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fel ates genergfh%/ s electric notors and nore particularly to an electric
not or havi ng r#ﬁ 'fied, 5 easil y assenbl ed construction. AseEidonses

el ectric notors requires that a rotor be nounted for rotation relative to
a stator so that magnets on the rotor are generally aligned with one or
nore wi ndings on the stator. Conventionally, this is done by nounting a
shaft 10 of the rotor on a frame which is attached to the stator. The

shaft is received through the stator so that it rotates about the axis of
the stator. The frame or a separate shell may be provided to enclose the
stator and rotor. In addition to these basi @ notor conmponents, control
conponents are also 15 assenbled. An electrically comutated notor may
have a printed circuit board nmounting various conmponents. Assenbly of the
notor requires electrical connection of the circuit . board conponents to

t he wi nding andaﬁ%ﬁp?ﬁ%ﬁlE@ﬁ@RfERVIEGeSNAPcabNHEUWEOﬁIﬂBsEﬁBﬁ? ﬁﬁ&ﬁb?
power source. The 20 circuit board itself is secured in place, typically by
an attachnent to the stator with fasteners, or by wel ding, solderlng or
bondi ng. Many of these steps are carried out nmanually and have significant

associ at ed pduddibof €R6t snvedBechast eners, and any other materials
used solely for %ﬁl&gnnectlon are.all additional parts having their own
associ ated costs an t|?%F%%ﬁ%%dr?%?t%§s%ﬁﬁ??aliﬁl§@aﬁé%§tGiCtMetonapanént
parts of théqde@attdamwtarly nustabeeTont 0t a:s9 Eé‘ﬁin ]L::Iimg %P@d

assenbl §d MUYy et O %5h§£§§5%glﬁotate relatlve
a

wi t hout 30 contacting_the st air gap between the stator and
the magnets on t RESEHRYY i2f prlgetrid marops orequiges hehat ransdesr Obe

magneti c fl mouretade @t h:ébtféltﬁn i S BO e o W Lt or 5o that magnets on
the rotor are generally aligned with one or more windings on
| the stator. Conventionally, this is déne by mounting a shaft
10 of the rotor on a frame which is attached to the stator. The
shaft is received through the stator so that it rotates about
the axis of the stator. The frame or a separate shell may be
provided to enclose the stator and rotor. In addition to
these basic motor components, control components are also
15 assembled. &an electrically commutated motor may have a
printed circuit board mounting various components. Assembly
'mof the motor requires electrical connection of the circuit
board components to the winding and also providing for
_ electrical connection to an exterior power source. The
20 circuit board itself is secured in place, typically by an
attachment to the stator with fasteners, or by welding,
soldering or bonding. Many of these steps are carried out
manually and have significant associated material labor costs.
The fasteners, and any other materials used solely for
25 connection, are all additional parts having their own
associated costs and time needed for assembly.

Tolerances of the component parts of the electric motor
must be controlled so that in all of the assemblegd ﬁotors, the
rotor is free to rotate relative to the stator without

30 contacting the stator. A small air gap between the stator and
the magnets on the rotor is preferred for promoting the
transfer of magnetic flux between the rotor and stator, while
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rotate. The tolerances in the dinensions of several co?%%ﬁﬁgpg &gyshave an
effect on the 'size of the air gap. The t.ol erances of these conponents are . ,

addi tive so tweawostsaisi ze of the air gap may have to be |argerpS; Q@Emm
desirable to assure that the rotor will remain free to rotate In a p
the notors assenbl ed. The nunber of conponents which affect the size of
the air gap can vary, depending upon the configuration of the notor.
Motors are commonly progranmed to operate in certain ways 10 desired by
the end user of the notor. For instance certain operational paraneters nmay
be programmed into the printed circuit board conponents, such as speed of
the notor, delay prior to start of the notor, and other paraneters. Mass
produced notors are nost commonly progranmmed in the sanme way 15 prior to
final assenbly and are not capable of re-programm ng follow ng assenbly.
However, the end users of the notor sonetinmes have different requirenents

f or operatl@ErMhuﬂﬂhgrﬂnéﬂroddr &Qﬂkﬁtﬁﬂe thenand 43eh Ry Ghange the
desired &E%gl Cgfraqpters of the notor. For thIS reason, large 20
i nvent ori es ot ors, RV 8ds FOPPOYRRtFabRY BRveuRn efégcds Onar &heept

to satisfy shaenpfi adileofa.arprgalpcat rI‘hastolEk-aﬂtéBCoﬂDﬁ:ﬁégeh&\bﬁl '&S‘A@h%@ are
appl i cationgg di t e the notor

pr esencg _of mggggb% thg&§% etF?%ﬁn? #8 1) 888rQ?VoHa§ﬁdtP|P@ &93ﬂ%¥
not or, 2 25 &HanuﬁeF§Nﬁh%§ tPoaﬁééﬁethbaStaherrahdrcwmﬁnokema&ﬁuka¢ fteee of

accunulatloaetatewahehlllbfl%h@ehbt&BQ“QsEQmﬁﬁgﬁcég neShatBE,20g ?;gg;atlve

conponent s ter mass
that the co §P§§eﬁPﬁﬁ§Fa§é?€F Fhﬁnﬁéﬁ?epfn@hﬁnalﬁcﬁaputanlngrym t he
not or be kegependanQOupDnnmhqncénfagdratgeﬁloﬁOQEQrﬂowefn the notor is used
uncommpni v the. reseE e Pt oo SORISRL et PR TRO, PP sOPShaFe SouFestasn ways
danagé@ by €B8irednhyi sheokndcusen ef echeimator. For instance certain
cperational parameters may be programmed into the printed
circuit board components, such as speed of the motor, delay
prior to start of the motor, and other parameters. Mass
produced motors are most commonly prograhmed in the same way
15 prior to final assembly .and are not capable of re-programming
following assembly. However, the end users of the motor
sometimes have different requiremeats for operation of the
motor. In addition, the end user may change the desired
- .operational parameters of the motor. For this reason, large
20 inventories of motors, or at least programmable circuit
boards, are kept to satisfy the myriad of applications.
Electric motors have myriad applications, including those
which require the motor to work in the presence of water.
Water is detrimental to the operation and life of the motor,
25 and it is vital to keep the stator and control circuitry free
of accumulations of water. It is well known to make the
stator and other components water proof. However, for mass
produced motors it is imperative that the cost of preventing
water from entering and accumulating in the motor be kept to a
30 minimum. An additional concern when the motor is used in the
area of refrigeration is the formation of ice on the motor.
Not uncommonly the motor will be disconnected from its power
Source, or damaged by the formation of ice on electrical
comnectors plugged into the circuit board. Ice which forms



- connectors plugged into the circuit board. Ice which f er
2003 3 between the printed circuit board at the plug- |ﬂ%coﬁhec$58k@§2 push

the connector away fromthe printed circuit board, causing disconnection,
or breakage of the board or the connector. Sunmary of the Invention Arong
t he- several objects and features of the present invention may be noted
the provision of an electric motor which_has few conponent parts; the
provi sion of such a notor which does not3have fasteners to secure its
conponent parts; the provision of such a notor which can be accurately
assenbl ed in mass production' the provision of such a notor having

conponent s tol.erance to n|n1ze the effect, O
addi tive toﬁggg%%:lgst EfItPe prO\‘}l | S 5&“3@ gﬁ Plygrin eeinegcor can
r e- pr ogr armBUsk ot Fanrpectes aweyefoy; thﬁepriprt@dl siloouiofbsaswt, a not or

whi ch i nhi bessside dinidoisicenioh, vetBreikd utht%aT@@rtag provi sion of
ower terrperat ure

such a not Oé?!yﬁg#'b resi sts damage and malfunction in

oper ati ons urt ‘among the several objects and features of the present

i nvention may be noted the provision of a nmethod of assenbling an electric
not or. Whi ¢ hSumess ef the shepatpm N ni mal Iabor the provision of such a

nmet hod, whi ch mgmogbz ns V\/n h_nmust be made; the
Ehe ﬁg‘?“""‘%{m ?e],;%gtsc Teptity the BysFENGe

provi sion qf.. ~sych™a i 2 z

t ol erances "’t"ﬁé‘uﬁF‘oW& 'aﬁ rted dhey RF@t"H@éOWE rﬂ!pe?rhqqtnppmogoamﬂ ng and

testing fomMhdwhnhabi fiew asemorEgt et hecharpmﬁﬁrbnot,fsgﬁghaaqﬁggad whi ch

IS eas to r amelectric notor of the
y whiGh &s8s ﬁé)ll; Yhave @él%qleqfs 835 g@l!li‘@%. g (ﬁ"amgo eRL 03 H o and a

pr esent éﬁnt i on CO%@I’ I%ES fcg_b a st at or rnclu
wi ndi ng. woUN§ BROYIRTPS 2t 5™ rae““:’FFPEI Whish cammhe pgcurately snap connect or
el ement wi elsembled atomasdsa porodnatiing ; athe opoovisionUdENgudh $eddor A :
hOUFlng Iﬁhﬁ@iﬁ@dcdﬁbdﬂédﬁ% RAfRPRBJoFOcaR iy AU t%&grgﬁcégqét é%%gﬂ %Lly
encl ose t @hétgfgéct of additive tolerances; the prm_usiou of such a
wotor which can be rée-programmed following final assembly; the
provision. of such a motor which inhibits the intrusion of
water into the motor:; and the provision of such a motor which

resists damage and malfunction in lower temperature
operations. .
Further among the several obj'ects and features of i:he
present invention may be noted the provision of a method of
assembling an electric motor which requires few steps and
minimal labor; the provision of such a wmethod, which minimizes
the number of connections which must be made; the provision'of-
- such a method which minimizes the effect of additive
tdlerances, the provision of such a wmethod which permits
. progranmng and testing following final assembly; and the
provision of such a method which 1s easy to use.
Generally, a wethod of assembllng an electric motor of
the present invention comprises forming a stator including a
stator core and a winding wound on -the stator core,including
forming a first snap connector element with the statog and forming
a rotor including a shaft. A housz.ng is formed which is
adapted to support and at least partially enclose the stator
and rotor. The rotor is mounted on the stator by inserting



~and rotor. The rotor is nounted on the stator by i nserty pé% égﬁhsnber
2003 4 the shaft through the stator for rotation relatlv % at or
about a longitudinal axis of the rotor shaft. The stator/rotor subassenbly
so forned is snap connected to the housing, wherein the step of formng a
first snap connector elenent conprises tdhe step of encapsulating the

stator core and wnding with a thernoplastic material and sinultaneously
formng legs fromthe material, the | egs each projecting axially of the

stator and- havb g a catch forrred integrally at -a free. end of the |eg.
I'n anot her &pEbathrehupugly shenstatRe fiqromotafereredative trmtthe general |y
conpri ses &tataeroabouiclaidiohgiaudivibdrader Ff €ehe \Mdﬁdtn&@& t hq-hgt at or core,

and a firsltafsp/FHHE Ghsseyhlf B Fornda £ Qa{]e - Sonn Udl ;L%quu ?o ![he

recei ved |Ethe stalbor. %ﬁl aBgtanno :
stator ‘abolftH& YEHT T ﬁaftep §°6F“ingt#leflr§ﬁaﬁ{lal’ . A housi ng adapt ed
to - supporqoflfﬁéQ%'a@lﬂmmtdcbmmeam:@easfsmmﬁjegnapsulmnmgcthe el enent
forrreg t herstiator TEerd i didt w&ﬂaandjwmﬁhor;hskﬁdﬁ%tﬁthé m&!&q&@g m{h t[‘e .
second sna €,S nd rotqr to the
housi ng; \M%e%g:ﬂﬁ&%\&ﬁ]‘? %g?'s"% %naeﬁ' %rr]\%'é' {;15'? mtt?fegﬁ% t ﬁg st

conpri ses EFEPB&F“H@S“%F‘&HEC@? fehe sbatereand haying e ctntichy fhvned). capabl e
of resil entindegt#Ily @t aOfbe¢ @bj &F thanliegeatures of the present invention
will be in pagt ae&e&&nta ti BEPGhE pﬁ&s&ﬂdiwéndwhel aafémctﬂ?: Sept enber

2003 - . 4a Brief De t

el evat i ondP*5P% ﬁeg?ra m?)'ril?%ﬁs X &@J{l q%élﬁ%%% i Laﬁa?&ﬁ%sll—y G 2 i s

an- expl odét#}ﬁ’épgp@%t‘i% ’iﬁaé?\ﬁroFoEﬁnp%‘h%rﬁ Li%PE 5UaR SQBESEYT of the motor:
FIG 3 is elemeatti calratcosdnsdudiogat shiafly 46 rereivedsintthel avetor; FIG 4
is the st giffe 888 AotiiidCGECEheUbbtoPardlatipe asledhe stator about

the longitudinal axis of the. shaft. A housing adapted to-
support the stator and-rotor has a second snap connector
element formed therein. The first snap connector element is

' engaged with the second snap connector element for connecting
the stator and rotor to the housing_; wherein in the first snap connector
element of the stator comprises plural fegs projecting from the stator, each leg being.
capable of resilent deflection.

Other objects and features of the present invent:l.on w111
be in part apparent and in part ‘pointed out hereinafter.



fromits installed. position on the stator; FIG 5 is alr}§ lﬂ d@o
fragnmentary view of the shroud of Fig. 1 as seen fromthe ?ra i ae "FI G
6. is a side elevational view of a central |ocator nmenber and rotor shaft
bearing; FIG 7 is a right end elevational viewthereof; FIG 8 is a

| ongi tudi nal section of the | ocator rrenber ~and -bearing; 17 Septenber 2003
WO 00157541 5 PCT/ LI S00/ 08038 FIG 9 is4@n end view of a stator core of the
stator with the central |ocator nenber and pol e pieces positioned by the

| ocat or menber shown in phantom FIG 10 is an opposite end view of the
stator core; 5 FIG 11 is a section taken in the plane including line-

11-11 of ﬁjﬁefi@egEkSigtianiﬁfatﬁqﬁéﬂiﬁ_& arged, fragnentary view of the
notor at the | ti f ar h hesator FIG .13 .is a section
taken in the p?’l’g%e in u%inn }%%f?l ed %ﬂl‘? %I §9 8F FRSIFEERe printed
circuit b&Rt@x] Anpﬁbﬂtﬁ‘ﬁﬁfmm a|fapirating connectl on of a probe to a

printed cirecui Fmbo:arﬂslahtéwpméw(b@@a@t&wapma:&f Idbrigor@ntephi-os taken

in the pI i n 4 4of Fig. 5 showing the printed circuit
board in rﬁgﬁt %%59% gfdiﬁléfel us ratl ng a power connecto%{)l ug expl oded from

a plug recept Eife fis o wantchanl gxpan @ectional gyiew| fragnentary
vi ew of thesaﬁb])éd md;d;w; rati ng snap connection of the stat or/ r ot or

subassenbly with thie s }%J%ta%;%xl:la&g'l jaeplri el Ok ta%o%@d()&xf: Sded

mcroprocessor cont rolled si or accor to the 1nvention.
FIG 17 |§r8ms{‘sﬁ%n’d!ﬁ"@]d|°ébmﬁ %Qup(‘}h@r‘?%‘b‘b?y of the notor of Figure
16 accordi ng tpI¢hes i et iedilavdeder If&ﬁgmehyaryt*mammﬁemh&uﬁﬁkﬁuﬁldSEU' t

coul d be E@Q' 71 6k Tler? FXonl YR 1950t side;
FIG. 6 is a side elevational view of a central locat:or
member and rotor shaft bearing; .
FIG. 7 is a right end elevational view thereof;
~ FIG. 8 is a longitudinal section of the locator mewmber
. and bearing; '



