A9 tiRcIRAENS 2 ’Tﬁ 1?@87@“ &nnEE; tiegn 1803 hé

radially Obﬁé/&iﬂwf&%é\ﬂ pegﬂemﬂbté}@dr@dcahhactmger:rbee paQkre whdiogh is
nearest to tor na net%ii n the ., asse i.s,formed wt

not ch 100d. ¢ R4 ik CFRTB O FEEF P E8TB6E: Yy SPORA SN of
the rotor walgnetveby righat iVeshapedecl poinapienesf160 wheebt bd mteel and

st opped. T@%af&lngugf'ﬁ?ee SRS A3 0 fﬁ%é@ﬂaé’}?dt r?Bl—HHEHEt 381e”§ﬁ%5:iea'1oo

W t hout depar rom the 'scope fesen I NVE
| ow power & ilamimsionhare (ﬁﬁFF‘%P-’% t%e%ﬁ‘-}hgrellpoﬂespﬂ-ééblﬁ SEPEETHr om

et al (nOtéﬂEHMHs BHtwd Y S REEPEEaP0DSteriock. 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



WO 00/ 57544 PCT/ US00/ 08041 13 nultiple (e.g., four) leg Wl e pole
pi ece bent down to extend axially across the w nding. ?ﬁgﬁﬁ%ﬂg&%¥%§es 100
are hel d andwpqmistdsgned by the stator core 92 and a central potaikodosos1
menber, generally indicated at 104. The radially inner |egs 100a of the
pol e pieces are positioned between the central |ocator nenber 104 and the
I nner dianeter of the stator core 92 in the central opening 102 of the
stator core. Mddle portions of the inner Pegs 100a are fornmed fromthe
sane | ami nations which nake up the middle portions of the outer |egs 100b,
and are wider than the side portions of the inner legs. The radially inner
edge of the mddle portion of each pole piece inner |leg 100a is received
in a respecmulMeiplent (d@a forwed leg$ hdefortndrthaenbde RPORCEoLGBECBOWRhE

m ddl e por ti on.ofedd1e POl ] Pi £ekosTNEnseRifddf4a are arranged to-position
t he pol e pieces 100 asynnEtric%h%i about #geq% cat or, nenbgrb104 | ane
I

No
passi ng t hr ough He BOMYIRIRFFR i TS g APBELReRNE .YOEhSnﬁtgtor
i ntersect i npEdoserid Diemerdebcat or | vedbsect Sehbgaldgaindoeatbe gol e

Ut or 1 egs 00D S RN HerieT TRgRcio% Of TRE PoLerooecrs Sommet)ic
to faciIitzpasfﬁiﬂnddupeGWEenn#hﬁ.céﬁ@rahdla¢&@onumembedgk06fandethﬁner | eg
oo a0l A PSRRI o LAncRbLBtcealcopEtlis)
A pair of Gk qfl0de SIOEIer 3ers- | MY RIFLioRSeaEhthe| &NPRECESIBO. The
di ffering anmy afdedF Hmdd & rdm hehel Mam@ PRaRIMtat { 875 FWHSch SmaRe &f tBé! ects
t he angul ar , of fset of, the I i eces 0. The pole pieces and central ..
| ocator meMAE PHNETRETE SRMPTTEHrTo J9bH §a805Ts WiRFhStPaRethow
each pair isidsgeutalard Wi htie pa'ltrteiz_f:ulegs pol Ehe prad¢tadbyobanendedfet b
ocat] on o AU ARG LI Stk abh B S R CISL BBbE i 1
si de of thesdaeiored dt 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



9 Septenber 2003 WD 00/ 57544 PCTI USO0/ 08041 14 100a' rat
radially outer edge. Another of the ribs 106d associ at eé(;gé\ﬁjt%plﬁgrié@

unbal anced p@lgogdsefae has a |esser radial thickness because [~ ﬁ%ﬁ%ﬁﬁﬁlthe
radially outer edge of the wider mddle portion of the inner Ieg

The central |ocator nmenber 104 establishes the radial position of each
pol e piece 100. As discussed nore fully below, sone of the initial radial
t hi ckness of the ribs 106 nmy be sheareddff by the inner |eg 100a upon
assenbly to accomodate tol erances in the stator core 92, pole piece 100
and central |ocator nenber 104. The radially inner edge of each outer |eg
100b is positioned in a notch 108 fornmed on the periphery of. the stator
core 92. Reiefal ngatbertbhBngdtrs6r8dialhe cenerakdbecat anonbetreofl@hehas

opposite e c e e are
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pi eces 100.5 fghﬁgﬁyfbi | t t C b 04.1i ed

around a neta rot or sﬁg?gégggg?ﬁ bﬁ fo g%%t+€ g%?% g?ﬁb?%%ét ﬁEéFg?bghe

life of theRbtesntmrl TlrféC%FfaFo*Fe‘ala% b2¢. \Theliryddallypbnuepi edge 260,

central |ocaicK dmger1dd4 eod 1Be@ésﬂglér1@d a{¢ Al hoeBrapsy! abeflelNof the
thernnplastlc t,0 formthe stator e ends of the_rotor shaft

terial
bearing 18F %eﬁa‘f %v%?%dss\?’fﬂrtﬂ%r%n%psﬁ%%—?%lﬂ%t%?‘r’aizo BigRat 6-Bhe
rotor shaf ttlif ezl roeaved hénbernhlthecheasppgsite 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}.
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nDunt'the rotor 24 on the stator 22 (see Fig. 3). 9 Sep
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‘const ruct i onwofeossisa4el ectric notor 10, a preferred nmet hod of PGEEE0MISY4IW | |

now be described. Initially, the conponent parts of the notor will be
made. The precise order of construction of these parts is not critical,
and it wll be understood that sone or all ofcthe parts nay be nade a

renote | ocation, and shipped to the final asSenbly site. The rotor 24 is
fornmed by placing the magnet 35 and the rotor shaft 32, having the insert
34 at one end, in a nold. The hub 28 and fan bl ades 30 are nol ded around
the magnet 35 and rotor shaft 32 so that they are held securely on the
hub. The housing 26 is also formed by nol ding the cup 54, spokes 56 and
annular rim58 as one piece. The cup 54 is formed internally with ribs 112

