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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 RESRIYY iaf plgerrie forops onetiuhges hthat a rotor be

mounted for rotation relative to a stator so 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



transfer of magnetic flux between the rotor and stator,, éaﬁﬁtenber
2003 WO 00/ 57541 PCTI USOO 08038 2 permitting the rotor to

tol erances in the dinensions of several .conponents nay have an ef fect on
the size of Whevatstigap. The tol erances of these conponents g@ﬂ %]ve
so that ‘the size of the air gap may have to be larger 5 than desira

assure that the rotor will remain free to rotate in all of 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. Mtors are
commonly programed to operate in certain ways 10 desired by the end user
of the notor. For instance certain operational paraneters may be
programmed into the printed circuit boardzconponents, such as speed of the
notor, delay prior to start of the notor, and other paraneters. Mass
produced notors are nost commonly programmed in the sane way 15 prior to
final assenbly and are not capable of re-progranm ng. follow ng assenbly.

However, theeend tusers uHetﬂutdﬂNUw'ro&QEEtlW&%eh%$Qe§ EE%reﬁE [L@Qui rement s
for operatlgqm% n.addition, the end user change the

desired ..opera F%%ﬁ aréﬁ@?@PSCBWpPHEhﬁﬁtEFY PéWetﬁPseﬁ€&§@n0nla¢@@ 20
i nvent or i es Sézemofotdie @rimigapeasTher ogl aranbke 6 gHbke Q%b@%en%rse aept
to satisfy gh ad, -of ati;gns ectri.c _notors

appl i c? i ons QIJ.E!CWE % trﬁ‘osglh\%hlgc%grgauﬁr"s fhé ﬁﬁPoF‘aVo FktPanhéarger
presence of thanedesi € it® @esurgephat thet motopewallomeandnl fkeeof ot he

mtor, 25 gedate in Witabe enkeqBbhe skakap1and CORL Al SLLCUEITY free of
accunulatlo known to make t hé other

§§ ofnma %e
conponents warer-pr 8fWhﬁ8ﬁe95 eCkoFhfaSizepphdtitedaint grp canlyarwperatlve
t hat .t he codepefidpngvepbnnghewabarlifupat eshenknghangdogssumul ating in the

not or be kept to additional concern when the notor is used
in thel0 area of MsFr?Sg?gFrgﬁhPEH%ﬁep¥%$ﬁ%TW% bP Peerahet kB ABEBRIN ways

desired by the end user of the motor. 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

-



- Not uncommonly the notor will be disconnected fromits , or
damaged by the formation of ice on electrical connect (;Ir%s gﬁ%@%%?olﬁﬁto t he

circuit board. lIce which forms 17 Septenber 2003 3 between the printed
circuit board at the plug-in connector can push the connector away fraom
the printed circuit board, causing disconnection, or breakage of the board
or the connector. Summary of the Invention Anong the- several objects and
features of the present invention may be3noted the provision of an

el ectric notor which has few conponent parts; the provision of such a
notor which does not have fasteners to secure its conponent parts; the

provision o ar..which .can.be, accyrat el assenbl ed in nass
product i on;ijteg#e}g&r\g‘\:}l;gﬁpo%no ds:l?c,iﬁréuﬁD%?r h%'f/iqé PoHFohR reQuResHay cagf
taki ng. up PUFRréhr onneaton awey frow thé aprinteld addctivebdmb®r ances; the
provi si on ofassinly alistintieceiibal) 6anbb@am&g@rcgg%ﬁgnggaﬁléﬁvgﬂgg final
assenbl y; t Syl sion. of such a nmotor which inhibits the intrusion of
water into the notor; and the provision of such a motor which resists
damage and mal function in | ower tenperature. operations. Further anong the

several objSupnmranoff ehburasentislie present invention nmay be noted the .
provi sion of a d : npl el ric notor_which requires few
steps and i ni nal agig%' s?ﬁéeggpir)oé\’/%%r% ﬁﬁgESﬁg%t%&PevﬁFéﬁem: ni ni zes
the nunber MVBSARBCFABRe FPkd iha Brovigden eficupredeictivdn mbtorsuch a
met hod whi edhighnhaszfewtdeysdriant pairtaddi théeprddl o e2S subiics tRSt?:\é!- si on
of such a wErlikadavbs ChoP S4% 1.NgQ .3 testing follown nal
assenbl y; %gld the ﬁg%ovgé%aﬁeg%%%t ﬁ%%‘?ldm%? © %gﬁgﬁu?op o

Gener al | y, “dEnBFROH= T2 [y "2 P& ¥BiFh ccambhsy agpuratelyr esent

i nventi on ésspmbled immwiawy perostumitdoni; nthe dhbrgriziont 8E05uSIRIE witbd W ndi ng

wound on -hheifsl abStipdrdrits Iapa8dengs taking up tolerances to minimize
the effect of additive tolerances; the pi‘ovisiou 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 method. whicﬁ wminimizes
the number of connections which must be made; the provision'of-

- such a method which minimizes the effect of additive

tolerances; the provision of such a method which permits
‘programming and testing following final assembly; and the
provision of such a method which is easy to use.