: r a non-doubling AC input. FIG 18 is a schematic L& orf e |
\2/(5)IIQQe reset for tge m croprocessor of the notor of Fi'g é”l‘ ??@bg{ﬂl ng
to the inve '6)n FIG 19 is a schematic diagram of the strobe for e
Hal | 30 seng%# l}({)s.f"'s"tlhe notor of Figure 16 according to the |n\P«£n‘rusom?sosa
FIG. 20 is a schematic diagramof the mcroprocessor of the notor o ¢ e
Figure 16 according to the invention. FIG 21 is a schematic di agrar1n70

Hal | sensor of the notor of Figure 16 according to the invention. L o am
Sept enber 2003 WO 00/ 57541 6 PCT/ USO0/ 08038 FIG 22 is a scherratltr:] |atg ;
of the Hbridge array of wtches for commtating the stator of the noto
of Figure 16 according to the invention. FIG 23 is a flow di agra][nthe
illustrating the operation of 5 the mcropfocessor of the notor ot he
invention in a node in which the motor is commutated at a cons_taﬂ a|I de
flowrate at a speed and torque which are defined by tables whic ?thu
resonant points. FIG 24 is a flow diagramillustrating operation o e

i rocessoFId. theidiref $h&, idwentdon.ip a,run, oo after
g?am)cr?ﬁ whigh the safe o er;ﬁati ng area of the motor s n}a%ﬁ?a%ﬁ%tboﬁnﬂ‘t;;‘éﬁt
current sensiig by ﬁ%@‘i ﬁd’% i S 1anG iRRLY opiecesh powetiowed dhy t
m ni num of f loaasoge pemitieny sirowrt i gfieattod; the rotor. 15 gl G 25 :‘Z a
timng diagrami lglhust rating | e tagritteup die Whlfh provi des a sa f
operatipg area (SOA) control a?ZDcf oft speed*H & 56’-? SHWEIDERRIt 0
one pre?erred enBddi- mdat it a isasitdmenttatien of dhe ﬁ]laﬂd‘lgj_rgﬁﬁgiﬁf% of -4 gur e
25 illustratiirgl 2@ Fhg.stiat up node which provides a safe operating area

d. FIG. 27 is atimng diagramillustrating the
Eﬁﬁﬁ%p ﬁ832r0| b??&? 99 %%e% greatly enlarged, fragmentary view of th

motor at the junction of a rotor hub with the stator;
FIG. 13 is a section taken in the Plane including line
10 13-13 of Fig. 5, showing the printed circuit board in phantom
and illustrating connection of a probe to a printed circuit
board in the shroud and a stop;

FIG. 14 is a section taken in the piane including line
14-14 of Fig. 5 showing the printed circuit board in prhantom

15 and illustrating a power connector pPlug exploded from a plug
receptacle of the shroud; ani

FIG. 15 is an enlarged, fragmentary view of the motor
illustrating snap connection of the stator/rotor Subassembly
~with the shroud. )

20 FIG. 16 is a block diagram of the microprocessor.
controlled single phase mbtor according to the invention.

FIG. 17 is a schematic diagram of the power supply of the
motor of Figure 16 according to the invention. Alternatively,
the power supply circuit could be modified for a DC input or

25 for a non-doubling AC input,

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

FIG. 19 is a schematic diagram of the strobe for the Hall

30 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 diagram of the Hall sensor of the
motor of Figure 16 according to the invention.



- which provides a safe operating area (SOA) .control ba 25
FIG 28 is a flow diagramillustrating the operation oﬁ$q¥ﬁ@”W$%?§§?ocessor

of the notor 60&€% #nvention in arun node started after a preset nunber -
of commut ati ona {7 the start up node wherein in the run node FOTAIS00/08038

m croprocessor commutates the sw tches for N conmutations at a constant
comut ation period 30 and wherein the commutation period is adjusted every
M comrutations as 'a function of the speed, the torque or the constant
air flowrate of the rotor. 1 7 Septenber 2003 WO 00/ 57541 7 PCT/ US00/ 08038
Correspondi ng reference characters indicate corresponding parts throughout
the several views of the drawi ngs. Detail ed Description of the Preferred
~Enmbodi ment Referring now to the drawings, and in particular to Figs. 51
and 3, an electric notor 20 constructed according to the principles of the
present invention includes a stator 22, a rotor 24 and a housing 26 (the
reference nunerals designating their subjects generally). In the

il lustrated embodimgentyst 1 f the type which the rotor magnet
is on the 10 .%uilsi de ofztﬂﬁ %%%T;%nédsq%%%a@mogﬁi%@%f 7 N0
Accor di ngl y Y7 SSotRT PTG ARART & heuts 28 dhad g Heamdy cadless B negl
integral |y seecediny ard fHo] Betdmdidradi ally from the hub. The hub 28 and
fan bl ades 30 argIgprng as on iece of a polyneric material. The hub is
open at_one end and ‘1S def & &/iA5F 3th IRILE T trigigort hsh opefra tidr of
mount e on the magrepsfoadrsdwin i Eilg mdrorTE Ml tinde S 3t ti?xﬁ@e%otd% tig-‘?
hub 28 by ﬁhhaﬁeEhe3ﬂuM£%¥ﬂ1g %EHBI%%% i.nto the hub, along w.th the "end of
the shaft when the gub and fan bl ades 50 AFef SPREFANK 248t SLowagrée 38 a
expl oded frBRFEAeaPEt GOTNaFWRich faxel dedsnad2BynmeghebisC wHALE eak1amd i ron
backi ng. Foresbmphtcpbdntidhe rotor nmagnet 35 is shown as a unitary

material in the giammags” The __back iron is_also nolded into the hub cavity
at the tine the . 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 operatihg area of the motor-is
maintained without current sensing by having a minimum off
time for each power switch, the minimum off time depending on
the speed of the rotor. |

15 FIG. 25 is a timing diagram iliustrating the start up
mode which provides a safe operating area (SOA) control based
on speed. |

FIG. 26 is a flow chart of one preferred embo&iment of
implementation of the timing diagram of Figure 25 illustratiné

20 the start up mode which provides a safe operating area (s0a)
control based on speed. |

FIG. 27 is a timing diagram illustrating the run up mode
which provides a safe operating area (SOA) .control based on
speed. '

25 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

30 and wherein the commutation period is adjusted every M
commutations as ‘a function of the speed, the torgue or the
constant air flow rate of the rotor.

"



 hub Is formed. The stator, 22 which will be described i her detail 25
below, is substantially encapsulated in a thernopl asti cﬁ grregjﬁéerplﬁ?{lﬁs%‘he

encapsul ating material also forms legs 36 projecting axially of the stator
22. The | egs Y480U3BH! have a catch 38 formed at the distal engcfusohsosfg
A printed circuit board generally indicated at 40, is received between 30
the legs 36 in the assenbled notor 10, and includes conponents 42, at

| east one of which is programmbl e, nmounted 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 17 Septenber 2003 WO 00/57541 8

PCTI USOO' 08038 circuit board is disposed between the | egs 36 of the stator
22. In the assenbled notor 10, the Hall device 46 is in close proximty to
the rotor nagnet 35 for use in detecting rotor position to control the
operation of the notor. The stator 22 5 also includes a central |ocator
menber generally indicated at 48, and a bearing 50 around which the,

| ocat or menber i sConpedpend e féi%iéﬁhéxkﬁé¥éﬁég¥%t*ﬁ?* hatl_S2
through the,statof gguéﬁé nqﬂgﬂrg#éhe rofor 24 on t @éﬁéﬁcﬁbf?ﬁﬁQﬁ%@lﬁg
subassenbl y.FFhe rotor 24°Ts e FOFite SteiDobEhsy dnawimgs clip 52
attached to the free end of the rotor after it is inserted through the
stator. The jtausi s 36s 4 e Mdes) & £UR. 54 1 olned by Lhree spokes 56 to an
annul ar rim 58. e_SpOoKes efine a shroud
around the fan bIERESTBIRGRAY e the minawirk®,i andsdenipaed i QLW Fhgs.
spokes 56 and aamhd aran i flehd i ndryr B 35S C&e from olymeri e
material in &q% f ﬂé&ﬁ{ t?? enbodi ment .. The CUEEE% |€Q§ﬂ&§iﬂ%i€él%h%ﬂosed
on the leff éend (as SH  BESGENL 1T Tiompdncdpdeson statod git, end so
t Eat t heI CUFOtar Réceind a houdiiy 5 Qﬁ:htehQ‘e%@_r\'éh@fEOhﬁFr@EQﬁ s #@%&3@%@ .
e annul ar ; or .receivi, asteners throu I m
Loe ann thghﬁgki% o cﬁ@?%@%@%aQQy). et Re 1T9ustrated embodiment, the
motor 10 is of the type which the rotor magnet is on the
10 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. Tbe hub 28 and fan blades 30 are formed as one piece
of a polymeric material. The hub is open at one end and
15 defines a cavity in which a rotor sh-ft 32 is mounted on the
axis of the hub (Fig. 3). The shaft 32 is attached to the hub
28 by a insert 34 which is molded into the hub, along with the
end of the shaft when the hub and fan blades 30 are formed. A
rotor magnet 35 exploded from the rotor in Fig. 1 includes a
20 magnetic material and iron backing. For simplicity, the rotor
magnet 35 is shown as a unitary material in the drawings. The
back iron is also molded into the hub cavity at the time the
hub is formed.
The stator, 22 which will be described in further detail
25 below, is substantially encapsulated in a thermopiastic
material. The encapsulating material also forms legs 136
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
30 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
dev1ce.46 which is received inside the encapsulation when the



~a desired location, such as in a refrigerated case (”°H7£§gmﬂﬂﬁ 20
interior of the cup 54 is formed with guide channels 62 (Fig. %} mﬁich

recei ve respegdpysiskeds 36. A 25 shoulder 64 is formed in each guide
channel 62 near the closed end of the cup 54 which engages t RCTEHIBHSBS on
a leg to connect the leg to the cup (see Figs. 3 and 16). The di aneter of
the cup 54 narrows fromthe open toward the closed end of the cup so that
the legs 36 are resiliently deflected radially 30 inwardly fromtheir

rel axed positions in the assenbled notor 10 to hold the catches 38 on the
shoul ders 64. Small openings 66 in the closed end of the cup 54 (Fig. 5)
permt a tool (not shown) to be inserted into the cup to pry the I egs 36
off of the shoulders 64 for releasing the gonnection of the 17 Septenber
2003 WO 00/57541 9 PCT/ USO0/ 08038 stator/rotor. subassenbly fromthe cup.
Thus, it is possible to nondestructively disassenble the notor 10 for
repair or reconfiguration (e.g., such as by replacing the printed circuit
board 40). FiEwittoborad He diaveeud ebtied My BdLiNFels i iget %tlfoe s 36

into the cup2b4 Wy ighet I i cqnnecti on, e application ich
the motor 16 of the T dSCrabage Aot opre 00 it el T lsothamrds 55 in close

particul ar | PTEIAPEEY, Bs thes ratorevagoment &5 ffar iusa irrefdé'tg.;aj@ilf#i £a58 In
this enviropemitichO tbheon®i-on whi! e water. For jnstance, the
case npy bg, Ioeqnec_dLHg{uet by s raﬁhngg\%art%ég%?lnggt %I%-‘ee TREeT varHhe SRy (32
be sprayed &ito the 8r 16°RF 5t abeFa terd megbere gemieglatl 1of dtrhds dEYH 44
t he orientaﬁﬁonasﬁoanbéarEhg.SB,a&adndthﬁﬁhi%hkylgﬁétgglﬁkﬂﬂé%rmnor

oint in the construction of tife notor.

wher ever th L§ an enLng. '

The encapsuﬁggégﬁ' o?ﬂ?hgéggéﬁgrQéZ*ﬁFS&V@éStﬁPoF@@PFbﬁbm@m 32 thyrough

desirabl e tBhe| FRRECTh@2afipunmovht iagethehireBognbar snt Eﬁe”%tt%rt‘-orog% £orm
.28 of th

possi bl e si&estiBas8akbYyOf ¥hat LAt ke ) Hnction of the hub e
rotor gnd the, stator 27" * An enlgrg%% ?%agﬁeﬁ?ggyon ehe stator 22 by an E
cLlip 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 fap blades 30 when the

15 motor 10 is assembled. The cup 54, spokes 56 and annular rim
58 are formed as one piece from a polymeric material in the
illustrated embodiment. The cup 54 is substantially closed on
the left end (as shown in Figs. 1 and 3), but open on the
right end so that the Cup can receive a portion of the

20 stator/rotor subassembly. The annular rim 58 has openings 60
for receiving fasteners through the rim to mount the motor in
a desired location, such as in a refrigerated case (not
shown). The interior of the cup 54 is formed with guide
channels 62 (Fig. 5) which receive respective legs 36.. A

25 shoulder 64 is formed in each guide channel 62 near the closed
end of the cup 54 which engages the catch 38 on a leg to
connect the leg to the cup (see Figs. 3 and 16). The diamete£
of the cup 54 narrows from the open toward the closed end of
the cup so that the legs 36 are resiliently deflected radially

30 inwardly from their relaxed positions in the aséembled 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



- 20 view of this junction is shown in Fig. 12. The ther | eria
encapsul ating the stator is formed at this junction tg‘?(%egy%réﬁ%r%@?t uous

path 68. Mdreover, a skirt 70 is formed which extends radially outwardly
fromthe sta¥f9%%pflouter edge 72 of the skirt 70 is bevel ed e iddabhsod@t e
directed from25 the right is deflected away fromthe junction. The

openi ngs 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 of the circuit board.- The 30
printed circuit board 40, including the conponents 42, is encapsulated to
protect it fromnoisture. However, it is still undesirable for substanti al
water to enter the cup. Accordingly, the gpenings 66 are configured to
inhibit entry of water. Referring nowto Fig. 15, a greatly enlarged view
17 Septenmber 2003 WD 00/57541 10 PCTI USOQ' 08038 of one of the openings 66
shows a radially outer edge 66a and a radially inner edge 66b. These edges

lie in a pl | Leh I I P2_general |y parall to
the ' 1ongl t o ool e of “Phaormaty' Sbf eyB' 88, CorieRilae 4 Belribie
bel i eved t ha? BRREPSTEUGHIVGEY ShEassnabast bheamonnr afglferofrepaigr eat er

than 45. Thbscohfid@yabeosees.§hat shhg r | LRGt 0 enter
t he openi ng_66 whegm?itd % gve S, in a pg%ﬁhﬁaﬁgggaggnggéﬁg gqugégr | ess
will eitherCIE??+iéb?$E S @E'ofT?ﬁemBEﬁISW?YoPepégéséﬁ ledebypsampgy but
10 wi |15 notreimsertireg dpeni hegs . Theinup Bheobuphss haHeingtR8yi §ndhSonto
construct ed.4,9, %#gggnt notor failures which can-be caused by the fornmation
of ice within the cup when the notor 10 is used in a refrigerated -
envi ronment . Mr@o@Rpldsagign foe phinhetheimouot boand 4Rel5]lbast paves

contacts 74idoukd ask 6% Atk Prassd u s h | it,board
(Fig. 4). These cg\% a? S a_rhg al i gnjérg&\}met %%%?ﬁ%%?g}é%g ggggp’%{iﬂgls' as an

recept acl e FERIMEIPT SFbrif P iFPihkgerated case. In this environment,

io 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 opéning
15 or joint in the construction of the motor. The encapsulation
of the stator 22 provides protection, but it is desirable té
limit the amount of water which enters the motor. One
possible site for entry of what is at the junction of the hub
28 of the rotor and the stator 22. An enlarged fragmentary
20 view of this junction is shown in Fig. 12. The thermoplastic
material encapsulating the stator is formed at this junction
Lo create a tortuous path 68. Moreover, a skirt 70 is formed
which extends radially cutwardly from the stator. An outer
edge 72 of the skirt 70 is beveled so that water directed from
25 the right is deflected away from the junction.