(Fig. 5) mhicqzﬁgﬁxyggg-igéeﬁﬁggring the printed circuit board 40, as wll

be descri bed. uit board 40 is fornmed in a conventiona

manner by connect iHav gt descoiprhdies antrudtd et the edrctpiefnerey

embodi ment, t hg PIOL AL LS Y P S 2dubde, PO AP BAdSsIAiBEE. Shot
r

into the circuit bo O, rather than- bei ng rffounted Qéhsoj ering éFig.
4). The Hal| d&ditdaldey | SheRRmRINGH HAFYS Mferthfy WG gt ronfefe. The
t2)<2)a_rd ?ng el qﬁerdil@é |dr@@ﬂrk€flt<§iﬂ'1§u}:muﬁﬁﬁlmﬂ_ et Sﬁlﬂé‘s@&pdm hioargbt Tdeisiatd

i ncl udes several co ent rt re or e rior .0 a stator
sl v e A Y DS ki St hatl Sondrd st e SpRER by 2o
beari ng 110, whkideh & sremantee bicdrionmrze arfhesleiptedfta i dbnal dddepbbyr ude
fromthe | ocatgqr rd b Sat | k£ O

témt“bfﬂoe ‘lx%ltor-r hey P;f‘{fdlgnédl%% ﬁpela{rr?-.l‘iit’h(% rﬁ%ee i ek MENang the

| ubri cant sufficien |'ast the |1 tetine of e stator core
92 (or bobbi nyratemmhett aidl WANRDIGHE FMARTE 34 A ARe @i Nk e T8lform
the winding 94N Hi1e 56 a4l £ Bladde 1P| L ieTed WrAnR fthdatadiet 35
stamping. mui L b6, (L Ny A0S AL L STARSY LAMIAY U LEHY A0

‘ 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

of
securely on the hub.

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
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made in two different forns, as described above. The Igﬁ§ﬂg%ﬁ%ﬁ23@§e
stacked together and welded to form each U shaped pol e piece 100, the

| am nati ons we@wvéEssd he | onger outer leg and wi der inner |eg fﬂ?ﬂh§&u addl e
portions of the pole pieces." However, one pole piece 100" is or e

W t hout one side portion so that a space will be left for the Hall device
46. The conponent parts of the stator. 22 ﬂge assenbled in a press fixture
(not shown). The four pole pieces 100 whic wi |l be mounted' on one end of
the stator core 92 are first placed in the fixture in positions set by the
fixture which are 90 apart about what will becone the axis of rotation of

the rotor shaft 32. The pole giece 100 gre .positioned so that they open

upvardl y. THETIBAELRPS| GESt BFoRERERIY 10808 4N B¥s Tig TEREE EHIBEe@I n ¢ he

fixture in desegtibeddaboveent Zheobambdaeibesd arler etgirdie terfd titdr apeni ng

102 of the  statqr._co 2 e,radiall.y _inner .edge f the mpdd e |,

portions ofw?ggegnﬁ§r%EgéseiggéuogggﬁgdeP CoFaEE 3@%’ A&ﬁ;ﬂﬂﬂﬁ?ﬁFlons

rT ﬁspect i \d/e bawtisglOhe g.on_geu ontepelegdﬁnﬂ Whdexc éminea 1:e|cg:aimrmgrbnar' rddied.
e wound s : r S t he e e ' . L

pol e pi ecesba%?(%s:ﬁ%ungghibagégéi %i?%gsfi XF&%F’B%M%&%E’?’I%&E%%?O&@ eclregg

100 are pl afedmpd VAERPHLt gRe 8b8ScPPRELISNaSEr thate 20Zpans Wil the lefite
angul ar posggrophehay1n Bbvaseupg.relative to the stator core when

Gownver oy and. aF8 pGETPPRREH REFER GaS: FBfis SRAFGR 40c 48 GResibladbiA o
positions opréss pokeurpi énes showhp. boThemfohirt pelki phiwces oo pieisch
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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



It engages. The inner |egs 100a of the pole pieces 100 nber
2003 WO 00/ 57544 17 PCT/ US00108041 the central opening %rgze%?n%%%b ator
core 92 ‘and gRPRH8s{she ribs 106 on the stator core projecti “%:ﬂ}sfao/&{a%
central opening. e variances in radial dinmensions from design
"specifications in the central |ocator nenber 104, pole pieces 100 and
stator core 92 caused by manufacturing toI erances are accommodated by the
i nner | egs 100a shearing off some of the lfaterial of the ribs 106 engaged
by the pole piece. The shearing action occurs as the pole pieces 100 are
bei ng passed onto the stator core 92. Thus, the tol erances of the stator
core 92 are conpletely renoved fromthe radl al positioning of the pole

pi eces. Thehadienttakaparing 10k ¢bltheietator. corenfist ape engsgpythe
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el ectrical qrclzaotﬁén% t)gn@vér{% I[t@se 10?# otk é&aﬁ%ne*sgbﬁgte Blg%l et ngy covered
by the enceanﬁla'mmgﬁmcm |C‘a:ICL(1§e@EF| e gole meegksru?oaaﬁdbﬁégs B&sgré

formed out fed oS WrauBY @il sawhi ofnencapsal ebesrhhecEeBRi Beer sohtbhe
stator. The legs 36 are oreferabl rel%ci %/el | ong, titutin
f

appr oxi mat GIGFORE AT 1PTE 4R ¥8F Sredal pabititntae of
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without mechanical interference of the stator 22 and rotor 24.
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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



114 are fornmed which project axially in the sane directig¥k5§§nbé;§boPegs and
require the stator 22 to be in a particular angular orientation relative

to the housi n the 9 Septenber 2003 WO 00/ 57544 PCT/ U | 8
connecti on igﬂﬁégégmﬁiill further, printed circuit board supigg?%ﬁgééuk
formed. Two of these take the formof blocks 116, fromone of which
project the termnal pins 98, and two others are posts 118 (only one of
which is shown). The encapsul ated stator 1B is then assenbled with the
rotor 24 to formthe stator/rotor subassenbly. A thrust washer 120 (Fig.
3) is put on the rotor shaft 32 and slid down to the fixed end of the
rotor shaft in the hub 28. The thrust washer 120 has a rubber-type

mat eri al cromEctsice tapabie. of StAbiofhroheyj bpaihoed, capduat! Bwakgi ction

ol . iy E¥T : H
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into the biuge28, d 'béé‘@sr?i%’[#f‘??%{%ﬁg 9&@1c1§%€$'¥ﬁ§w{sptoug the

bearing 110 at the center o One end © earing. 110
engages the | oWhe gGapsilafeedfstanert B2 ubs themersgsewbledt watht thehub 28

can rot at edicaelzu wt&fﬁ%tsﬁ&ébh@@@fi%aéﬁ%f%.thﬁ”éﬁr&@éher 122
is placed_o tth%{eﬁﬁendsﬁf t he bearing 110 and the clig h2 | s_ shaped -
onto the &RETST tHe r ¥t startS #Us R e (FREFThafraft adhotRPassiBadrvwn

t hrough t he lder ifiggedThars] dhehotootdd slaftsemirethy hapbnted oDhéhehstator

22. The pg,l i | 1 C to the stator/rotor

subasseanz.gh%%e_qazgoggjl%sl ;h/ap g&tﬁée}: p%ﬁ%erg‘{tg%lcaai (O AT SHOT i S2PPPR Pht ed

in Fig. 4absgeding ébuatelona.orarxd a hbew osictiomwmsaténial| anitlye obther
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legs 36 of . th stator 22. The finger’
recei ved TPR iﬁwoﬁé'ﬁi%%@aft&rﬂﬁll il idipHathenn2d faces tanizhbly

devi ce 46ocnawhbdlgntovaridatd RGRIn iendesd tdHRNefhBVMdd] N FHE 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
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encapsul ation next to the unbal anced pol e piece 100
W t hout one side portion so that space woul d be prOV|ggH§¥%ﬁm€ﬂéﬁﬁgl
devi ce. The gigd/seds4t he circuit board 40 nearest. the stat orp@RusigRes
the bl ocks 116 and posts 118 9 Septenber 2003 WD 00/57544 , PCT/ US00/ 08041
19 which hold the circuit board at a predeterm ned spaced position from
the stator. The termnal pins 98 prOJect fromthe stator 22 are
recei ved through two openings 126 in hetTircuit board 40. The terninal
pins 98 are electrically connected to t he conponents 42 circuit board in a
"suitable manner, such as by soldering. The connection of the term nal
pins 98 to the boaﬂg ggéls the only fixed connection of the printed
circuit bo¥fdctobe Gﬂrfyleﬁ?§§FaFSrFrBFBﬁe§&EE§§§§bFPa&ﬁé t he

pLInted Clp?ﬂhtlo?ﬁﬁtdn?Qhﬁr$ﬁbhF& coggectedmhﬁauhplhgusengra§etelngnplete
the asse (0} e or e |1 edgs .
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115, “he ™ shBdBRiaDES (B SBBLHRE 1R E B L IBARLATEICS ShikEBu o
ends of th@anegs, 3§u§hea§e@y|§@léﬁrﬂnelr dheeFoBpgStion Pécphat§9§méﬁ@ﬁy of

the legs ipinstbe egpthéd. bBQ%dcub EQDEhé ofliyght kgt ewahdctl snchesedeend
and the Igsgﬁ nmardl fromtheir rel axed

36ﬁ§re deflecé rad %
confi gur at PHRECGReR1FAYE BRaEa Pﬁet ﬁpsﬁﬁﬁoﬁs hey are pushed further into
it. When the c'zahehsBatat:/tbeoendubhseamhlyegndl ehespihacelogligeni6d at

that the GSPerdcsbigzs  ERER, cBfnakiBarEd Phs AR08 E8 0P ¥ cBHRlREE Frdl,
its reIaxe@5®©mblyoﬁfsbhehaptpr i sThpi 2ead sadauel glognedreiyghto hold the:
catch 38 opefheceioy! d8hnnb4s Ebe ﬁngﬁge ﬁtSQH%ﬁaetﬁétEQng khatBe

shoul der 64, prevents the stator/rotar asse clLrcuit
board 40 f?%hg%%¢hﬁlﬁptHBF&ﬁﬁeFréﬁﬁtﬁ@rﬁﬁ 27y thﬂecﬁﬁtéFEQOFlgs 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



Is now fully assenbl ed, wthout the use of any fastenerg, oget her
construction. The printed circuit board 40 is secured i%fﬁﬁé%gaﬁgﬁgh,
interference“&J&mﬁghh,the ribs 112 in the cup-54. As the stator/rotor
assenbly advances tnto the cup 54, peripheral 9 Septenber 200FCRYBVPEIL,14
PCT/ USOQ' 08041 20 edges of the circuit board 40 engage the ribs 112. The
ribs are harder than the printed circuit board naterial so that the
printed circuit board is partially deforggd by the ribs 112 to create the
interference fit. In this way the printed circuit board 40 is secured in
pl ace wi thout the use of any fasteners. The angular orientation of the
printed circuit board 40 is set by its connection to the termnal pins 98

fromthe s ) hg. aggg n 8 re;thu lig 14,0 t he
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For instance, a post (not _shown) fornmed on the stator may extend
through t HEFERFRUTRS HREFREGFRATRCRtve aPushiRurayhheoRTagaessCimmait
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circuit board w thout discardi ot her rts of the notor. This can.be

done be i SETHly 203%0614 ABtY gfgf'ovﬁﬁc‘ﬁ%)% tc%etci"%p‘é?ﬁﬁﬁ§ 86 VAthREtcRSYed

end of thermigrferant: pfid ng tithehecatupheas: 38 mff iMetshes! dar po4. (hbtt he

ot or pas%ﬁﬁwhneformed 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
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qual ity assurance tests, the stop 86 Is placed in the p rd he
notor is -prepared for shlpplng It is possible with the% F)én%$Q#P
present i nvegld @744t O re-programthe notor 10 after it has begh Qp
fromthe notor assenbly site. The end user, such as a refrlgerat