The openings 66 which permit the connection of the
stator/rotor subassembly to be released are potenﬁially
susceptible to entry of water into the cup where it may
interfere with the operation of the circuit board.- The

30 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 to inhibit entry
of water. Referring now to Fig. 15, a greatly enlarged view



. cup 54. Referring to Fig. 14, the receptacle 76 recelvq§g%t&mggzﬁé§
connected to an electrical power source renote from 20 the nDtor t er nal

controls (noWabmsmd1 are al so connected to the printed circuit board 40
through-the plug 78. The receptacle 76 and the plug 78 have EGHS8 ﬂ@W@?ng,
rectangul ar cross sections so that when the plug is inserted, it
substantially closes the plug receptacle 25 When the plug 78 is fully
inserted into the plug receptacle 76, the power contacts 74 on the printed
circuit board 40 are received in the plug, but only partially. The plug
receptacle 76 is formed with tabs 80 (near its inner end) which engage the
plug 78 and Iimt the depth of insertion of 30 the plug into the
receptacle. As a result, the plug 78 is spaced fromthe printed circuit
board 40 even when it is fully inserted in the plug receptacle 76. In the
preferred enbodinent, the spacing is about 0.2 inches. However, it is
believed that a spacing of about 0.05 inches would work 17 Septenber 2003
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separate sedr®eix C 2,HS f p gramnn t he not or
ﬁo?%ﬁe%§d§ Eaggﬁ BPQ BQ ags over the opening, but

contaqbs 83 3ff 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

15 has power contacts 74 mounted on and projecting outwardly from
the circuit board (Fig. 4). These contacts are allgned with
an inner end of a plug receptacle 76 which is formed in the
Ccup 54. Referring to Fig. 14, the receptacle 76 receives a

7 Plug 78 connected to an electrical power source remote from

20 the motor. External controls (not shown) are also cornected
to the prlnted circuit board 40 through the plug 78. The
receptacle 76 and the plug 78 have corresponding, rectangular
cross sections so that when the plug is inserted, it
substantially closes the plug receptacile.

25 When the plug 78 is fully inserted into the Plug
receptacle 76, the power contacts 74 on the printed circuit
board 40 are received in the plug, but only partlally The
plug receptacle 76 is formed with tabs 80 (near its inner end)
which engage the plug 78 and limit the depth of insertion of

30 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. 1In the preferred
embodiment, the spacing .is about 0.2 inches. However, it is
believed that a spacing of about 0.05 inches would work



. é4 formed in the cup 54 which is normally closed by a st 8 8 vabl y
received in the port. Wen the stop 86 is renoved the125%¥&?§ﬁwggggive a

probe 88 intgo connection with the contacts 82 on the circuit board 40. The
probe 88 is XP8UACcted to a microprocessor or the Iike (not PEr@S0Yodes
progranmm ng or, inmportantly, re-programmng 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. Another exanple in
the context of 25 refrigeration is that the notor can be re-programmed to
operate on different input, such as when demand defrost is enployed. The
presence of the port 84 and renovable stop 86 allow the notor to be
re-progranmed |long after final assenbly of_the notor and installation of
the notor in a given 30 application. The pﬁ}t 84 is keyed so that the probe
can be inserted in only one way into the port. As showmn in Fig. 5, the key
Is. manifested as a trough 90 on one side of the port 84. The probe has a
correspondi%%gniggf WhLﬁh is.receiyed in the 17 Septenber 2003 WO 00157541
12 PCTI US00/08038 36 dgh Yuhe N Y- Jing GhehiRaF § iRk e gansgen wiy the
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under st ood t her
plug further away from the circuit board, causing electrical
10 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

15 motor 10. These contacts 82 are aligned with a.tubular port
84 formed in the cup 54 which is normally closed by a stop 86
removably received in the port. When the stop 86 is removed
the port can receive a probe 88 into connection with the
-contacts 82 on the circuit board 40. The probe 88 is

20 connected to a microprocessor or the like (not shown) for
programming or, importantly, ré-programming the operation of
the motor after it is fully assembled. For instance, the
speed of the motor cah be changed, or the delay prior to
starting can be changed. Another example in the context.of

25 réfrigeration is that the motor can be re-programmed to
operate on different input, such as when demand defrost is
employed. The presence of the port 84 and removable stop 86
allow the motor to be re-programmed long after final assembly
of the motor and installation of the moter in a given

30 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 the



- making the electrical connection can be used w thout daqp&ebtdnshet20bsom the
scope of the present invention. It is envisioned that a plug-in type
connection (not shown) could be used so that no sol dering would be

necessary. TRgob@s#is@agnetic material for conducting the nagnq,td',[x;uso )obiffssi n
the stator 22 is provided by eight distinct pole .20 pieces, generally

I ndi cated at 100. Each pole piece has a generally U shape and including a
radially inner leg 100a, a radially outer |eg 100b and a connecting cross
pi ece 100c. The pole pieces 100 are each preferably formed by stanping
relatively thin U shaped |lam nations froma web of steel and 25 stacking
the lam nations together to formthe pole piece 100. The |amnations are
secured together in a suitable manner, *~ such as by wel di ng or nechani cal
interlock. One formof lamnation (havingl@ long radially outer leg) forns
the mddle portion of the pole piece 100 and another form of |am nation 30
forms the side portions. It wll be noted that one pole piece (designated
100" in Fig. 2) does not have one side portion. This is done intentionally
to | eave a Spadgh dthenseheiproke is her Haht edlein cehd GpraiSe Hlesdy | Belat ive

herei naft er .tdhthe ol LoldceSINn 100; &r upg e espective ends of the

stator core 22 so 17 Slg%te er 2003 W’go%?g%%pﬂ% ‘%%ﬁi?s]cﬁ)/"c%o’s%c?%?ct-%

radi al |y i nfeP IS 1060 BYORSCAE P cthf dexogmammingiaantdat s celt rithe

openi ng 102 rofobehel Stid anotc apropenll f heri sl | opter J/9 JPah é%\ﬁg&lsin
e

axi al I ysal ong, tsi de of the stator core across a portion o
wi ndi ng. The-n%gﬁixgy?‘dpbrtion of the radially outwardly facing side of the
|

radially outer g sioom WhiRipi 2, nds estator tjhﬁflrd.ae‘yl lahw&tﬁlsiéf%t 5%6
Facr s ot (1o TORIY a3 g o okt o ol
bi eces 100 @ ("N Ng Gfpapunthanseing pihec esrequl dial & hBing
mol ded fromlergisetsire t@ineraleddtheut: eRyN MM 5620 of e
presenjg Piece with the stator core 92 by terminal pins 98 received in
the terminal pocket. The terminal pine 98 are attached in e
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
15 from the scope of the present invention. It is envisioned
that a plug-in type connection (not shown) could be used so
that no soldering would be necessary.
. The ferromagnetic material for conducting the magnetic
- flux in the stator 22 is provided by eight distinct pole
20 Pieces, 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 100e¢.
The pole pieces 100 are each preferably formed by stamping
relatively thin U-shaped laminations from a web of steel and
25 stacking the laminations together to form the pole piece 100.
The laminations are secured together in a suitable manner,
such as by welding or mechanical interlock. One form of
lamination (having a long radially outer leg) forms the middle
portion of the pole piece 100 and another form of lamination
30 forms the side portions. It will be noted that one pole piece
(designated 100' in Fig. 2) does not have one side portion.
This is done intentionally to leave a space for insertion of
the Hall device 46, as described hereinafter. The pole pieces
100 are mounted on respective ends of the stator core 22 s§



.}nvention. In certain, |ow power applications, there cq I ?e & b gle
pol e piece stanped frommetal (not shown), but having #ﬁg¥)%P% é@ 3

egs deflnln t he pol e piece bent down is- to extend axially across
Iﬁgr\)m Indlgng gﬁé pi gces 200 are held and positioned by thestsbasss
core 92 and a central | ocator member, generally indicated at 104. The
radially inner |egs 100a of the pole pieces are positioned between the
central |ocator-nmenber 104 and the 20 inner dianeter of the stator core 92
in the central opening 102 of the stator core. Mddle portions of the
inner legs 100a are forned fromthe sanme |am nations which make up the
m ddl e portions of the outer Iegs 100b, and are wider than the side
portions of the inner |legs. The radially |£€er edge of 25 the middle
“portion of each pole piece inner |eg 100a received in a respective seat
104a formed in the locator nmenmber 104 to accept the mddle portion of the
pol e piece. The seats 104a are arranged to position the pole pieces 100

asynmetrica t at.or 104. No plane 30 passing through
thg | ongi tuci4 na':Ial axi s Eto]cf ?ﬂé’l’tﬂf}ﬁro %r‘?‘t%’ra of0 £34H Pt S@ss g t he seat

104a per pendleqgiardd i seatentited cmm;ngorleotz?ggf)@h% @gﬁtﬁ?rrlfggr‘seow% Y
e et S s A O MR ALl SRl O S
the rotor 2&Hes SARFHRITIRE AFTES 6 PRE isract] m@e Mhadrmtgor THee rfiadilal |y
outer efige gbrithed &Eemﬂéﬂ%aﬁyail%”%@&%%rdﬁ?b%F%QQ %15 eol Fﬁf a%§?§g§'|s_
t he stator eoLe. cgntr%f %hoaﬁ& 102 n on L gogggcm gnetpBsyiidedhe
best seen O Firgs S PP 3 PRBESEto6], theon: RInStp
for each poaesm@dedl(ﬁ?ztofhe i Ebembagwg?gugﬁlgageehoaobae Ma g,‘l-g?gga?‘arem
;Lg”kg:gsplecggggkghggﬁﬁﬁgkﬁfgﬁﬁggg PﬁéﬁﬁéVe182Cﬁ5&8nbe£ntEﬁoﬁﬁtpﬁ
phantom i n PR§Re§ £§ relative to the pole pieces 100 when the motor is
10 ' stopped. The pole pieces could also be molded from magnetic
material without departlng 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
multiple (e.g., four) legs deflnlng the pole piece bent down
15 to extend axially across the winding.
The pole pieces 100 are held and positioned by the stator
core 52 and a central locator member, generally indicated at
104. The radially inner legs 100a of the pole pieces are
-positioned between the central locator .member 104 and the
20 inner diameter of the stator core 92 in the central opening
102 of the stator core. Middle portions of the inner legs
100a are formed from the same laminations which make up the
middle portions of the outer legs 100b, and are wider than the
side portions of the inner legs. The radially inner edge of
25 the middle portion of each pole piece inner leg 100a is
received in a respective seat 104a formed in the locator
member 104 to accept the middle portion of the pole piece,
The seats 104a are arranged to position the pole pieces 100
asymmetrically about the locator member 104. No plane
30 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



~illustrate how each pair is associated with a particul ol e [ on one
end of the stator core. One of the ribs 106d" is partﬁgtﬁ)e ‘?Tpéigﬁ@?ruct ed

for location of the unbal anced pole piece 100', and is engageable wth

t he. si de of Wm@od/smser | eg 15 100a' rather than its radially oq; ﬁ

Anot her of the ribs 106d associated with the unbal anced pol e 65@% ggs

| esser radial thickness because it engages the radially outer edge of the
wi der m ddle portion of the inner l'eg 100a'. The central |ocator nenber 104
establishes the radial 20 position of each pole piece 100. As discussed
nore fully below, sonme of the initial radial thickness of the ribs 106

may be sheared off by the inner | eg 100a upon assenbly to accommodate
tolerances in the stator core 92, pole pie 100 and central | ocator
menber 104. The radially inner edge of 25 % ch outer leg 100b is positioned
in-a notch 108 forned on the periphery of the stator core 92. Referring
now to Figs. 6-8, the central Iocator menber 104 has opposite end sections

whi ch have Qg&aggl I¥hthe hape, but are angularly offset by 45
about the Iong udlna axi's &P ?ﬁe enr AEYFBEATIC Fontfécidd fatee starting

particul ar |l Yhe gotdy. The offset provides the corresponding offset for
each of the four I chce of. _the stat core 92 to fit
onto the stator gggefaahsﬁfg AQQ? ?dggngfw?gﬁ 6ﬁ§e5fiFﬁb%ﬁ P IR on
the opposiTEP8nd06|enjgh apbﬁﬁeﬁtd%ﬁﬁeteMeOénghbastatb&etdreZEkdEﬁ&pnber
2003 WG 00/ 53&dind51 FET/ USRD Qgﬂﬁﬁ%éféewhnsﬁ Rel Qﬁi@.“%gr i bgeos'nte Jflgees
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of the centfat emhtpolaepbecem@owoumebelgeéfeﬁgonahgmétqw th%
acconmodat e, g di {6§r€$$?g%gpef %%e p ecea %ﬁe 45 showa in Sﬁi
central |ocator ar uﬁﬁ reflpgEsr togamn éﬁlng
110 whi ch i¥t&est of utbtnﬁecmlmg:ienes he00i f eThé pbienpetedlantheesiratar
core 92, locator member 104 have been shown in phantom in Fig. 9 to
illustrate how each pair is associated ﬁith_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
15 100a’ rather than its radlally cuter edge. Another of the
ribs 106éd associated with the unbalanced pole piece has a
lesser radial thickness because it engages the radlally outer
edge of the wider middle portion of the inner leg 100a’.
The central locator member 104 establishes the radial
20 position of each pole piece 100. As discussed more fully
below, some of the initial radial thickness of the ribs 106
may be sheared off by the inner leg 100a upon assembly to
accommodate tolerances in the stator core 92, pole piece 100
and central locator member 104. The radially inner edge of
25 each outer leg 100b is positioned in a notch 108 formed on the
periphery of the stator core 92. Referring now to Figs. 6-8,
the central locator member 104 has opposite end sections which
have substantially the same shape, but are angularly offset by
45° about the longitudinal axis of the central locator member
30 (see particularly Fig. 7). The offset provides the
- torresponding offset for each of the four pcle 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
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- Wi nding 94, pole pieces 100, central |ocator menber 104, qﬂ% ($g®béng 110
are all encapsulated in a thernoplastic material to for he's
.The ends of the rotor shaft bearing 110 are not covered with the

encapsul at i ngveabersial so that the rotor shaft 32 may be rece,i%ﬁg%a&}aﬁ?gggh
the bearing to nount the rotor 24 on the stator 22 (see Fig. 3

of Assenbly Havi ng described' the construction of the electric motor 10, a
preferred nmethod of assenmbly will now be described. Initially, the
conponent parts of the notor will be nade. The precise order of
construction of these parts is not critical, 20 and it will be understood
that sonme or all of the parts may be nade a renote | ocation, and shi pped
to the final assenbly site. The rotor formed by placing the magnet
35 and the rotor shaft 32, having the |n t 34 at one end, in a nold.

The hub 28 and fan bl ades 30 are nol ded around the magnet 35 25 and rotor
shaft 32 so that they are held securely on the hub. . The housing 26 is al so

formed b ng.th up_.54, okes nd annul ar rim58 as_one piece.
The cup ¥4n$§g 58 %g ?%t%Q%a??@bﬁftﬁ§rPB e1P2eFRF108) (dhiech a68°used for
securi gg téevpdedteyd che c:muxmbémacbﬂ_ BOleapiwvkthb) beaflaswbubadbeTaefEQrent
printed cirggi i conventi gna y nnecti on
of the conpgﬁe%t§9§§g¥4§§ %%ar £ ﬁ ?ﬁeplﬁFgfeV?Ea 39838Vﬁ8 t, Tgﬁes hape
progrann1ngD%oﬁhﬁc@%nggaban¢$@0rpmﬁmbecoh@acWeuId heecskaespohdihge
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the finger 4% % hF ¥9 orfit %o%?ﬂtﬁﬁ% 1eraee¥i vambgrcaffedsetolded
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The ends of“-’-'tIPFélIBEa% i sleic)) mr&neseud-‘eoﬁrommtreal locator member 104 and
10 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).