manuf acturer, can renove the stop 86 fromthe port 84 and 9 Septenber 2003
WO 00/ 57544 PCT/ f 7S00/ 08041 21 connect the probe 88 to the progranm ng
contacts 82 through the port. The notor zmn be re-programmed as needed to
accommobdat e changes nmade by the end user in operating specifications for
the notor. The notor 10 can be installed, such as in a refrigerated case,
by inserting fasteners (not shown) through the openings 60 in the annular
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tongue 132 PS5 FS&E F 8 I Fh@°§Pﬁg receptacle 76. Prior to engaging
the printed curEhetmbaard104canthe phagalaeémgageh alse ino@atdefy igdrsat@d i n
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m croproce n I | phas to 00 I_n
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- Soo incl uéiesshownat on b2 Hadeaged shﬂgpéushaéeamnmewg;mde 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



direct current power fromthe source 501 is supplied tog%k%%&ﬁﬁm%%b%Ching
circuit via a power supply circuit 503. The power switching crrcurt may be

any circuit woppsqmut,ati ng the stator 502 such as an H-bri dg,%gg%ﬁwgﬁﬁ]ng
or e

power sw tches sel ectively connecting the dc power sourc

single phase wi nding of the stator 502. A pernmanent nmagnet rotor 506 1is

I n magnetic coupling relation to the stator and is rotated 9 Septenber 2003
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magnetic field created thereby. Preferably, the notor is an inside-out
notor in which the stator is interior to the rotor and the exterior rotor
rotates about the interior stator. However, it is also contenplated that
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connected 8 LRheekrbihdiespl4okor selectively comutating the power
switches thereof to ,comutate the single phase w nding of the stator 502

as a function BIPPRECPEE| EFBACSI FHAR Al dge VEBRTPR 10 &ni s qnvidessnd
514 is proyndedevstatbrnsodlfokr dercidet iRIhes o it i6d G ttdFotdd Bls
hopl 6 t R RTRT Epr bREcyaRashy SRt Tt AR ANde O pes EaRR iy
resets theviaclkopeobe8sondstatihgn thiee dedleicagd YoBiappri ed the hetor
hr eshol d Tor abover Phares qapednrer 812 el ety et e S B et a1
t he ni.ni mMAANMHiagERCIEdinged BYCrRPIRCESSHT0EASs aeshonsiyenfar ansl
Theref ore,rdd®iving 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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purpose of the reset circuit 518 is to nmaintain operati %ﬂ %g%ﬁgtabllsh
operation of the mcroprocessor in the event that the voltage Supplied

via line 51 el ow t he preset nininun1required by the gssor
514 to operg?gﬂﬁgﬁﬁponally, to save power,' the hall sensor 5ﬁ§ﬁﬁ§§Mﬁ§
intermttently powered by a hall strobe 520 controlled by the

m cr oprocessor 514 to pul se width nodul ate the power applied to the hal
sensor. .9 Septenber 2003 WO 00/ 57544 PCTI44500/ 08041 23 The m croprocessor
514 has a control input 522 for receiving a signal which affects the
control of the notor 500. For exanple, the signal may be a speed sel ect
signal in the event that the nicroprocessor I's progranmed to operate the

rotor such thatthge iE@E% é%ﬁggyngfg Sa% Ewgt%%lrﬁ%‘ugly Vary?_nspeeds

Al ternatively, € notor ontrollTed at ‘cont g speeds
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addi ti on t?otrhgxal‘&?hle S@REOls 1301 %yom;@ anébetc_-e”a%&%w%1§€nraa_or1n5%ﬁemy be

provi ded to sense the tenperature of 'the anbrent air about notor. This
enbodi nent evgnﬁaFPﬁ&uFQﬂ PLGEOPFOCRTSR T HE Papalrawsl &5 \?§§r§tﬁaﬁhﬁh| ch

noves air tBeewgbuahcendensee fs(tratdxermvncagmaeadeasart gode bt e@rbeat or

whi ch h h II
Flgures | SbeoFRESnao8a08a mnt 2RS 1ye0desEaP MRERFYARY: Pacieont SR honds
to a tenpeattaestdhubhelyi varying spieeds bhetowtoes am@otdungramldlng a
tenperatureg Rﬁ?&lzuk%d' C%B&:“Qxfagrﬁl‘éet 96t gﬁacEeBEeB%;%ea 'é&‘u%?x“ﬂ%”%ﬁr

appl i cati ons Wher 6 fan is rnto CoRGSHSES
t enper at urea tpPeBears SPhe anapptdena cHEEPATaEBTEnGenSOTs FR4dTay Pef | ow)

i s adj ust efrb0iaeaoYbd8ehbe Fhai Rempaeadadeabt Ehewaaablbhe EE%SHB%Qt the
tenperature to opt ze FEe heat transfer en_t an is

air over tHet EBndeﬁg% Bdﬁgﬁﬁér&Fupértﬁgﬁfé§iﬁtEsgﬁﬂﬂeHPePeﬁﬁéréngé

pl us the cﬂaagerimeSeapeaatuhech 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



(At) added by the heat renoved fromthe condenser by th ir stream In
this case, the notor speed is increased in response to%ﬁﬁ%ﬁﬂpaﬂéﬁﬁéonbined

tenperature (speed is increased by increasing notor torque, i.e.-
reduci ng the‘g'BcS’%?s‘“devi ce off time PDOFFTIM see Fig. 26). ARGTUSHMIS0sY,

the speed the notor could be set for different tenperature bands to give
different.air flow which would be distinct constant air flows in a given
fan static pressure condition. Likew se, 54n a condenser application, the
torque required to run the 9 Septenber 2003 WD 00/ 57544 PCT/ USOQ 08041 24
notor at the desired speed represents the static load on the notor. The
hi gher static | oads can be caused by installation in a restricted

envi ronmen | .e.., efyl { i ui l.t-JJ ecau t he
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evaporator icing or increased packing density for the itens belng cool ed.
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t enper at ur gﬂF&?@ﬁtgmyéFFrfﬁpFaFHslﬁﬁ CR56H &xft &FW’F%ﬁﬁﬁfature. The fan
speed woul d beSddillstrdg,appr eprpatrekbyrt eppidickaionishe thesiimerkreased

t enper at ur e i y QL C GO i

sw t ches a?tgéegrﬁg%%gﬁggegahggte ﬁéeﬁggn§§?§5§§§§5g?§ﬁ§ggﬁﬁ§%Jga%gﬁgﬁ% air
f1ow rat e BRCKAagarensdtiginsyvEhenytene baingcerndeded to the rotor 506. In

this case, the WhCEaR @ECEHAI cobhérBiaYi §88raBedhak BnsSaghali dit 24ld Valndo
al arm 528 when t he tor SiﬁEd bs g[ea er than a desiréd speed
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operating. exAt weiirhcobeidgsthedfoodqueThiBeesthaiisedogpees Fan Hes blown
- through the evaporator. The inlet 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



det er ni ned by the m croprocessor as a function of an inbég %3 %@bg | oad
of the notor and changes in static | oad over tine. FiguP&®P qur ates

‘one preferreggpegisment of the invention in which the nicroperpeRsHsspls
is progranmed according to the flow diagramtherein. In particular, %

flow diagram of Figure 23 illustrates a node in which the nmotor is
comutated at a constant air flowrate corresponding to a speed and torque
whi ch are defined by tables which excl ude® r esonant poi nts. For exanpl e,
when the rotor is driving a fan for noving air over a condenser, 'the notor
will 9 Septenmber 2003 WO 00/ 57544 PCT/ USOQ 08041 25 have certain speeds at
whi ch a resonance will occur_ causing _increased vibration and/or increased
audi 0 noi s8avepEeFSadn spfedls GdcWhiichr & re@soamsdcsr widilsecsagurcassingual |y

the sane ghcHeiskdr ﬁ@%a%&%npra%@/gxaalnere%rew Gulad howaen t R d@iLorar and
its associated_ fan are nanufactured fairly close tol erances. Therefore,
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exanpl e, croprocessor proceeds to st sele
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power device off tine for mnipum to a
Corr espondt g BOREPEREGREE0S! PLAI HEVLAPBRRERFRLAR FOF REXRUATRORERnSH: | s
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this 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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the notor to stabilize, the mcroprocessor 514 selects a PDOFFTIM for a
m ni rum poweVARGEN# (P') fromthe table which provides curreRETESAVIEA by
correlating a m ni mum power level to the selected |level of variable I. At
step 558 the microprocessor selects a PDOFFTIM for a maxi mum power | evel
{P,) fromthe table which provides curr@at control by correlating a
maxi mum power |evel to the selected variable level |I. 9 Septenber. 2003 WO
00/ 57544 PCT/ US00/ 08041 26 At step 560, the m croprocessor conpares the
actual PDOFFTI M representing the actual power |evel to the m ni num
PDOFFTIM (P", i Mt fosteph$s0) . ché mhercproatsRDOFEIMParesgreést ectudlan t he
m ni nrum P c r e ep
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equal t0 NghakX ies WhHRimhm "PSOFREIM € SEDGMAPTM t DepTaxi ”HHEVE{\E.HQO 96cles§%rt he
m croprocessor 5 4 roceeds_to s&; 566 to H}{(‘:rease I f, at

step 560, RTRCHT oRER 0752 AN (R IF SR ERRPaYRTERR chﬁéﬁe PI§O""F’TI‘3M i s
| ess t han m:ﬁmm|v§.h1é he, M Df NiM s W‘I&N &JP[&EIH.M:& Ri," thet he

m croproc CEE to ste 568 res_the_actua PDCFFTI M
r epr.esent ﬁﬁ%&%cfélt Sg‘?r %’6‘3\%? 2V %atoelf e tres? nfift PDORETF for this
. If the Otam:cwiseRDG:ﬁﬂ'um |lselb@§3 tttimnttﬁm rreRck imumPReE el lﬁlo@‘PlJJGéléTltMa

P'a,,), the;m 7 ) bl
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m cropr oce=® - proceeds to step 572 to set | equal to 0. Otherw se, | nust
be greater tharnt h&atmsﬂiéﬁerG/@' lLEhé Qhicroprodd s B CE 0B 86RESANE nekd thia@ceeds
to step 57 %_ecreaps&g ﬁ){ step., I'f the actfal PDOFFTI.M.i s | ess,

t han of OFFT ess than or equal to the minimum

PDOFFTIM {(PDOFFTIM < PMn), 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



m ni.um and i s greater than or equal to the maxi mum so E wer to
both steps 560 and 568 is no, the notor is operating aﬁﬂﬁﬂﬁe@ %é%%

power needeq”b%wg;sgyl de the desired air flow so the m croprog&g&g@ turns
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to step 552 to maintain its operation. Alternatively, the n

514 may be programmed w th an al gorithm which defines the variable rate at
which the switches are coonmutated. This variable rate may vary

conti nuously between a preset range of at27east a minimum speed Sj, and
not nore than a maxi num speed S except that a predefined range of- speeds
S1 +J- S2 is excluded fromthe 9 Septenber 2003 WO 00157544 PCT/ USQO/ 08041
27 preset range. As a result, for speeds between S1 - S2 and S1, the
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rail 600 twhinhutonmttcbeesCﬁhanﬁowéi st ehtipgt cSwciGh QAvdaeipliwes one
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BQ®. Qut put smntc X . is control ch receives a
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gate of Qhrcﬁirwu'getDsOpﬁ@vﬁ&e&thlﬁlaS:@aihaéoawtbcﬂnﬁﬂiﬂ SwakWaks epernehen
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when swit
connectlng sw1tch 02 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



The single phase winding of the stator 502 has a first §en1ng gn
second termnal S. As a result, swtch QL constitutes 3 SR ?ﬁ%@ switch
connected between termnal S and the power supply provided via rail 600.
Switch @B cH&sti¥sddes a first output switch connected betweerrQraiSed/ngot S
and the ground rail 602. Swmtch 2 constitutes a second input swtch
connected between the termnal F and the power supply provided via rai