15 Method of Assembly
Having described the construction of the electric'motor

10, a preferred method of assembly will now be described.
‘Initially, the component parts of the motor will be made. The
precise order of construction of these parts is not critical,

20 and it will be understood that some or all of the parts may be
made a remote location, and shipped to the final assembly
site. The rotor 24 is formed by placing the magnet 35 and the
rotor shaft 32, having the ihsert 34 at one end, in a mold.
The hub 28 and fan blades 30 are molded around the magnet 35

25 and rotor shaft 32 so that they are held securely on the hub.
The housing 26 is also formed by molding the cup 54, spokes 56
and annular rim 58 as one piece. The cup 54 is formed
internally with ribs 1i2 (Fig. 5) which are used for securing
the printed circuit board 40, as will be described. The

30 printed circuit board 40 is formed in a conventional manner by
connection of the components 42 to the board. 1In the
preferred embodiment, the programming contacts 82 and the
power contacts 74 are shot into the circuit board 40, rather



.l ocator nenber 104. The bearing 110 is then inpregnate Lth | ubrigcant
sufficient to last the lifetinme of the notor 10. 10 Thgﬂgﬁﬁ%wb%g$9592 (or

bobbin) is nolded and wound with nagnet w re and ternminated to formthe i
wi ndi ng 94 oW@ b@s7s41at or core. The pol e pieces 100 are for rreq,gﬁ_é_éﬁsta i ng
multiple, thin, generally U shaped |am nations froma web of 00/05638

| am nations are preferably nade in two different fornms, as 15 descri bed
above. The | aminations are stacked together and welded to form each

U shaped pol e pi ece 100, the | am nations having the |onger outer |eg and
wi der inner leg formng mddle portions of the pole pieces. However, one
pol e piece 100" is forned without one side portion so that a space will be
left for the Hall device 46, The conponent parts of the stator 22 are
assenbled in a press fixture (not shown).1dhe four pole pieces 100 which
wi |l be nmounted on one end of the stator core 92 are first placed in the
fixture in positions set by the fixture which 25 are 90 apart about what
wi |l beconme the axis of rotation of the rotor shaft 32. The pol e pi eces

100 are posithidnbging movattechdy cpamaiivey diig . The ceriy.alJiqc . menber
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PosIthg cghe sté%or 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
laminations are preferably made in two different forms, as
- 15 described above. The laminations are stacked together and
welded to form each U—shaped pole piece 100, the laminations
having the longer outer leg and wider inner leg forming middle
portions of the pole pieces. However, one pole piece 100' is
formed without one side portion so that’ a space will be left
. 20 for the Hall device 46.

The component parts of the stator 22 are assembled in a
press fixture (not shown). The four pole pieces 100 which
will be mounted on one end of the stator core 92 are first
Placed in the fixture in positiéns set by the fixture which

25 are 90° apart about what will become the axis of rotation of
the rotor shaft 32. The pole pieces 100 are positioned so
that they open upwardly. The central locator member 104 and
bearing 110 are placed in the fixture in a required
orientation and extend through the central opening 102 of the

30 stator core 9%2. The radially inner edges of the middle
portions of the inner legs 100a of the pole pieces are
received in respective seats 1043 formed on one end of the
?entral locator member 104. The wound stator core 92 is set
into the fixture generally on top of the pole Pieces



. pieces at the bottomof the fixture. The press fixture,iLs. closed ar
gctivat ed to push the pole pieces 100 onto the stator 12}1‘6@@2?”‘?%@9
radially inner 10 edges of the inner |egs 100a of the pole pieces 100
engage their waypRedskve. seats 104a of the central |ocator $]$E$
seat 104a sets the radial position of the pole piece 100 it engageg fe
I nner | egs 100a of the pole pieces 100 enter the central opening 102 of
the stator core 92 and engage the 15 ribs 106 on the stator core
projecting into the central opening. The variances in radial dinmensions
fromdesign specifications in the central |ocator nmenber 104, pole pieces
100 and stator core 92 caused by manufacturing tolerances are accomodated
by the inner | egs 100a shearing off sone of the 20 naterial of the- ribs
106 engaged by the pole piece. The shearind action occurs as the pole
pi eces 100 are being passed onto the stator core 92. Thus, the tol erances
of the stator core 92 are conpletely renoved fromthe radial positioning
of the pole pieces. The radial |ocation of the pole pieces 100 25 nust be
cl osel y contPBeveausbyaplecekedp the fixtyap. beTheeuthehefpafepolecpseaa@

the rofor mgngtads atasesl Lyse,possiblee WhbbaungegbanLeal L0t ! eronce
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w nding 94 are 0 not covere y the encapsul ating materia
(see Fig. 4). THEh%KPF?S$OfaﬁHu¥@g$S3@1%$%df®mﬂnﬁcnuvabédth@ saste vléeri al

Whi ch encapspbbé esiédesr 0 BHE6 Ohe!H€atedRlObre T892, | Ofi%e 3hdially inner
10 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
the central opening 102 of the stator core 92 and engage the
15 ribs 106 on the stator core projecting into the central
opening. The variances in radial dimensions from design
specifications in the central locator member 104, pele pieces
100 and stator core 92 caused by manufacturing tolerances are
- accommodated by the inner legs 100a shearing off some of the
20 material of the ribs 106 engaged by the pole piece. The
shearing action occurs as the pole pieces 100 are being passed
onto the stator core 92. Thus, the tolerances of the stator
core 92 are completely removed from the radial positioning of
the pole pieces. The radial location of the pole pieces 100
25 must be closely controlled so as to keep the air gap between
the pole pieces and the rotor magnet 35 as small as possible
without mechanical interference of the stator 22 and rotor 24.
The assembled stator core 92, pole pieces 100, central
locator member 104 and bearing 110 are placed in a mold and
30 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



-5 are preferably relatively long, constituting approxingtgly one i rd of
the length of the finished, encapsul ated stator. Theiﬁ%éﬁﬁﬁﬂbﬂé¥ﬁsts t he
|l egs 36 to be nade thicker for a nore robust construction, while ]
permtting t NeOpEEssisary resilient bending needed for snap ¢ lon to
t he housing 26. In 10 addition to the |legs 36 and skirt 70, tagﬂ%@%P@?%Wing
tangs. 114 are formed which project axially in the same direction as the
| egs and require the stator 22 to be in a particular angular orientation
relative to the housing 26 when the connection is nmade. Still further,
printed circuit board 15 supports are fornmed. Two of these take the form of
bl ocks 116, from one of which project the termnal pins 98, and two
others are posts 11.8 (only one of which is shown) . The encapsul at ed
stator 22 is then assenbled with the rotdm® 24 to formthe stator/rotor
subassenbly. A thrust 20 wash-r 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 material on one side capabl e of
absor bi ng vPbeaEFHRal apunectbonfwithicheneirdinh on the alkey nide to
facilitate gomblétateRIAIE ] .22. 25 The_low friction
material sigde %f thgyv\gsheré]%rzﬁoy ﬁa%%sélgg?é%ﬁ%glé%ﬁgvﬂ?gwlta&méls&ec He-peh) -
end of the tid FETHHE0 334 ofe9® 3& axecfoumeppedti nfothke shue aBiteMidl t he
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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.

connection is made. Still further, printed circuit board

15 supports are formed. Two of these take the form of bldcks
116, from one of which project the terminal pins 98, and two
others are posts 118 (only one of which is shown).

The encapsulated stator 22 is then assembled with the
rotor 24 to form the stator/rotor subassembly. A thrust

20 wask~r 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 fubber-type material on one side capable of
‘absorbing vibrations, and a low friction material on the other
side to facilitate a sliding engagement with the stator 22.

25 The low friction material side of the washer 120 faces axially
outwardly toward the open end of the hub 28. The stator 22 is
then dropped into the hub 28, with the rotor shaft 32 being
received through the bearing 110 at the center of the stator.
One end of the bearing 110 engages the low friction side of

30 the thrust washer 120 so that the hub 28 can roﬁate 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
s?aped onto the end of the rotor shaft 32 so that the shaft



,.5 board 40 is illustrated in Fig. 4, except that the r 4 ha en
renoved for clarity of illustration. The printed circﬂ%g§ﬁﬁﬁP%¥Z@8§s

pushed between-the three legs 36 of the stator 22. The finger 44 of the
circuit boar &wd0osmser ecei ved- in an opening 124 forned in the RAGIRGHEAE! ON
so that the Hall 10 device 46 on the end of the finger is positioned wthin
the encapsul ation next to the unbal anced pol e piece 100'; which was nade
wi t hout one side portion so that space could be provided for the Hal
device. The side of the circuit.board 40 nearest the stator 22 engages the
bl ocks 116 and posts 118 15 which hold the circuit board at a predeterm ned
spaced position fromthe stator. The termnal pins 98 projecting fromthe
stator 22 are received through two openings 126 in the circuit board 40.
The termnal pins 98 are electrically conggcted to the conponents 42
circuit' board in a suitable 20 manner, such as by soldering. The
connection of the termnal pins 98 to the board 40 is the only fixed
connection of the printed circuit board to the stator 22. The stator/rotor
subassenbl y adyeh ' j | r ik e then C C o~k h
housing 26 to coénblepe%f’aé trghia{ ?SH%%%%?Q@o?e%ﬁleﬁénbtor. Thgpﬁq%ggsggga?% Is
al i gned wi t S$ERPRLY i TRHRGRH 8 LD $'?F>‘ltf% #4p 54 and the tangs 114 are
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their rel axett€ontt faard ¢ hatrshry bstwesn dhrertizoss IgE90267641the
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10 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 portion 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

15 which hold the circuit board at a predetermined spaced
position from the stator. The terminal pins 98 projecting
from the stator 22 are received through two openings 126 in
the circuit board 40. The terminal pins 98 are electrically

 connected to the components 42 circuit board in a suitable

20 manner, such as by soldering. The connection of the terminal
pins 98 to the board 40 is the only fixed connection of the
printed circuit board to the stator 22.

The stator/rotor subassembly and the printed ciréuit

board 40 are then connected to the housing 26 to complete the

25 assembly of the motor. The legs 36 are aligned with
respective channels 62 in the cup 54 and the tangs 114 are
aligned with recesses 128 formed in the cup (see Figs. 5 and
14} . The legs 386 Will be received in the cup 54 in only one
orientation because of the presence of the tangs 114. The

30 stator/rotor subassembly is pushed into 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



“the inner end of the channel 62, the |leg 36 snaps radi gl7lgeptéHbdtaipahy so
that the catch engages the shoulder. The leg 36 5 is still deflected from
its rel axed b&%&g so that it is biased radially outwardly. to hold the
catch 38 on the enodl der 64. The engagenent of the catch 38 we¢HUSdI®so3s
shoul der 64 prevents the stator/rotor subassenbly, and printed circuit
board 40 from being withdrawn fromthe cup 54. The notor 10 10 is now fully
assenbl ed, 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/rotor
assenbly advances into the cup 54, peripheral 15 edges of the circuit
board. 40 engage the ribs 112. The ribs are harder than the printed
circuit board material so that the printe@Qﬂrcuit board is partially
defornmed by the ribs 112 to create the interference fit. In this way the
printed circuit .board 40 is secured in place without the use of any

f ast eners. g r_onrientation of the printed circuit board 40 is
set by its %éﬁ%%g%ﬁ%ng%g PHe F8r FPAXl 2pPnBuSBer; furthersiator ip2. Whee

programm ng E¥MteRESh 828 are thasendli gfiedavht heghe1part Bfe @ngiggrp€¥eét
p 54. S

contacts 74 wgHe Bhh&R ] ceptacle .76 in the cu .
al so envi si oned thhQE%g&%%?n%Eg géggPégugg’bgg?dlﬁﬂ fRySBaPrsecEadealiy t he

stator 22 wid r SQ kB3 E klepceateh angagenetbeapshdulfier. i MhaNLEy s
post (nbt _Shwtifbideeh en sdiersoat ot o 220 IBYe@XpeR: | b ough, Lhe 17 cUi T
bpard. and r_%g.eésve %_aoéjskjtj;‘lfjtothereg agai nst t Cl rcu!{l a tb*f1% the
circuit board on the Statof . ©$0"3rt e Priapid relde entocih nbat on t tiee retoul dér
has not beer4 .pr Theammghgemdrestat! hé tatehtie ingl vaSSeRBl sl dde
notor. Fol b@@*%t@%@{@lé’ta ﬁn@gg connect or. (not_shown, but" _esse'ntlally
a probe 88 and a power plug %g)g IS ConNett BTy + RN rRRtREed | ¢lrduithoar d
44 through PRETFOAC &FPmHIRRinD Sethdnber RSB MR 0Q4S 7541 PETY WSAQ, 08038
21 reckpt aclie How ERQ 19Ptsdnblld N @S AMEL Sich Sa1%¥ fasteners, by
snap together construction.

The printed circuit board 40 ig secured in place by an
interference fit with the ribs 112 in the cup 54. As the
stator/rotor assembly advances into the cup 54, peripheral

15 edges of the circuit board 40 engage the ribs 112. The ribs
are harde. than the printed circuit board méterial 80 that the
printed circuit board is partially deformed by the ribs 112 to
create the interference fit. In this way the printed circuit

~board 40 is secured in place without the use of any fasteners.