600. Switch 4 constitutes a second outputg swi tch connected between
termnal F and ground rail 602. As a result, the m croprocessor controls
the first input.switch QL and the second input switch 2 and the first
output switch @B and the second output switch Q4 such that the current
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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
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24, if th e I Ve $r ife Ais
set to 16§a§ﬁd§%&§% g‘rl%%?fr‘fgls ypassﬁy and no'ti% qui reerd r@the speed is
less thaPrOsecsdem itsoPrevildadnitthaule qurrent senging.ss)Spradidiqadddine

of Fig. 2¢nansiin8smirl@ertiRa sy Pes Fudicefibn @F &hdligpdaangrerdied xefedd e

tolimt current. "A""is a variable and.i.s calculate%%y arn. qtéatlon t hat
r epr esent ¥DSTBEEFLYIY temperature protection is provided wi

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



ni ni.mum val ue at a gi ven speed (speed is a constant rrultl lied by 1/TINPS,
where TINPS is the nmotor period). Then, if PDOFFTIMis? ‘%Qe"lﬂﬁiﬁ%ﬁ’@M is
set to A so Wbaﬂws% notor current is kept to a maxi mum desired val ue at
the speed the or i's running. As illustrated in Figure 18, PERYSAYIM!
includes a reset circuit 512 for selectively resetting the m croprocessor
when a voltage of the power supply vdd transitions from bel ow a

predeterm ned threshold to above a predejgrm ned threshold. |In particular,
switch Q disables the m croprocessor via port MCLR/ VPP when the divided
vol tage between resistors R16 and R17 falls below a predeterm ned

threshol d. The m croprocessor is reactivated and reset when the voltage

returns t e t£ 0/575 PCT] U 0 41 30 t he
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i || ustrat @dases preferred enmbodinent of a strobe circuit 520 for the hal
sensor 508. Th ggk%r ra&%ﬁ?r e \%#E {ngg dy si gnal
GP5 which int 2rlm tte%ﬁ?qggégrs O%te sensor%as ovvna‘%ﬁ Figure 21
by i nt er mStEEERE Fig1Csith §2ni pls@ﬂstﬂrnéoalol t'%@% VB2 to the hall
sensor 50811‘&':@;#&&%5@81: g@r@ﬂa%eQ '%u@s%cbﬁ'&‘lﬂ Encf AICH 2R Of § kel Poper
supply ci t 38 nglles t he voh@gﬂ5 Vin for eneng I ng the
stator si éﬁ"pl’r &rﬂﬁlﬁ&eﬁd} RS SHEhe GETSRF TR a?}%@:'%u’prbl i es
vari ous oFhgureoktiabes 1f:memm:u:mﬂtllwn@1bhanlg- shriitdge GD4arahbforidingi ng
the mcro 0 1 Ll i vol t ages
includinggéggg%g ngrgglgﬁﬁgB%%%t% VO|%B% %8?5 tq%’ﬁaﬁ ches QL-4, VDD
for driving t Eégwrer agr Ggegséﬁhemzlﬁodlésmmqft Fté‘lm@dwe;!erﬁy-mplﬁo& and

VSS whi cheligcl:he g@At Wwelki c(pll G 1ef ehan LEWNEr N
referenceg tg the in l 5 k!’Bclvo ?a eggrlga%%ungoéorfrom$ﬂi %pﬁ?e

vol t age VFR2FPE 519859 Qgésrenf"llﬁglnge?’ilés t@&pchFérdg@l 504 and which

also supplies various other voltages for controlling the H-
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



Flgure 20 illustrates the inputs and outputs of mcroprocessor 514. In
particular, only a single input GP4 fromthe position SFadembey 2088d t o
provide-information which controls the status of control signal BGb
applied to SWEUHEE to control output switch @ and input KEWEIN0OAM4ANd
which controls the status of control signal BB applied to switch @B to
control output swwtch Q4 and input swtch Q. Input GP2 is an optional

i nput for selecting notor speed or othegifeature or may be connected for
receiving a tenperature input conparator output when used in conbination
with thermstor 524. Figure 28 illustrates a flow chart of one preferred
embodi nent of a run node in which the power devices are 9 Septenber 2003 WO
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the end ofaxmedteosmappiyon, the tine power devices will be off the next

time the g @Mtﬁéﬁ%gmé'@@vi@ c@&ﬁ@ crﬁEﬁ%M = TINP/2. (The
commut at i he start routine,.this
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five to allow for four times the power . devices will be turned on durlng
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gorit etc.).

eAfter eight commutations (1 motor revolution) and at the
start routine exit, PWMTIM is calculated:
PWUMTIM = 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



Commut ation tinme set to O at each strobed hall change, @@ oD |%' he
saved hall strobe value. During notor run, the flow cha@ em?ﬂ12§
execut ed durin each commutation period. In particular at step 702, the
comut at i on ‘FP%@/575§4f| rst checked to see if the motor has beeRCTAUSOWUSD4
notor position for too long a period of tine, in this case 32n5. If it
has, a locked rotor is indicated and the programgoes to the |ocked rotor
routine at step 704-. Oherw se, the program checks to see if the
commutation time is greater then OFFTIM a8 step 706; if it is, the
comut ati on 9 Septenber 2003 WO 00/ 57544 PCTI USOQ' 08041 32 period is
greater 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 pemivtiatisogrcater |tshamrﬂmared£bﬁrﬁaa]p dddrées RNGWhe | prod rérﬁ
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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 deviges off and exit this routine. If A is not
equal to zero, COUNT8 (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 achleved 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



The timng diagramfor this is illustrated in Figure 27 | n the.locked
rotor routine of step 704, on entry, the |ower power dg\ﬁe(pge@gﬁr@ﬁﬁr ned
off for-1.8 seconds after which a normal start attenpt is tried. In view
of the aboveWOi0f/54#| be seen that the several objects of t hBCT/HIWAS4dN
are achi eved and ot her advantageous results attained. As various changes
could be made in the above products w thout departing fromthe scope of
~the invention, it is intended that all mpter contained in the above
description 9 Septenber 2003 WO 00/ 57544 PCT/ EJSOQ 08041 33 and shown in

t he acconpanying draw ngs shall be interpreted as illustrative and not in
alimting sense. 9 Septenber 2003 34 Clains: 1. A notor powered by ado
power sour c LSENgri a8 ' [Warell S €W i HH 35 o RO WSS
swi t chi ng %ﬁ?c§$¥&ﬁa%ﬁnShSO%EFggg?P?ﬁégh95?“§§@§c?F@gﬁy%fbﬁheé??Eg theﬁ%o
power sourtklestraeivengné phhsénNwAndilfgtiBSp&CREFent magnet rotor in
magnetic coupling relation to the stator, a position sensor on the stator
for detecting the position of the rotor and providing a position signal
indicating the detected position; and a control circuit including a

m cr oprocessor responsive to the position signal and connected to the
power switching circuit for selectively commutating the power swtches to
comut ate the single phase winding as a function of the position signal;
wherein a resonance will occur during the operation of the notor within a
predeterm ned range of rotational speeds of the pernmanent nagnet rotor
causing increased vibration and! increased audi o- noise; and wherein the
control circuit is progranmed to operate the notor to selectively avoid

t he predeterm ned range of rotational speeds at which the resonance occurs.
2. A notor powered by a do power source conprising: a stator having a
singl e phase wi nding; a power switching circuit having power switches for
sel ectively connecting the do



power source to the single phase wi nding; a pernmanent magnet rotor in
magnetic coupling relation to the stator; a position sefstPtI¥APErHO03t at or
for detecting the position of the rotor and providing a position signal

i ndicating the detected position; and a control circuit including a

m croprocessor responsive to the position signal and connected to the
power switching circuit for selectively commutating the power switches to
comut ate the single phase winding as a function of the position signal;
wherein the mcroprocessor commutates the switches at a plurality of rates
whi ch excludes at | east one rate corresponding to a speed which causes
resonance. 3. The notor of clains 1_or 2 wherein the rotor drives a fan and
wherein the m croprocessor comutat®¥ the switches at a variable rate to
mai ntain a sghgtggtially constant air flow rate. of the air being noved by

the fan and whel@bts: foded by 2t RRkSotrd SmpsmsUdes a range w thin which the
fan resonates, . 2003 35 4. e notor of claim3 wherein the

9 Sept enber
nicroprocess%?mmfﬁgﬁﬁﬁﬁﬁﬁpHWGEWG%ﬁithn1mhich defines the variable rate to
vary conti neousirgwisbigwienit lavipg @set svitdrger efectilybqastinid,l and not nore
than S vﬁK&ﬁR£uhﬂﬁhg@Fﬁﬁéw%&$£3d range of speeds of Si +/- S2 is

excluded fromthe preset range such that for speeds between SI-S2 and Si,
t he m cr opr o@EETBRNGPBRATNS mppgnctipeogpling glation o @ sl f or speeds bet ween Si
and Sl +S2, t heositinGEBEHIOMESS6 for dRENtiN BRpokiie JTale@ltoralg 51+52. 5. The notor of

any one g gaB&gggg%ﬁﬁ¥%%§¥q?dgg%%$%lbLhedrotor drives a fan and wherein

the m croprocessor cormuta the swtc €d"at a rate to maintain a
subst ant i al | Y OB Figgit inglpdingrd migpopregessorafspankize togthe pokitinrstgnarayged by the fan and

wher ei n wﬁ@attembgoﬁemtm&mt&sbla@b&ym&a%&ﬁé&%% wLange of speeds
w thin “ﬂhﬁﬁmﬁﬂﬁnﬂ%ﬁ esonatres. ._TQg nmot Qr of claimb Wherein the table
i ncl udes spee sé%“ﬁ%?%?s, %yﬁfﬁgﬂ$?% fseos8snsigwalh speed set point and
maxi mum t or quhered a aeserancs el dowte tugngi thet oparationnhethe indtok Retin I Cr OPr ocessor
conmut at @fedétbieniewi QS réthtioRat Mplols %P'Elfeep%ﬂx%gdt”ﬂagn&%tgr”%m?fg the speed set

. . . . n
points wilhl D\l iy Thm and Jrexi mum torque.

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 o
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.



7. The notor of any one of the preceding clains wherein the rotor_drives a
fan and wherein the microprocessor comutates the swit &heaPterber 2003y 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 croprocessor 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 wherein thedotor drives a fan and wherein the
m cr oprocessor commutates the switches at a variable speed rate to

mai ntain a substantially constant air flowrate of the air being noved by
the fan and wherein the mcroprocessor provides an al arm signal .when the
motor speed is ¢redlls woban of ddsined wieeedn Ctld aEROPGNG LGt he

substanti al li\cGQAsE asdt Algerkt ) h \ claim9 ,wherein the
desi red spe%g:ks det oz CIMIhALE d%fﬁlggrgo@ég&a(r}rlggi% %ﬁcf? oft¥¥f an

luos:g#rﬂned by the m Ut

initial statrc loa FECRDIDPTERTE RIAGeRE 134 lepat | Smitoand awer ti ne.
11. The not FPTSf thAy Yk ekcerle thabcedinegef inederanyer ef nsgehes simghe phase
wi ndi ng has +/i-r st aadesccded feiTcAal SresterShde IRRNPONE! fosWi i SHLNY
circuit CO”W&!t&%%naQIJ-'é_i”a'nqg§1,hQ:\ﬁ'engi@rer'xroggs&P:peJ e SPLL o, Cornected

bet ween the fi rsgt_ eén%ntal and#hg pove supgn%l, avi n% &PFi PEOT ower
switch connéct 8d bat heen FhEPe495 LECYeFhiSHafndrkE 482gr Bfid, having a second
upper swit cf1EORABEEEEPD OPRERYES [fBeseetrd atefsal and the power supply
and having a second | ower switch connected between the second term nal

and the ground,s.amiee MbeF &y ' -ocessor, controls the first and
second upper, sy tches. and }tiyhéenlgs {{rﬁéﬁ Feg%[érlg %ﬁ%\’f‘lf*@‘%%ﬁ%‘ﬁ"ﬁ?ﬁé@ such t hat

either the first upper sW eh-oPRaTEoFre CLEBRACTDRE Stitdiesarte a
si mul t aneousi&FSofénmaintdia aseehatantppbly swhstantarndrt fitod irasé dOWRE SWi t ch
are sinult @&ieolslipg openi bi2chd fRannBh@vwiRiechata Lhewhes gep; ihe by

M Cr Opr oCesSS0rtable which excliudes 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.