20 The angular orientation of the printed circuit board 40 is set
by its connection to the terminal pins 98 from the stator 22.
The programming contacts 82 are thus aligned with the port 84
and the power contacts 74 are aligned with the Plug receptacle
76 in the cup 54. It is also envisioned that the printed

25 circuit board 40 may be secured to the stator 22 without any
interference fit with the cup 54. For instance, a post (not
shown) formed on the stator 22 may extend through the circuit
board and receive a push nut thereon against the circuit board
to fix the circuit board on the stator. '

30 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
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fsetting the speed and the start delay, and tested. If | r.cui oard 40
Is found to be defective, it is possible to non-destrJ?%e\quTpeﬂlzbggsenbl e

the notor and replace the 5 circuit board w thout discarding other parts of
the notor. “WodswsEal be done be inserting a tool (not shown) ippkRy Sﬁ@@s
openings 66 in the closed end of the cup 54 and prying the catches § of f
the shoulders 64_|If the notor passes the quality assurance tests, the
stop 86 is placed in the port 84 10 and the notor is prepared for shipping.
It is possible with the notor of the present invention, to re-programthe
notor 10 after it has been shipped fromthe notor assenbly site. The end
user, such as a refrigerated case nmanufacturer, can renove the stop 86
fromthe port 84 and 15 connect the probe 88 to the progranm ng contacts 82
through the port. The notor can be re-prodgrftamred as needed to accomodate
changes made by the end user in operating specifications for the notor.
The nmotor 10 can be installed, such as in a refrigerated 20 case, by

i nserting fasteners oi shomﬁé t hrough the openings 60 in the annular rim
58 and into the-REe8IeTARs, f ‘HBE@FnIgS Plen sPERpBITRedf %uqipoasmw t he
entire not orsehtmghthanmp@éd oandf théesedht| @14y M S L0 S SYPPOFE

structure. T 4 C ect ource b | uggi n the plug
76 25 1 nto TR D P eidpfact e et G o) e friive, 19D (o moraRls S0
shown) on t FCBIERSEBICTHeely Ui F8sserblecthe anbtidr Sdid Sreil adeeSIpCt i Ve
sides of a tonaue dInd A Wedndbe ﬂé{g&f%‘g ?ﬁég§a€5§p£0| e 76 Prior to

engagi ng the printed circuit board |ng
tabs 80 in tHEDIGAP F rikp bR | T15eF g hattaal | (ot Lﬁthqwn)nsmttced:he

posi tion, tm@qnﬁm;gsi& SJnﬁQﬂda fensaddiecny idf atheidgl 19@15,1;?1 hesult,
the  power tl nsertedlfciﬁ enough nc{%ﬂtéhtlebﬂﬁi 0 th%ake
el ectri cal connecef i on zﬂee RIS G%ceiledhn rqq{:@r HagFesTReeef or e,

al t hough i cé‘-ks’driﬁ}braﬁmatm poveErs C driten itopl B 6SeE eilhried?03 tHe Qa7 Tl
22 10 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

15 connect the probe 88 to the programming contacts 82 through
the port. The motor can be re-programmed as needed to
accommodate changes made by the end user in operating |
specifications for the motor.

| The motor 10 can be installed, such as in a refrigerated

20 case, by inserting fasteners (not shown) through the openings
60 in the annular rim 58 and into the case. Thus, the housing
26 is capable of supporting the entire motor through
connection of the annular rim.58 to a support structure. The
motor is connected to a power source by plugging the plug 78

25 into the plug receptacle 76 (Fig. 14). Detents 130 (only one
is shown) on the sides of the plug 78 are réceived 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

30 receptacle 76 so that in its fully inserted position, the Dlug
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



- PCT/US00/ 08038 74 in the refrigerated case environnment q7idegidrhber?@bsbui | d
up between the plug 78 and the circuit board 40 causing disconnection

and/ or danagqm)ﬁhggle 16 is a block diagram of the m croprocessor 5
control l ed single phase notor 500 according to the invention. PCTiS0¢/gR038
500 is powered by an AC power source 501. The notor 500 includes a stator -
502 having a single phase winding. The direct current power fromthe
soufce 501 is supplied to a power switching circuit via a power supply
circuit 503. The 10 power switching circuit may be any circuit for
commutating the stator 502 such as an H bridge 504 having power swtches
for selectively connecting the dc power sggurce 501 to the single phase

wi ndi ng of the stator 502. A permanent nagnet rotor 506 is in nagnetic
coupling relation to the stator and is rotated is by the commutati on of the
wi ndi ng and the magnetic field created thereby. Preferably, the notor is

an insi de-ol# dmtohe rafwhyehatB8 ShakOchil Lor & he,rotor.and the
exterior rgggkeggtﬁﬁgs ?bgu t he interi%?lgggﬁ%#g’ké%e&éﬁ} e i?”&ﬂébUF
contenpl ated that t e~ rBro? rBy3Be FBRafF&8CWEhPAanAd4Pntersahg 20 to an
external st@isFonpepbieni andgdensdamsyeh as a hal |l sensor 508 is positioned
on the stator 508;&Qfedeg of the rotor 506 relative to

the wi nding and for rOV|g$%éggb%€§$F iééégﬁﬁ%$ “f a" FREP5Q0eFAAKCaL i ng
the .detect eB°PbEPHieh singhe phese ME-S60650Rederendenghesacher i5¥ent jon.
Tesponsi ve gy and s toceivi n T re sE Y (AR ATDARRS, EoRrRR" §487 Thee motor
mi cr opr oces:or B Y e%o?'nrﬁe’g?%ﬂrt 3 HaHNdr3 dendhe poase seirdinygel yThe
commut at i ngAirecpanerrent tphesr thesafhd GRACOMERY af & é%ﬂ&@' goPhase
w ndi ng of ﬁ%ftﬂﬂchﬁ%ﬁf cfa i f unction of the positiorrsignal. VBl t age
VDD t q.t he ‘m CT Opr 0cessor 514 1% provit dedPNSr FUBRLBI1GLF¢whs t 713 povkhe
suppl 300! r RIS EYitchigw \wlnags: measdie @rmye Witrdis: e b e YRL L AHE
VDD on |i nestakfpargh2l 5uReP s Y3 dge 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
1s 1n magnetic coupling relation to the stator and is rotated
15 by the commutation of the winding and the magnetic field
created thereby. Preferably, the motor is an inside-out motor
in which the stato.. is interior to the rotor and the exterior
rotor rotates about the interior stator. However, it is also
| contemplated that the rotor may be located within and internal
20 to an external stator.
A position sensor such as a hall sensor 508 is positioned
on the stator 502 for detecting the position of the rotox 506
relative to the winding and for providing a position signal
via line 510 indicating the detected position of the rotor
25 506. Reference character 512 generally refers to a control
circuit including a microprocessor 514 responsive to and
receiving the position signal via line 510. The
microprocessor 514 is connected to the H-bridge 504 for
selectively commutating the power switches'théreof to
30 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 516 from the power supply circuit 503. A low voltage
reset circuit 518 monitors the voltage VDD on line 516 and



. WD 00/ 57541 PCT/ US00/ 08038 23 applied to the m croproc r.hla. reset
circuit 518 selectively resets the m croprocessor 5146‘3;‘%@?%%”\?% age VDD
applied to the-m croprocessor via line 516 transitions from below a
predet er m ne®Pb¥gsHol d to above the predeterm ned 5 threshol ¢cthldornsoss
threshold is generally the mninmumvoltage required by the m croprocessor
514 to operate. Therefore, the purpose of the reset circuit 518 is to
mai ntai n operation and re-establish operation of the m croprocessor in the
event that the voltage VDD supplied via line 516 drops bel ow the preset 10
m ni mum required by the m croprocessor 514 to operate. Optionally, to save
power, the hall sensor 508 may be intermttently powered by a hall strobe
520 controlled by the mcroprocessor 514 to pul se width nodul ate the power
applied to the hall sensor. 15 The m croprcessor 514 has a control input
522 for receiving a signal which affects the control of the notor 500.
For exanple, the signal nay be a speed select signal in the event that the
m croprocessor is progranmed to operate the rotor such that the stator is
comut at ed @ppilwedotonbhe 2dcdPprreeesopesds. AEhermesEtebﬁrduﬁtrﬂﬂ&w may

be Contr0||%@le%¥19@@§'QHQQEEytH@rMi?go?988g§g§5 BﬁﬁqHﬁ%Pﬁ%%%h 4%% e VoD

tenperature. For exanple, in pla tron to
508, an opt PER&LetehBeERRUMECEBREBFES92T NHabe ingr HUFdES NS isdPns tﬂm@m

t enper at ur ebeflowhe pﬁb&aaérmﬁeabent:etshelaStthgbveTbhé 9&?@@@1;@'?&1@%1

t I t d
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ai r throughreguigedpbyatbe focropobeegsosushsasoi bpeshtat ed TherdefdHess the
15. 30 1N 8UgoeaRog AL, rEQStpEJO.E&?]f‘PrSi?t £LVeh GLofKaGeY Egaﬁorég%é Uk

tenperature o e alr_noving abou and provi
tenperaturer§r§ﬁ5PbihﬁhcaPFﬁ§t%ﬁ§ @étéb@emlcrenpecasapg 1ﬁomh@0ﬁdem$emhat

appl i cati onshehesetibe oD kﬁppbi@&ﬂﬁﬂaalinénﬁﬂstBfoﬁ@nggﬂé%rthEh%reset
tenperﬁﬁure rg &Saegééulred by the microprocessor 514 to operate.
Optionally, 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 power applied
to the hall sensor. |

15 The microprocessor 514 has a control 1nput 522 for
receiving a signal which affects the control of the motor 500.
For example, the signal may be a speed select signal in the
event that_the microprocessor is programmed to operate the
"rotor such that the stator is commutated at two or more

20 discreis speeds. Alternatively, the motor may be controlled
at continuously varying speeds or torques according to
temperature. For example, in place of or in addition to the
hall sensor 508, an optional temperature sensor 524 may be
provided to sense the temperature of the ambient air about the

25 motor. This embodiment is particularly useful when the rotor
506 drives a fan which moves air through a condenser for
removing condenser generated heat or which moves air through
an evaporator for cooling, such as illustrated in Figures 1-
15. o

30 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
blowing air into the condenser, the temperature represents the
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speed (air flow) is adjusted to provide the m nimum needed air ow at the
nmeasured tenperature to optimze the heat transfer process. Wen the fan

I's pulling aiwo@yekeit he condenser, the tenperature 5 repr esentﬁc,lg{g)& @%
tenperature plus the change in tenperature - (at) added by the hé PERBSed

fromthe condenser by the air stream In this case, the notor speed is
increased in response to the higher conbined tenperature (speed is

i ncreased by increasing notor torque, i.e., reducing the power 10 device
off time PDOFFTIM ; see Fig. -26). Additionally, the . speed the notor
could be set for different tenperature bands to give different air flow
whi ch woul d be distinct- constant air flows in a given fan static pressure
condition. Likewi se, in a condenser applicagion, the torque required to
run the 15 notor at the desired speed represents the static |load on the
notor. The higher static |oads can be caused by installation in a
restricted environnent, i.e., a refrigerator installed as a built-in, or

because t he mmsetemperétumebandrreaer epeeiact(ed rdga ol dustadiuis Itgduygoor
debris. Bot 2 t rrcant _an increased air
flom/speedlbégréégﬁﬁhe 8ﬁﬁ£@§%0#§ Ha%b ééPloﬁ bﬁempﬁ€FE§§ed static
pressure ccmﬂ%ﬂ@?ﬁﬁ%%ﬁ% évapntam0ze|thﬁgheatlm«aaafed prackissy demsht yhkor
the itens befgig LHheth h o] re gration

TEFLing 0 QG £ Eh& FHHE%h@Er %ﬁg FRESAAFYEGr t ai n and

appl i cations, the 25 evaporator e air
fromthd edSPEESeGY| #RgIehe ¥%Bﬁer¢hﬂ§eeﬁﬁ§§sth§fChhagéannlSempewature

t hrough the @rapadatet bﬁTEhérﬂéﬁtE&éméﬁ@@efﬁéﬂrEhée@éﬁééﬁéér g&rtﬁgréffns
and food exid, %E dnte er@hurec The fan sgeed woul d be ad
appropriately to nain FReCHRR1 rele 3B F@ﬁpﬁ?ﬁ?ﬁrés APFﬁFﬁEFﬂvéPy, t he
n1croproces§@ﬁﬂ§§$ﬁnﬁp(ﬁhwnM£gherheombmnédhesmpératuﬁélbeéeapﬁgd rate to
?ﬁgn;gln a %ﬂ%ﬂéﬂﬁé&ﬂﬂ9’1ﬁf¥§%§qﬁgeﬁét$£0¥6£aﬁg of th? %Eéugghggtgnvggwgr
?0 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 conditioﬁ. Likewise,
in a condenser application, the torgque required to run the |
15 motor at the desired speed represents the static load on the
motor. The higher static loads can be caused by installation
in a restricted environmernt, i.e., a refrigerator installed as
a built-in, or because the condenser air flow becomes
" restricted due to dust build up or debris. Both of these
20 conditions may warrant an iwcreased air flow/speed.

Similarly, in evaporator applications, the increased
static pressure could indicate evaporator icing or increased
packing density for the items being cooled.

In one of the commercial refrigeration applications, the

25 evaporator fan pulls the air from the air curtain and from the
exit air cooling the food. This exhaust of the Ffan is 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 de31red

30 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



- connected to the rotor 506. In this case, the mcropro enber
2003 WD 00/57541 25 PCT/ US00/ 08038 514 provi des an alaﬁzﬁgﬁéﬁﬁﬁﬂg@eg
activating alarm 528 when the notor speed is greater than a desired speed
cor respondi ngvO#0/5STHe constant air flow rate at which the not ofciSsoosnsoss
operating. As with the desired torque, the desired speed may be 5

determ ned by the m croprocessor as a function of an initial static |oad
of the notor and changes in static load 'over tinme. Figure 23 illustrates
one preferred enbodi nent of the invention in which the m croprocessor 514
I's programmed according to the flow diagramtherein. In particular, the
10 flow diagram of Figure 23 illustrates a node in which the notor is
comutated at a constant air flow rate corresponding to a speed and torque
whi ch are defined by tables which exclude2Sesonant points. For exanpl e,
when the rotor is driving a fan for noving air, over a condenser, the
notor will 15 have certain speeds at which a resonance will occur causing
i nicreased vi bration and/ or increased audi o noi se. Speeds at which such

vi brati on arliérprnovséescaurabronusi@hiy bheastaieat imgsabhatmrsandiese the

di ct abl e, [ | L '
anut act ur o o0t LEel Ye (BFicl TBLRla G003, B0008 R IR S
noi se can behe FeRSTIRE BT pklf aART Agat hehielr Bhe otessoris copewsting.

operating afs GR{£1Ri thSPEEEsrad Vhidha, Ceht a8 ABYCS OLd SREEdSe i N which
the vibgatiopn 'or noi occurs.,As illustrated in Figure 23,” the

mi cr opr BcesSHE TR Y ot M TIPTAESFBPT ofF ng Mifrieton 2f 47 ehnitial
starting, thecatbr opsatesforhes atstdheahdrgeinyasi bl £drid OlEHd r@sRONEi e,

an initial starti poy [ nj n nt .air.flowrate at
step 550. For exarﬂ%%,Psl%:i%) %&({{rgf#e ér’ﬁg‘:‘gr p?ggﬁééscgrerﬁ%%]e%%%tt st[eré% 552
and sel ect s @VERePn skt Woleh {issMmicreprecesdpde i cis qurogtanesi each of

the 30 varialcydomel O £ ety & - 8n SP tonoint, (SSP)
{02 Copr eI N POUEr eV e ot 1 T (PO T g o et fehe?

Figure 23 illustrates a mode in which the
moter is commutated at a constant air flow rate corresponding
to a speed and torque which ﬁre 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

15 have certain speeds at which a resonance will occur causing
increased vibration and/or increased audioc noise. Speeds at
which such vibration and/or noise occur are usually the same
or similar and are predictable, particularly when the motor

" and its associated fan are manufactured to fairly close

20 tolerances. Therefore, the vibration and noise can be’
minimized by programming the microprocessor to aveid operating
at certain speeds or within certain ranges of speeds in which
the vibration or necise occurs. As illustrated in Figure 23,
the microprocessor 514 would operate in the following manner.

25 After starting, the microprocessor sets the target variable I
to correspond teo an initial starting speed pointer defining a
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

30 variable levels 0 to n to a'corresponding speed set point
(88P), to a corresponding power device off time {PDOFFTIM=P
for minimum power and to a corresponding power device off time

min)

(PDOFFTIM=P,,,} for maximum power.