controls the first and second | ower switches and wherein the first upper

switch is connected to and responsive to the first Iow@r PjERe 208h t hat
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
Sept enber 2003 37 second | ower switch such that the second upper switch is
open when the second | ower switch is closed and the second upper swtch
i's closed when the second |ower switch is open. 13. The notor of any one of
t he preceding clains wherein the m & oprocessor is programmed to inplenent
a start up node wherein one of the power switches is selectively closed
for a preset period of time as a function of a rotational speed of the

hecel erat oh T eRE Bhes bl fPiEbabuing YRR e b uENER S B e ein
| ocked r@hﬁrwmm:m&helmlqmmmﬁ%‘dcwaﬁﬁé tlor GWispasd a&sai ndi cated by

the positiom,sé Qéb%ledl $a4£%% hbmAnpsestistaneially abherard given number of
rotationg, L Lhe. SlAtheUpMdeng IRvelNty MHOEaRl afd AbBkdeh Whgrel n the
| ocked r&t8¥ TP&%5iItT ne cu

Oopen_ circuits sw_t che reset .period of
tinme anticHeRreleTIReHTSTLHE- 4P ?](ﬂﬂnl ﬁégnal]B wp‘?ﬂ rf’ﬁ)f“SFg °PEPRi m 13 wherei n

t he m crder geesser tismn préegiaededresst capresramdind rith theutine after a preset
nunber ofgeoaMdtal iPenkBatdiaist a1dw wateode. 17. The notor of claim 16
wherein in the run node the m croprocessor cormut ates the switches for 1

comutations at a _constant ta perigd. an rein,the comutation
period is adjifstedhevest rI\)P’g ‘%f“ % "@’ﬁ“ S48 léPT %ﬁ i o‘ﬁsg?e?ﬁ?&s speed, the
t or que ordéthecngionsit Emttlm mifrenyqogseonias RefyRatden a8 arThaititlor of claim

17 wher ei 9§ e MGEOBE 0aRsS sOtor ot thlisyeshési stputi cshbdd besr stiote .t hat each

I nput switch is open for a mninmum preset period of- time during each 9
Sept enber 2003 38

11. The motor of any one of the preceding claims wherein the single 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



comut ati on period whereby over tenperature protection i [ QVi wi t hout
-current sengi ng. 19. The notor of any one of the precec??%ﬁﬁ%mg?r%% erein
the M croprocessor controls the input switches such that each input switch
is open for a mninmmpreset period of tinme during each conmutation
" period wherein the mninmumpreset period is a function of the speed of the
rotor whereby over tenperature protection is provided w thout current
sensing. 20. The notor of any one of the preceding clains further
conprising a reset «circuit for selectively resetting the m croprocessor
when a voltage of the power supply #tansitions frombelow a predeternined
threshold to above a predeterm ned threshold. 21. The notor of any one of
the preceding clainms further conprising a power supply circuit between the
dc power sesdee 1@t Higt i [N | i sal ower supply
i ncludi ng_a | ogsl ess m? h%‘r?l\gﬁltqc}'l I%Wa{:f%e %P?%‘?S}F‘%\ﬁ RG-S e aPpaHor in series
urc

with the “ag" poner sd WeB SWIkChot B CloERa ra Sleaserondowepesour ce and for

use withS¥iteh Forlaped ndeni rhec srpridiloger aswittahoks hepanng a singl e phase
wi nding; a power switching circuit having pover switches for selectively

connect i G fHae r ce to the single phase vinding; a permanent
magnet rgtgo-lfﬂéi wgﬁ{a Oﬁg‘}tﬁ\f@nigﬂlipqei ﬁrgecerdgpa%‘"aﬁ%{hﬁreﬁ)‘t the @F&Pfe?esaqtgfdisi n driving
rel ation td’r?sﬁﬁm'f"&%,m ineisEgitentiat UpODEge 3Bertinane effier miwer SvigRGSAI on t he
stator for W@@‘Yid"g?@f_ﬂﬁﬁmﬁ@fb%ﬂir&%faQWfQgﬁgt%ng}_sé]e%%ﬁ{gg; ure of dt he
nmovi ng air [ erature signal (ndicating t etecte

t errpe?at ur eO@gﬁth%g%g%t ';a%f %c%ur%jcggtl {0 3 %%‘15{?8{‘5%5 °%[‘S*ﬁ”i: P@fﬁr@@%’é%@iionr esponsi ve

to the tenpdéﬁﬂﬁg étagiuﬁﬁ}i’fje'and connected to the power switching circuit for
sel ectively opening and closing the power switches to commutate the single
phase wi nding as a function of the

14. The wotor of claim 13 wheréin -7 locked rotor 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 motor of claim 14 wherein the locked rotor
routine open circuits the switches for a Preset pericd 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



tenperature signal, wherein the operating notor speed

eterm by an
algorithmor a table, and wherein the m croprocessor d?gsg%nrji‘?m%f@%s
conmmut ati on for

a preset period in the event that the operating notor
speed is less than a m nimum and wherein the m croprocessor i s responsive
only to tenperature signals provided after the preset period.

Title: M CROPROCESSOR CONTROLLED SI NGLE PHASE MOTOR W TH EXTERNAL ROTOR
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commutation period whereby over temperature protection is
provided without current sensing. '

19. The motor of any one of the preceding claims wherein the microprocessor
controls the input switches such that each input switch is
open for a minimum preset period of time during each
commutation period wherein the minimum preset period is a
function of the speed of the rotor vhereby over temperature
protection is provided 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 a lossless

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 moving air compriéing:
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;



err err err err Abstract [err err err err rl err
%err} [eEr] ][e£r] %er£] [érr] [err] %err} %err} [[erﬁﬁéeme%F%§#¥% Lerr]
[err] [err] A nmotor powered by a dc power source has a stator having a
singl e phase wi nding. A power switching circuit of the notor has power
switches for selectively connecting the dc power source to the single phase
w ndi ng. A permanent nagnet 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 circuit including a3#icroprocessor responsive to the
position signal and connected to the power switching circuit selectively
comut at es the power switches to comutate the single phase mnndlng as a

function of the po%k%&é@%éﬂ senaierr]tﬂerrdator for 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'powar'switching
circuit for selectively opening and closing the power switches

- to commutate the gingle 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

1 only to temperature signals provided after the preset period.