. for m ninmum power and to a correspondi ng power device f
( PDOFFTI M=Prmax) for maxi mum power. 1 7 Septenber 2003 3% %§%§Zf09%
PCT/ US00/ 08038 It is noted that as the PDOFFTI M i ncreases, the notor power

decreases si NEQRO¥H&4control | ed power switches are off for | OP@erUsREHd088'S
during each commtation interval. Therefore, the flow chart of Fig. 23 1Is
specific to this approach. Ohers skilled in the art will recognize other
5equi val ent techniques for controlling notor power. Aftera delay at step
554 to allow the notor to stabilize, the m croprocessor 514 selects a
PDOFFTI M for a m ni num power |evel (Pmn) fromthe table which provides
10current control by correlating a m ni mum power |evel to the

sel ected-1evel of variable |I. At step 558 the m croprocessor selects a
PDOFFTIM for a maxi mum power |evel (Pm) f#@mthe table which provides
current control by correlating a' maxi mum power |evel to the selected
variable level |. 15At step 560, the m croprocessor conpares the actual
PDOFFTI M r epr ese tln t he actual power |evel to the m ni rum PDOFFTI M ( Pm n)
for this I.1f thétadfuBPtPBOERTEMRES tire ZDOFFIAMN inkeerisrisTUMhe motor

PDOFFTI M PDEBWERMVR cPabB) Bﬂﬁcé1@h@pbgﬁ%§§QﬁeErEBQQQSFPQtEEQQ 202 ¢

conpares th a eve 20maxj mum val

qugl to n, f?% ﬁbﬁ roprEéggﬁr&BF688e8§c OCQW@BtSBIOFolgéﬁrVaéquaI to n.
Ot herwi se, Th ﬁﬁ@ﬁoyg | eBs fhawn therﬂawfnpmgvabgelgogFgcgglEhgo thls _—
m croproces ro t |ncreas one ste

at stgp 560§Q%r§&§$gr06§§%225%¥§g§§d $ %ﬁ?n@g tﬂh Fﬁeoaeﬁaa|op FTIMis
| ess than ofdeqvialent ﬁ@hﬂiguﬁﬂnfOPD@EFﬁrailEﬁﬁfﬁﬁib&SPEWbﬂ) t he

m croprocessor pageeeds 4818y epe §@§pa§g4cggp§if§wtpﬁeagé or PDCFFTIM

representing the, act ual
P §kéblllze, the microprocessor 514 selects a PDOFFTIM for a

minimum power level (P,,,) from the table which provides

10 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 ‘maximum
power level to the selected variable level I.

15 _ At step 560, the microprocessor compares the actual
PDOFFTIM representing the actual power level to the minimum
PDOFFTIM (P,,) for this I. If the actual PDOFFTIM is greater
than the minimum PDOFFTIM (PDOFFTIM » Painl » the microprocessor
‘Proceeds to step 562 and compares the variable level I to a

20 maximum value n. If I is greater or equal to n, the
microprocessor proceeds to step 564 to set I equal to n.
Otherwise, I must be less than the maximum value for I go the
microprocessor 514 proceeds to step 566 to increase I by one
step.

25 If, at step 560, the microprocessor 514 determines that

: the actual PDOFFTIM is less than or equal to the minimum
PDOFFTIM (PDOFFTIM < P_.)., the mlcroprocessor proceeds to step
568 and compares the actual PDOFFTIM representlng the actual
power level to the maximum PDOFFTIM (Puax) fOr this I. If the

30 actual PDOFFTIM is less than the maximum PDOFFTIM (PDOFFTIM <
Prax) » the microprocessor proceeds to step 570 and compares the
variable level I to a minimum value 0. If T 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



- power level to the maxi num PDOFFTIM (P,,,..) for this I f ct ua
PDOFFTIM is | ess than the maxi mum PDOFFTI M ( PDOFFTI M c17§§>'?'>é. ,ni%e%oé‘

M croprocessor proceeds to step 570 and conpares the variable level | to a

m ni mum val uev@eod41 is | ess or equal to O, the m croprocessprRiOFEESHS
to step 572 to set | equal to 0. Oherwise, | nust be greater than the

m ni mum val ue for 17 Septenber 2003 WO 00/ 57541 PCTI USOO' 08038 27 | so the
m croprocessor 514 proceeds to step 574 to decrease | by one step. If the
actual PDOFFTIMis less than or equal to the mninumand is greater than
or equal to the maximumso that 5 the answer to both steps 560 and 568 is
no, the notor is operating at the speed and power needed to provide the
desired air flow so the microprocessor retyrns to step 552 to nmaintain
its operation. Alternatively, the mcroproCessor 514 may be programed 10
wi th an al gorithm which defines the variable rate at which the swtches
are commutated. This variable rate may vary continuously between a preset

range of at t Nl and no re tha maxi mum speed_S

except that iaeé'a%rte eﬁlnrge ra%(géejgsé rs%io%%ﬁr%(feeés_- sf';se%g'ﬁa%d'&j F§GRaTR i5

preset rang@y Ane stend t, for speeds between Si - S2 and S1, the

i Cr 0pr ocessor Ot g dALAPUEoRTI o R ANhdPlox SRR hetueen SI
speeds S.

and S1 + S2, the mcroprocessor operates the notor a ] I+ S2.
Figure 22 i SMEEERLARG & SiHFAFOf Lhde IF RTURde tBOLhomagimin gondihatut es
the Dowkr swittechinsyeat reuibotiave fepPHEr armigahas aasondidgndidd e

i nventi on, t ther_, configurations may be used, such as two w ndi ngs
whi ch are ﬁ?ﬁgﬁéq%ﬁﬁé% ShS PSS 1 d@%%’fe&ﬂ%ﬂs i%h RIIOV3As the slas e
5,859, 519, iaigofgomatsed tihe muferemuecdema retihmsdtd nudp 25V dd agdritain
provi ded Vi g¢a bﬁé:g@ygg;)input switches QL and Q2. An output switch @3

conpl etes one circuit by selectively connecting swtch Q2 and stator 502
to a ground rai | 2808rngyively, the microprocessor 514 may be programmed

10 with an algorithm which defines the variable rate at which the
switches are commutated. This variable rate may vary '
continuocusly between a preset range of at least a minimum
.speed S;;;, and not more than a maximum speed Smax ©Xcept that a
predefined range of speeds S1 +/- 82 is excluded from the

15 preset range. As a result, for speeds bétween s1 - s2 and S1,
the microprocessor operates the motor at S1 - S2 and for
speeds between S1 and 81 + S2, the microprocessor operates the
motor at speeds S1 + S2.

Figure 22 is a schematic diagram of the H-bridge 504

20 which constitutes the power switching circuit having power
switches according to the invention, although other
configurations may be used, such as two windings which are
single ended or the H-bridge configuration of U.S. Patent No.
5,859,519, incorporated by reference herein. The de input

25 voltage is provided via a rail 600 to input switches Q1 and
Q2. An output switch Q3 completes one circuit by selectively
connecting switch Q2 and stator 502 to a ground rail 602. An
output switch Q4 completes another circuit by selectively
connecting switch Ql and stator 502 to the ground rail 602.

30 Output switch Q3 is controlled by a switch Q5 which receives a
control signal via port BQS. Output switch Q¢ 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
Lo open switch Q1 so that switch Q1 is always open when switch



~output switch Q4 conpletes another circuit by selectiv ect. swi tch
QL and stator 502 to the ground rail 602. 30 Qutput smﬁ?gﬁﬁﬁgﬁ$§bgggtrolled

by a switch @ which receives a control signal via port B@. Qutput switch
A is controlWwedsstsyr a switch B which receives a control signal via port
BB. Wen switch B is closed, line 604 pulls the gate of lemlrgoo'i“g(%pen
swwtch QL so that switch QL is always open when switch 17 Septenber 2003 WD

00/ 57541 28 PCT/ USQ0/ 08038 B is closed. Sinmlarly, line 606 insures that
switch @ is open when switch 4 is closed. The single phase w ndi ng of
the stator 502 has a first termnal F and a second termnal S.. As a
result, swtch QL 5 constitutes a first input switch connected between
terminal S and the power supply provided via rail 600. Switch B
constitutes a first output switch connecteggbetween termnal S and the
ground rail 602. Switch @ constitutes a second input swtch connected
between the termnal F and the power supply 10 provided via rail 600.
Switch 4 constitutes a second output switch connected between termnal F
and ground & 1s6G2osadl.a Simsiilarlyt,ha ifieC OB QERSSYs q._qgtr C%‘?lg{}guéi r st

i nput swi t clapeh whRe ha r3ecend sin Yt Sﬁitch @ and the tirst ou sWtch
@B and the secong out put switch C& SAEM -t hat the current t hrough 15 the
notion is provide edﬁﬂpﬁéetﬁ@aﬁﬁryﬂngﬁngfofheheoamuk@&i@@2lHﬂé‘%jfirst

i1l ustratedtermEnglr @ 2Ad Eheebnst L i gni fi,cant _ because of nol se and
efficiency Egﬁgg@g and ap&hiegkfgatﬁ?gm%ﬁgaeg'deéﬁcg F@ﬁ&ﬁ&gyﬁﬂ%%&h Q& t her
QL or ég i s alwaysT-oR" 2 WAERCerPRBE EBisrhQaonpected bespeeti Welphminal s

PDOFFTI M i sanfetRe pewarusegpily pbev§§éHW@£§‘99£@r659ntrgh.%l orjthms. \Wen
' I nput swi EW Q%iQ§ cl osed.

Srrarly, SREPELEBIhER B ok, BB Phstchienehed hmsumaspomainan
the second 3BHphEesgFeendQuash ehar wheitthenz sesase: oyt ayt aSUELERAO} g,
gbmpfgdq,oéh?sﬁftgndc?ﬁhgé&té&ﬂ 5&Pwlln 20nd S_té)Prﬁ:[.haf‘l .éoénghgget pnggcgzgpggt bt
Br%%ﬁé@d 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 output switch Q4 such that the current through
15 the motion is provided during the first 90° of the commutation
period illustrated iq Figure 27. The first 90° is significant
because of noise and efficiency reasons and applies to this
power device topolegy (i.e., either Ql or Q2 is always "on"
‘when either Q3 or Q4 is off, respectively. PDOFFTIM is the
20 t?rm used in the software. power control algorithms. When the
first output switch Q3 is open, the first input switch Q1 is
closed. .Similarly, the second input switch Q2 is connected to
and responsive to the second output switch Q4 so that when the
?econd output switch Q4 is closed, the second input switch Q2
25 18 open. Also, when the second output switch Q4 is open, the
second input switch Q2 is closed. This is illustrated in
Figure 27 wherein it is shown that the status of Q1 is
Opposite the status of Q3 and the status of Q2 is opposite the

status of Q4 at any instant in time.
30 Figure 26 is a timing flow chart illustrating the 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 continuous

mode to get the motor started. The present start algorithm



: second input switch Q2 is closed. This is illustrated i séﬁk&ﬁﬁé?z%ﬁs"mere' n
it is shown that the status of QL is opposite the status of (B and the
status of Q2_is opposite the status of 4 at any instant in tine. 30
Figure 26 is™PP3PHg flow chart illustrating the start up mPda/usiot/bsoas
current maxi num determ ned by the setting of PDOFFTIM versus the notor
speed. In this node, the power devices are pulse w dth nodul ated by
software in a continuous node to get the notor started. The present start
al gorithm 17 Septenber 2003 WD 00/57541 29 PCTI USOQ 08038 stays in the
start node eight commutations and then goes into the RUN node. A simlar
al gorithm coul d approxi mate constant acceleration by selecting the correct
settings for PDOFFTIM versus speed. At stgp 650, the value HALLIN is a
constant 5 defining the starting value of the Hall device readi ng. Wen
the actual Hall device reading (HALLOLD) changes at step 652, HALLINIis
set to equal HALLOLD at step 654 and the PDOFFTIMis. changed at step 656

dependi ng omstaies R | e I a 0
(BpQS andg 1 %%th{ontrol 81t%ﬁl'g %g?g?: E%%l eﬂsﬁ%%[ergfeéf%eq ect” o
out put (HSS) &8sst e A FATEARE & aﬁmle HBesm FERORPX i e wrditlrant

nodul at ed weidceld3atiio by WedecHSAg( sheokedrecthanges For BotEry
mmgnet i b chanie U5 FBESTS WAto (BRSPS PEnG gRe SPE g it Hhas g ﬁs
to pul se Hnﬁr@eurtéxe«a staating PaMEEMPE EhguHelld4 deviltst nateS Aot hefen
iR nea apresisedt R CANR! SRS GRPRRD LT O A %
sensing. 20 EErPFcﬁﬁértoaéaBP |H@L%@Lﬁ|eﬁr§t2@,GﬁﬂCE@midﬂﬁséﬁm3EFDIM is
control's thehanget awi tstb@SSQS @péﬂ&'ﬂnﬁh@h eaehriphput switch is open or
off for a mininugy er|o i nF %E LM during each %%!se wi dt h
nodul ati on perlod ere % Fote %Fa?ﬂ? P tputs (BQS and
10 BQ8) that control the motor when the strobed hall effect
output (HS3) changes state. In this example, BQOS5 is being
pulse width modulated while HS3 is 0- When HS3 (strobed)
changes to a 1, there is a finite period of time (LATENCY) for
the microprocessor to recognize the magnetic change after
15 which BQS is in the off state so that BQS beglns to pulse
width modulate (during PWMTIM) .
Figure 24 illustrates arother alternative aspect of the
invention wherein the microprocessor operates within a run
.mode safe operating area without the need for current sensing.
20 In particular, according to Figure 24, microprocessor 514
controls the input switches Q1-Q4 such that each input switch
is open or off for a minimum period of time (PDOFFTIM) during
each pulse width modulation period whereby over temperature
protection is provided without current sensing. Specifically,
25 the minimum period may be a function of the speed of the rotor
whereby over temperature protection is provided without
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), Alis set to 165 and SOA
30 .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. "AWw is a variable
and is calculated by an equation that represents a PDOFFTIM



.protection is provided w thout current sensing. Specifi
m ni mum period nay be a function of the speed of the ro?aé &Wé?rezb gover

t enperature %)o%gion is provided without current sensing by limting the "
total current over tine. As illustrated in Figure 24, if thePSpamdonsmss
greater than a mnimmvalue (i.e., if A< 1.65), Ais set to 165 and SOA
30 limting is bypassed and not required; if the speed is less than (or
equal to) a minimumvalue (i.e., if Az 165), the routine of Fig. 24
ensures that the switches are off for a mninumperiod of tinme to limt
current. "A"" is a variable and is calculated by an equation that
represents a PDOFFTIM 17 Septenber 2003 WO 00/ 57541 30 PCTI US00/ 08038

m ni rum val ue at a given speed (speed is a,gonst ant mul tiplied by 1/TINPS,
where TINPS is the notor period). Then, if” "PDOFFTIMis < A, PDOFFTIMIi s
set to A so that the notor current is kept to a maxi mnum desired val ue at
the speed the 5 notor is running. As illustrated in Figure 18, the notor

i ncludes a hggghlupwr 12 for I resetting the n1croprocessor

when a vol gag o] tﬁgmgi)\ﬁgr %s VE%F sgjcf%%ar/ L%ﬁ)%?%rfssfar g%ﬂ"t?é’iad%‘ Jultiplied

predet er ni n8Y ﬁlf{ &SRS d “{l’@rébg\?&%éyﬁrsectéteermtrmd gehrieshal d.THeh | i f

parti cul ar, PROFFTEMQE sdicsah)| eDdFrerIM QL@@@&?:%S%_;V# %q%%r &ew\%‘o? VPP when
S

the divi ded gg%%gge % Efwepin resi stors R16_ an
pr edet er ni né reshdl h& e PEErgMEs Sasined rvadate wdt ddhearspesss athenhen
the volt agemﬂéPUr hA$ tonbpéngbove the predeternined threshold thereby

mbodi ment. of 2 St FoBa G roart 590 'EF & HE hate SERss 1600 iR a reset
n1croproces§P¥cBéﬁe55?e§°§ pelsetivelly medetatiog sb@naggﬁgﬁrdgﬁb%%rbwhen
 nt or EE?% §§”§§§?§§E M Leh i and Brov Ay e dgas Bt Sefend
sensor 508 & to above a4 predetermined threshold.
10 In particular, switch Q6 disables the mlcroprocessor via port
MCLR/VPP when the divided voltage between resistors R16 and
R17 falls below a predetermined threshold. The microprocessor
is reactivated and reset when the voltage returns to be above
the predetermined threshold thereby causing switch Q6 to
15 close,

Figure 19 illustrates one preferred embodiment of a
strobe circuit 520 for the hall sensor 508. The
microprocessor generates a pulse width modulated signal GP5
which intermittently powers the hall sensor 508 as shown in

20 Figure 21 by intermittently closing switch Q7 and prGV1d1ng
voltage VB2 to the hall sensor 508 via line HS1.

Figure 17 is a schematic diagram of the power supply
circuit 503 which supplies the voltage Vv, for energizing the
stator single phase winding via the H-bridge 504 and which

25 also supplies various other voltages for controlling the H-
bridge 504 and for driving the microprocessor 514. In
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

30 508, 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 17 is a schematic diagram of the power supply r 0 I ch
supplies the voltage Vin for energizing the stator si ﬁgﬁg ‘%1 @e&ﬂwﬁdl ng
via the H bridge 504 and which 25 al so supplies various other vol t ages for
control ling ﬂ%8°®5”%¥|dge 504 and for driving the microprocesserafsbdogosd
particular, the |ower driving voltages including VB2 for providing control
voltages to the switches QL-Q4, VDD for driving the m croprocessor, HS2
for driving the hall sensor 30 508, and VSS which is the control circuit
reference ground not necessarily referenced to the input AC or DC vol tage
are supplied fromthe input voltage Vin via a lossless inline series
capacitor Cl. 17 Septenber 2003 WO 00/57541 31 PCT/ US00/ 08038 Figure 20
illustrates the inputs and outputs of mcgoprocessor 514. In particular,
only a single input GP4 fromthe position sensor is used to provide

i nformati on which controls the status of control signal B applied to
swwtch @ 5 to control output switch @B and input swtch QL and which

controls the staFigusk eontiddlssirgnals BER apphiced ah@ DckR QSC%F to contro
I nput for

out put switgh t tc an qptiona
sel ecti ng n?tggﬂpﬁgggbggE SEQ" qgtéﬁgt%ﬁdﬁﬁéy Bgigoﬁn@éﬁeéeféﬁppécﬁPélng a
t enper at ur e*¥RAPut elgoééﬁﬁﬁﬂaﬁénsoutpwtuwhdntos@dowﬁdQOHhmaghhggoﬂﬁgﬂlch

thern1stor cORrY: Fsguhé 88 uster f art .of _one prefer
enbodi e T atls %E %E%%rg%erg e%ﬁcgésaﬁg GBrEﬁtSWltCh Q5

controlled QL c?ﬂFEOﬂgaﬁtpPﬁeSW6FFEw@ﬁga@éeﬂ&PhthWhScpaQanaharehﬁpnly
MOTOR RUN mwmcﬁB/leecgma CONEBRE roft 555 ﬁagngng?ggeaoggut at CF Qghe
S

ti'me power gevi T+%E§ éh t 5l e Lhe Co "on pert
cal cul at ed. CIiﬁﬁﬁfyi gt Yﬁ ch @ PQtFBﬁubeFWéﬁcblQﬂdedIbHUQ GPR0)s
20 Whlle|rFQfRP%&%ﬂQlr%m@uheforhselestah§0moﬂb£Uéﬁéed or other feature
or may be connected for receiving a temperature input
.10 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
current controlled. 1In this mode, the following operating
15 parameters apply:
' MOTOR_RUN POWER DEVICE (CURRENT) CONTROL
®At the end of each commutation, the time power devices will
be off the next time the commutation period is calculated.

OFFTIM = TINP/2. (The commutation period divided by 2 = 90°) .
20 While in the start routiné, this is also calculated.

¢After eight commutations (1 motor revolution) and at the
start routine exit, PWMTIM is calculated:
PWMTIM = QFFTIM/4

®At the beginning of each commutation period, a counter
25 (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



- After eight commutations (1 notor revolution) and at tkF e I ne
exit, PAMII Mis calcul ated: PWMTIM= OFFTIM 4 At the bggisr@?%ﬁeéfﬁggch
comut ation period, a counter 25 (COUNTS) is set to five to allow for four
times the powd? %%&{tes will be turned on during this commut atFiCaISO0BABEUM
= PWMTI M PDOFFSUM = PWMTI M PDOFFTIM TIMER = 0 17 Septenber 2003 WO

00/ 57541 PCTI USOO 08038 32 (PDOFFTIMis used to control the anpunt of
current in the notor and is adjusted in the control al gorithm ( SPEED,
TORQUE, CFM etc.). *Commutation tine set to O at each strobed hal

change, 5 HALLOLD is the saved hall strobe value. -During notor run, the
flow chart of Fig. 28 is executed during each commutation period. In
particular at step 702, the comutation tiyge is first checked to see if
the nmotor has been in this notor position for too long a period of tine,
in this 10 case 32n6. If it has, a locked rotor is indicated and the
program goes to the locked rotor routine at step 704. O herw se, the

progr am check ®DOGFIEs ik hbedcaﬂﬁubﬁtkem_Eh@?am&ﬁngrSEtEhrEﬁg% gﬁgép%%g;l

step 706; if_it IS he conmmut ati.on riod is greater than

degrees and Fﬁéoﬁrg ?aﬁ?i?ggﬁﬁﬁgﬂeéntgggtéﬁn?ﬁﬁgmﬁlﬁﬁrﬁﬁhﬁs(ﬁﬁgaﬁﬂmﬁoﬁﬁﬁﬁy
devices of @RM.erkts)the routine at step 710. Next, the comutation tine
is conpared at step 712 to PWWBUM If.. it is |less than PWBUM the
commutation tinme is checked at step 714 to see if it is l|ess or equal to
PDOFFSUM whePEomputagacnt fdmeogetneoi § eki eedh28tavbetichall6cheldaes,wi se t he

routine sbr angResot.d $Eephd08abd héifpsZQébésv%( 4. For the other case
where the commutation tine is greater or equal to PWBUM at step 718

PWBUM and PDOFFSUM have PWMII M added to themto prepare for the next
pul se w dt h 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
o in this motor position for too long a period of time, in this
10 case 32m8. 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
period is greater than 90 electrical degrees and the program
15 branches to step 708 which turns the lower power devices off
and exits the routine at step 710. Next, the commutation time
. is compared at step 712 to PWMSUM. If it is less than PWMSUM,
the commutation time is checked at step 714 to see if it is
less or equal to PDOFFSUM where if true, the routine is exifed
20 at step 716; otherwise the routine branchesg to step 708 (if
step 714 is yes).

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

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

If A is equal to zero at step 720, the pulse width
modulations (4 pulses) for this commutatiocn period. are
complete and the program branches to step 708 to turn the

| lower power devices off and exit this routine. 1If A is not
30 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



-

- 25 nodul ation period and a variable Ais set to COUNT s~ equal
to zero at step 720, the pulse wdth nodul ations (4 pﬁ??gg}ér@béﬁ?{)ﬁ?s
commut ation period. are conplete and the program branches to step 708 to
turn the | owerogseser devices off and exit this routine. |If ApdFubsosdss
equal to zero, COUNTS (which is a variable defining the nunber of PWE per
comutation) is set to A at step 722; the appropriate |ower power device
is turned on; and this routine 17 Septenber 2003 WO 00/ 57541 33

PCT/ US0O0/ 08038 is exited at step 716. More PWM counts per commutation
period can be inplenented with a faster processor. Four (4) PWs per
comut ation period are preferred for slower processors whereas eight (8)
are preferred for faster processors. 5 Thgatining diagramfor 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 attenpt is tried. In view of the above, it will be seen

that the several . 10 objects of the invention are achi eved and ot her

advant ageouss ?’é%’iﬁ‘ilsa%t?%?ﬁ’le-ﬁls AR BB CURETR) RSE otPEMBle2 heRe PRYERE

above anzééxuhclbdaoﬂﬁp]l\etﬁéw&Jéddmta r@éﬁmﬁmé@m ngétlit@ (4Y1V1€W'M$013erlt
is intended_that mat t er _cont ai ve description

T the: aocorpRbsAtien eptiad s Brehddbdd o SASHE: IERSce ol e Baga
ina limtietgkent®). d7e Sepefemred 2003 EUHADPEIS I IS 1. A nmethod of
assemblsi ng an e"ﬁ?ér&ﬁf@é%l%'ﬁdf‘&hf§1%§t%§éraééﬁ ”11991-“5?9&%@95

i ncluding a stator-core_and a W ndi ng vvoun the stator core

i ncl udi ngf of i e 2l IFHRE EPfERr ceRiHedtrot e?l‘-'eqﬁan—'fo‘%/\n tPP tPRELY at BRe 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
10 objects of the invention are achieved and other advantageous
results attained. ,
As various changes could be made in the above .
- constructions witheut departing from the scope of the
invention, it is intended that all matter contained in the
15 above description or shown in the accompanying drawings shall
be interpreted as illustrative and not in a limiting sense.



-formng a rotor including a shaft; formng a hou5| ng a 5%66 ort and
at least partially enclose-the stator and rotor; nounﬁ?%e%q?ﬁlgeo o8 on the

stator by inserting the shaft through-the stator to forma stator/rotor
subassenbly, the. rotor being nmounted for rotation relative to the stator
about a longitudinal axis of the rotor shaft; and snap connecting the
stator/rotor subassenbly to the housing; therein the step of formng a
first snap connector elenment conprises,}jhe step of encapsulating the
stator core - and. winding with a t her ibbl astic material and

si mul taneously formng-legs fromthe material, the | egs each. projecting
axially of the stator and having a catch forned integrally, at a free end
of ‘the | eOygar &g 21 FRMED ?f assenbling an electric motor as set forth in
claim1l1 whereln the step of formng the housing includes formng a second:
snap connector elenent with the .housing, and the step of snap connecting
the stator/rot ot. smbmsho@quwddeabﬂénboaﬁlagemﬂﬁ n®Eor! Bompi-e1.ed

|nterengag¢ﬂg st and second snap connector elenents. 17 Septenber
2003 35 3. th of assenblln n electric notor as set forth in claim
| wherein the 6‘3 RoPIRYRF MEILEdBHA G2 sHERpEOT Sivecesd al ¥ihpding ncl udes

form ng t heodrsli o gheosbhater mre,mﬁlmgto&hmg dereifheie Q,Q,QE ggnﬁgﬁ é%at or
| egs,  eachoPpRoh dridteithe sti€8rand shaped for -receiving the catc t he
free end .of a 5ﬁ§ﬁ%ct& ‘k%tBQeiﬂ%:l&chﬁxé %igghgg: .Snap connection of the |egs

wi th the housin ass ah electric notor as set
forth in claim OWMW*"PHElg?e%d‘%Rt | ﬁb‘PPﬂﬁth%tatsﬁﬁStconnect or
el ement coppritEblyprandldisegthegstanost lamdstrator; 5 A net hod of assenbling

an el ectri ¢ M!Sl the! Lot idh Wi gtgtwesg ﬁhgéxﬁt g,e@hg hQE(T N the
second sna Yﬂf}l”l%ﬁ_ﬁ(})r enent E%%EI’I Ses ormn ave an
i nt er nal %6’(]? ,ﬂrl €9, iy ISEG‘:BE(H‘Q‘:‘?’E)%W él’t the -

rotor heing mounted for rotation relative to the stator about

a longitudinal axis of the rotor shaft; and

snap connecting the stator/rotor subas‘senbly to the
housing;- whereir the step of forming a first snap
connector element comprisés the step of eﬁcapsuiating the
stator core and winding with a thermeplastic material and
simultaneously forming legs from the material, the legs each.
projecting axially of the stator and having a catch formed
jntegrally at a free end of the leg. .

2. A method of assenibling an electric motor as set
forth in claim 1 whereinthe step of forming the housing

1nc1udes forming a second snap connector element with the

housing, and the step of snap connecting the stator/rotor
subassembly with the housing comprises the step of

interéngaging the first and second snap connector elements.‘



- catch engageable with the shoul der upon said step of 5Wﬂ%et&ﬁ&§%¥b3”9 for
snap connection of the legs to the housing. 6. A nethod of assenbling an
electric notor as set forth in claim1 further conprising the step of
installing. a printed circuit board on the stator by nmaking an el ectrical
connection of the printed circuit board to the winding of the stator, the
printed circuit board being free of any other fixed connection to the
stator, 7. A nethod of assenbling an electric notor as set - forth in claim
-6 wherein the step of snap connecting BRe stator/rotor subassenbling with
t he housing includes engaging the printed circuit board wth the housing to
form an |nterference fit of the printed circuit board with the
housing',',-",the printed circuit board being free of any other connect i on
to the hou3|ng3-17 Seprethodr of0assgbing averehedtvic asmfmthlaisngesn el ectric:

notor as ssbrtﬁ om h:llaﬁ.u@ Ilawahikemeﬂ% rbﬁé’pi‘oit €BrRind QUHHE Recohl 8habor

I ncl udes t ti l.u dj stinct pi eces made of
ferr omagne |c na a#x é% éﬁﬁ% %Le ?ﬁfﬁQﬂﬁtﬁbhagflgnof t he

st at or corienwrérﬁla a?@ml\dar f@%a@‘%ﬁh qferﬁ%@r stateriags igach epanimg opening
of the st ab@ing &ied aadi shaped %ﬁflclﬁicﬁﬁrihbetﬁér&dﬁﬂh lagC gher £PBEhERa and

the stator r | a 0 r I_al g said
step of | ocata? :?es]%% ng% gﬁ?hod ‘H¥e tf?}"nrﬁn%% c’e?'{e%tcr%llggno il'%s. set
forth in cl%ﬂﬁnﬂ}ﬁhhéhelh°?$kﬂgstep of | ocating the pol e pieces conprises
forcing pole pleces into the central opening in a space between the

central Iocator ele 3ht$%aég§%$ﬂ11%%r ei£§}ﬂ¥g %oE gcgé gg@arlng t he

mat eri.al of the sta or core as nt o Spacé between the
central | ey ImEkpEp éﬁﬂ‘%%’bt‘%{eoﬁtéeréf ﬁmﬁpﬁoélﬁﬁta%%@rbl i'ng an
el ectri c redmiect®rselemémt tdonpricleai @m&vﬁdihgelegs)mprthengt&tbrm ng a rotor
shaft bearing into the central |ocator nenber.

5. A wethod of assembling an electric motor as set
forth in claim 4 wherein the step of forming the second snap
connector element comprises forming the housing to have an
internal shoulder for each leg, each leg being formed with a
catch engageable‘with the shoulder upon sald step of snap
connecting for snap connection of the legs to the housing.

6. A method of assembling an electric motor as set .
forth in claim 1 further comprising the step of imstalling a’
printed circuit board on the stator by making an electrical
connection of the printed circuit board to the winding of the
stator, the printed circuit board being free of any other
fixed connection to the stator. ‘

7. A wethod of assembling an electric motor as set
forth in claim 6 whq-fein the step of snap connecting the
Stator/rotor subassembling with the hou_.éing includes engaging
the printed circuit board with the housing to form an
interference fit of the printed circuit board with the

_housing, the printed circuit board being free of any other
corinection to the housing.



-11- A nmethod of assenbling an electric notor as set foertéb[pité}nt‘}éraéoﬁbl
conprising, followng the step of snap connecting the stator/rotor
subassenbly to the housing., the steps of inserting a probe through a port
formed in the housing, engaging electrical -contacts on a printed circuit
board wthin the housing with the probe, and progranm ng the printed
circuit board through the probe. 12. A nethod of assenbling an electric
notor as set forth in claiml conprising, following the step of snap
connecting the stator/rotor subassenbly 3¢ the housing, the. steps of

I nserting a probe through a port fornmed in the 17 Septenber 2003 37

housi ng, engagi ng electrical contacts on a printed circuit board within
the housing with the probe, and perfornmng an electrical test on the notor
t hrough the proBe. .A3wnétHodmifhedseimbddngnkhiélpdtiidl RBtbrCalfDLEeE as set
-forth in EHaditR 1nCOIRSdk S I 1N e. st S opnecting the
stator/rotqr ﬁggasseﬁgfg_%gaﬁﬁéﬁﬁgggkngtépH%éjggggégbgﬁ?ngg?E?ﬁg a probe

t hrough a 3‘6‘#’ 5PnERe i P ST Fadatdy Laspting puzelr distinehtpels on a
printed ci Pdgices bade dofi fieninonagaehdosinageridlh relatprabeo #regierai ng t he
printed ci ledglithashsh (HEHQUAE a&ﬂ_.aoqa;%gr ' n ectrical test
on the not @é@rou h .t‘%% prQbeTtR%4Q_E9§iﬁ~et od 0 aglsg%%ﬁ%:b St i c
motor as net - torth ot it 23°ePEFRhetPIng: PEi FBe $ertemieRrahe step of
pr ogr anmi n§adkel prokrmanasisr ofi thbocedt call peakoknnagbén amd atd istaltokest of

renovi ng t BererBOEnR IS0 Bp Byt Ble POES torVidoRedmSt OPs 4 £! aggnnect ed
to the hou§£ 'ofll‘:ft Aé'iel ectric notor conprising: a stator 1ncluding a
stator core, W g 89 the stator core, and a first shap connect or

el ement; a rotor including a shaft received in the stator core for
rotation of thegrotor meehatli ¥¢ i8sdds) Sihar « 800U 1d Reoed;00Y Lugi nal axi s
of the shatlyip 104504 89REE A ARy R oMol dhy Y podbohscthe

comprises fprcing pole pieces into the central opening in a

space between the central locator wember and the stator core,

the pole pieces shgaring the material of the stator core as

they are forced into the space between the central locator

wember and the stator core. .

10 . A method of assembling an electric wotor as set
forth in claim 9 further comprising molding a rotor shaft
bearing into the central locator member.

11.- A wethod of assembling an electric motor as set
forth in claim 1 comprising, following the step of snap
connecting the stator/rotor subassembly to the housing, the

- steps of inserting a probe through a port formed in the

_ housing, engaging electrical contacts on a printed circuit
board within the housing with the probe, and programming the
printed circuit board thrbugh the probe.

- 12. A method of assembling an electric motor as set
forth in claim 1 comprising, following the step of snap
connecting the stator/rotor subassembly to the housing, the
steps of inserting a probe through a port formed in the



- housing having a second snap connector elenment fornmed yh&fRidmberidBafirst
snap connector el enent being engaged with the *second snap connector

el enent, for connecting the stator and rotor to the housing;, wherein the
first snap connector elenment of the stator conprises plural |egs
projecting fromthe stator, each | eg being capable of resilient deflection.
17 Septenber 2003 38 16. An electric notor as set forth- in claiml6,
wherein each |leg bas a.catch formed at the end thereof. 17 - An electric
motor as set forth in claim 15 wherein the second snap connector el enent
conprises plural shoulders in the housing, each shoul der engaging the
catch of a respective one of the legs with the leg in a resiliently

def ormed position for snap | atching engagenent of the legs wth the

housi ng. I$hous%tge|Q@hﬁgﬁn?DéDécﬁﬁléﬁi édﬂﬁdbﬂsnoﬁ|g'ﬁkiﬁt@@eéf%éﬁfﬂ:hf
rotor conpr a e ection radi out yar rom
t he hub, }%a ﬁ b%&h’?@n Qé{e ﬁ%‘églht?% "(?)1@}1% é’tro orie?H ¥ rEOTPHRI (e hub
recei vi ng aF Issteisalotes e°§t'é’cl%rmqu'?"er"ehzwughhéhﬁopnﬁbshaft bei ng di sposed
generally in the. cavity. 39 . An electric notor as set forth in claim17.

wherein the hoyging ulgg‘gﬁb?ﬁé :ahgé{?qlg;ﬁ%g %nglgcg?%éltgn?%%e%she tator

t herein, I nc ers ~engagin the | egs,

and openi n&é’ ﬁ f‘ﬁecil,ﬁb'“dl %p?g‘wlf%irn%zccfé’é-épwgngt e fsteep epfisnsR t he | egs

in the housongetoingotheestatmi/nstior ste;laea&mbgytb@ ﬂ@éQEtﬁSsifxfg),mthée

shoul ders h@ebgeofu§h§£¥t1 %? &h%%u ‘%Rn An % ectric motor
enl % ? eho

as set for h |n claim1l eac ust nogri nel udes a

radi al | y otf8P8dge %?1?9“?59 reétﬁceﬂrl’failnﬁéfl agge ??I%G’#Wt@%|%@uﬁ‘ﬁkl ng an
angl e of aboaréa‘sitlabm&hdwtwm-lg mti¢hl chgi probeal prodramafingheheot or shaft

ther eby. { Opkat&d oAbtk Aodtf Phrbligh thE PAUSE Nthd W HUHRLGC anOPEN N0

21 An electi tr1cé¥ éggé“gn E%e mothg £ gé&%h the probe.

14 . A wethod of assembling an electric motor as set
forth -in claim 13 further cdmprising, following the step of
programeing the printed circuit board and performing an
electrical test of removing the probe and closing the port-
with a stop releasably connected to the housing.

15- An electric motor comprising: .

a stator including a stator core, a winding on the stator
core, and a first snap connector element; l

a rotor including a shaft received in the stator core for
rotation of the rotor relétiue to the stator about the
longitudinal axis of the shaft;

a housing adapted to support the -stator and rotor, éhe_
housing having a second snap connector element formed therein,
the first snap connector element being engaged with the second
snap ‘connector element. for connecting the stator and rotor to

the hou31ngﬂwhere1n the first snap connector element of the
.:stator comprises plural legs pro:ectlng from the stator,

each leg belng capable of resilient deflectlon



- the housing further conprises plural spokes and an ann er
2003 39 rim the spokes projecting radially fromthe cﬂb%&%%;wﬁﬁegﬁgglar

ri mand connecting the cup and annular rim the spokes defining a shroud
around the fan blades. 22. An electric notor as set. forth in claim?21
wherein the annular rim has fastener openings therein adapted to receive
fasteners for nounting the notor on a structure. 23.. An electric notor as
set forth in claim15 wherein the stator core and- mnndlng ate
substantially encapsulated in  a thernoplastic encapsul ation nmaterial, the
first snap connector el ement being forneggas one .piece fromthe

t hernopl astic material encapsulating the stator core and w nding. 24_ An
el ectric notor as set forth in claim23 wherein the. encapsul ation
material is formed with a generally annular skirt prOJectlng radially

outwardly from the @rcelsstiit edtat atsosetC%ﬂ:h ILHQ:l%Ezhrlte Q&é}%]_{. g#osel y
spaced relat|0n1@9&35iggghﬁpgg{ NS, ext eri or tor
a

junction, the skirt having aeveFéd edge f Iectlng wat er away from
the junction thereby to inhibit entry of water between the rotor and

stator. 55 An1Eel.echni ele®ttic &ﬁ:ti:[et abogbbh E&r@l Adnh2ifunk ﬁeré:&gpr i si ng
a printed giyg el.gel L connection to the w nding an
o o) b ba? TRheb Srop e mitpdasbPRkARe boar d

bei ng free

Of
havi ng an- ith{Bes g PRRtRI £ iQagh ﬂ#%éeﬁoﬁsg@@lwd:l@emgchf ofeaof ot her
connect i on Hespehbitieusna@f ifie légseheehr(me Ml §3§1if’éﬁﬁgﬁ n claim25.

wherein tmgfbgﬂéa ggﬁ? DS na |? % erein an? engadi ng 17
Sept enmber - ggﬁ g Fh ral edgesb §¥ ﬁg?ﬁ ?ﬂﬁ%@eEFPEu? HRA®IH form
sai inte e e circui oar . An electric notor as
d inteff&rehbe HS-h-t h t board. 27 . An el ect t
set forth in claim15 wherein
18 . BAn electric motor as set forth in claim 17 wherein
the rotor comprises a hub and fan blades projection radially
outwardly from the hub, the hub defining a cavity opening at
. one axial end of the hub receiving a portion of the stator
therein, the rotor shaft being disposed generally in the
cavity.

19 . An electric motor as set forth in claim 17 wherein
the housing comprises a cup recéiving a portion of the stator
therein, the cup including the shoulders engaging the catchés
of the legs, and openings in the cup disposed for accessing
the free ends of the legs in the housing for non-destructively

. releasing the catches from the shoulders in the cup for
disassewbly of the motor.

20 . An electric motor as set forth in claim 19 wherein
each opening in the housing includes a radially outer edge and
a radially inner edge lying in a plane making an angle of at
least about 45° with the longitudinal axis of the rotor shaft
thereby to inhibit entry of water into the housing through the
opening.

21 . BAn electric motor as set forth in claim 19 wherein
the housing further cowprises plural spokes and an annular



~.the stator further conprises plural distinct pole pieges Ber 2pgAt r al
| ocator nmenber, the central |ocator nenber being . received In a central

openi ng of the stator core and engaging radially inner edges of the pole
pieces to radially position- the pole pieces. 28 . An electric notor as set
forth in claim27 wherein the stator core includes ribs projecting
radially inwardly into the central opening of the stator core and engagi ng
the pole-pieces, the pole pieces shearipg material fromat |least one of
the ribs upon assenbly of the pole pieces and central |ocator nenber wth,
the stator core so that said one rib has a reduced radial thickness. 29 -.
An electric notor as- set forth in claim27 further conprising. a rotor '

shaft bear ixigh,gener spdbiedl 4 ihg Lhsey t nj of .the stator core
- 108 B8P it RETLIR O GE 51201, 0

and receivi o) shaft therein, e centr
nol ded ar ogﬁu&tgﬁé%‘éa%dné: on¥Getingntiae «in adnaneulax st fthet fpokes! ai m

15 furt her 9eLdppRg st hkeudyprousd the cfad Himaed.havi ng progr ammabl e
conponent s adapted to control the operation of the notor, the printed

circuit board bging iLved.i.n the housing and having electrical contacts
thereon, and wherej r%{‘f%ge gg%?n 2% a8 570y £orbhnb elsdmedln whergimeral |y

al i gned wi Fhet3dan admshas faskeney niretiicgecthérdionmdapued £hat t he
contacts areceissdesiteherk hf@bl%ﬁxhﬁir%() thel RoLSPTUPS 52 RukPufe
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m croprocessor. 17 Septenber 2003 41 . An electric notor as Set forth in
claim30 further conprising a stop releasably engaged in the port for
closing the pddt. 32 elfcerig matormasopebsferth figr thaim 16| aiardinvher ei n
the stat oglg{rqhaitpes eprarand diividingt aﬁél Stb_ﬁé@&ﬂﬁaﬁﬂgﬁgaﬁghdlé&% stat or
core, each S V{1 ner S and I ncl uding an"inner
leg received in abggﬁtﬁr}gl opﬁl%%tgf’g F‘%'ée’é’ta:t&ta‘gﬁzh&hrﬁﬁc?%ﬁ? ogter | eg
ext endi ng G oflefent being Tormed as one piece from the

. thermoplastic material encapsulating the stator core and

winding.

24 - An electric motor as set forth in claim 23 wherein
the ;encapsulation material is formed with a generally annular
skirt projecting radially outwardly frow the encapsulated .
stator core, the gkirt being'in'closely spaced relation with
the ?otor to define an exterior rotor/stator junction, the
skirt having a beveled edge for deflecting water away from the

junction thereby to inhibit entry of water between the rotor
and stator.

25 . An electric motor as set forth in claim15 Ffurther
comprising a printed circuit board having-an electrical
connection to the winding and being free of other connection
to the stator, the printed circuit board having an
interference fit with the housing and being-free of other
‘connection to the housing.

26 . BAn electric wmotor as set forth in c¢claim 25 wherein
the housing has intermal ribs formed therein and engaging



-stator core at a location outside the stator core, a rqqgﬁﬁﬁ&nbqum@rdly
out war dl'y openi ng notch

directed face of the outer leg having a radially
therein. 33. An electric notor as set forth in claim15 further conprising
t he wi ndi ng and di sposed

a printed circuit board electrically connected to
generally in the housing, the printed circuit board having a power contact

nmounted thereon for 'receiving electrical power for the w nding, and
wherein the .housing is fornmed with a plug receptacle for receiving a plug
froman external electrical power source4tnto connection with the power
contact, the power contact being received in the plug upon connection of

the plug to the power contact, the housing including a plug |ocator for
ive to the power contact so that the contact is

l'ocating the,pl rel afi (
recei ved .oﬁ?y”gkg?ﬁ]alq%ﬁsnf’g the prirteshovircuibnbodrdred Eorke spiygg.
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Abst ract o : :

27 . An electric motor as set forth in claim 15 wherein
the stator further comprises plural distinct pole pieces and a
gentral locator member, the central ldcator wember being .
recgived in a central opening of the stator core and engaging
radially inner edges of the pole pieces to radially posgition
the pqle pieces.

28 . An electric motor as set forth in claim 27 wherein
the stator core includes ribs Projecting radially inwardiy
into the central opening of the stator core and engaging the
pole pieces, the pole pieces shearing material from at least
pne of the ribs upon assembly of the pole pieces and central
locator member with the stator core so that said one rib has a
reduced radial thickness. '

'29-. An electric ﬁotor as’ set forth in claim 27 Further
comprising a rotor shaftr bearing generally disposed in the
central opening of the stator core and reéeiviug the rotof
shaft therein, the central locator member being molded around

the bearing.

‘30.. An electric motor as set forth in claim 15 further
comprising a printed circuit board having programmable |
components adapted to control the operation of the motor, the
printed circuit board being received in the housing and having
e?ectrical contacts thereon, and wherein the housing has a
port formed therein and generally aligned with the contacts on
the printed circuit board such that the contacts are
‘accesgible through the port for connection to a
microprocessor.



“[err] An electric notor having a snap toget her construaligpidhidiopbzt he use
of separate fasteners. The construction of the notor renpbves additive

bl e of
tol erances for a nore accurate assermbly. The notor is capa _
programm ng and testing after final assenbly and can be non-destructively

[ [ I fi [ [ tructed to
di sassenbl ed for repair or nodification. The notor is cons e
inhibit the ready entry of water into the notor housing and to linmit the

ef fect of any water which manages to enter the housing.
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31. An electric motor as set forth in claim 30 further
comprlslng a gtop releasably engaged in the port for closing
the port. :

32. An electric motor as set forth in claim 15 wherein
the stator comprises plural distinct pole pieces wmounted on _
the stator core, each pole piece having a generally U-shape
and including an inner leg received in a central opening of
the stator core and an outer leg extending axially of the
stator core at a location outside the stator core, a radially
outwardly directed face of the outer leg having a radially
outwardly opening notch thereln.

' 33. BAn electric wmotor as set forth in claim 15 further
comprising a printed c1rcu1t board electrlcally connected to
the winding and disposed generally in the housing, the prlntad
c1rcu1t board having a power contact mounted thereon for
receliving electrical power for the winding, and wherein the
housing is formed with a Plug receptacle for receiving a plug
from an external electrical power source into connection with
the power contact, the power contact being received in the
plug upon connection of the pPlug to the power contact, the
housing including a plug locator for locating the plug
relative to the power contact so that the contact is received
only partially into the plug upén.connection to the plug.