Generally, a wethod of assembiing 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 housing 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.



forming a fast snap connector element with the stator, 7a§]ﬂ ) a
.rotor including a- shaft. A housing is fornmed which is1 a é%ﬁé%)%b%3

-support and at least partially enclose the stator and rotor. The rotor is
nounted on the stator by inserting. 17 Septenber 2003 4 the shaft through
the stator for rotation relative to the4 stator about a |ongitudinal 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 el enmepnt conprises the step of encapsulating the stator core and
wi ndi ng wi (1 SPREY idprovaly hapsbrter fardrotabion sedstive tmrthieng | egs from
t he mat eri statohealmgs acdohgi pudj ek isng sasfathey okhshsf@t ogpand- having a
catch for megachPf R linabsefbiy & ] 1d @q‘#’??" Incr#%epcf her . aspect of

y

the present inyention . An electric. notor gener "o 8sthest at or
i ncl udi ng %mgf%i?%"rwl&eo’?eé“ EBeFTRR R dereheg st flgstcsh®® and a first snap
connect or - CoflﬂeéﬁentelemmmrMmmhngsaep%chassum:e‘mgedhén t he stator
Icor e fo (r]I _ r%itﬁh:bﬁnc_:@i‘e thet hﬁh&in%&bﬁﬁf &exh@xw_ a%i:‘ig%a@é}ﬁd Wi ahde ]
ongl tudi n@ls_ 1. Oy 3 £ t . Oous| pt .0 - support the

stator and }P%g‘g%%%%lg %E%%\@sn%?& E8hn ?&a%%é'?%ﬁbntﬁ’% FHECINerein. The
first snapPredfeting aigldy: of themfagen and haviagsawatehs fapmednnect or
el ement fofintegnslly 3 at feest@idiofafter Dé®s to the housing; wherein in the
first snap ]gon&ﬁC%eath&L %@&to_f:flt Bﬁepsgfﬁﬁhtcﬂﬁ%ﬂﬁ%; Ehuréiedtﬁ@.&
projectin romthe or i g@@ﬁ.@ QbatEsidfY,
deflectiogﬁ?tﬁrthn%j%%%s a %ggggtﬁg?as of f, g prese‘%t i?ivent'l on vmall be in
part apparindingdon Fhhatasornreico ™ hd HHaFtEH3P PPP8ERt ¥ ber 2003 - . 4a
Bri ef Desosligaiencn of stdterDismluding| G shafitsignresgivededn ety Atiaénal vi ew of
an el ectridordTebP rdthtitm b thef rétdnnelakHre 26 ThansexpoOd@buper specti ve
view of C%rﬂ:)eoi%i ikl 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 stateor 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 invention will
be in part apparent and in part pointed out hereinafter.



.of a stator of the nmotor; FIG 3 is a .vertical cross ional Vi of the
assenbled notor; FIG 4 is the stator and a printed ci ﬁ?ﬁ%p?%a%?rc#oggpl oded

fromits installed. position on the stator; FIG 5 is an enlarged,
fragmentary view of the shroud of Fig. 1 as seen fromthe right aide; FIG
6. is a side elevational view of a central locator nenber and rotor shaft
bearing; FIG 7 is a right end el ev_atior‘?él view thereof; FIG 8 is a

| ongi tudi nal section of the | ocator nmenber and -bearing; 17 Septenber 2003
WO 00157541 5 PCT/ LI SO0/ 08038 FIG 9 is an end view of a stator core of the
stator with the central |ocator nenber and pol e pieces positioned by the

| ocat or neEEERIE m@gwibai@ﬁa@ﬁomeﬁb&%gs an opposite end view of the

stator core; 5 G,11 is_a thon taken .n the.planeg including |ine
11711 of R g, FGE R ate 18n e RBEegel S TRRlidhar 194 B BE A QUG F St e
notor at tWREGrUAB: FBR §Prm eHtdrfAb with the stator; FIG 13 is a section
taken in the pFage 2nié ush Ngcpldded Phrkpebtivk Tigw &f Sdpdneget Barpsi nt ed
circuit b%%rg %gagggnéigr’@h%a%éé#,ustrati ng connection of a probe to a.

it oard i n the. snhrk

printed cirtcui ( roud and a stop;, FIG. 14 is a section taken
in the plane i BEEud? nkf |13 feertisaly grogs gectignahi vew IRf fhiented circuit
board i n plaaainbbed khotedwel; 1 | | ustrating a power connector plug .exploded from

o LS, 1ECCPLgRGe Byl e Ry 0 S B sdPeiocBoED AR hpagm T

view of the notor rating snap con on O
subassenbfyomits ingaldeshposition on the stator; |
FIG. S is an enlarged, fragmentary view of the shroud of

Fig.'1 as seen from the right side; _
FIG. 6. is a side elevational view of a central locator
member and rotor shaft bearing; i
FIG. 7 is a right end elevational view thereof;
~ FIG. 8 is a longitudinal section of the locator mewmber
. and bearing; '



.20 FIG 16 is a block diagramof the m croprocessor. ¢ rolled single
phase notor according to the invention. FIG 17 is a séﬁg%ﬁggﬂgﬂﬁggsan1of

t he power su&&ky of .the notor of Figure 16 according to the invention.

Al ternativel y 0 %@ hower supply circuit could be nodified forcaucyidgst
or 25 for a non-doubling ACinput. FIG 18 is a schematic diagram of the
| ow voltage reset for the m croprocessor of the notor of Figure 16
according to the invention. FIG 19 is a schematic diagram of the strobe
for the Hall 30 sensor of the notor of Figure 16 according to the
invention. FIG. 20 is a schematic diagram of the m croprocessor of the
notor of Figure 16 according to the invention. FIG 21 is a schematic

di agram of the Hall sensor of the notor ofsFigure 16 according to the

i nvention. 17 Septenber 2003 WO 00/57541 6 PCT/ USO0/ 08038 FIG 22 is a
schematic diagramof the H bridge array of wtches for conmutating the
stator of the notor of Figure 16 according to the invention. FIG 23 is a

flow di agram il | Gxi3.atd nigs tdie perdHdpn,o©f; ] prepcessor_of the,
not or of thet4 mé%?ﬁ:ir%g_ ina mde in _which t%eéérr‘%fgargfé; %gnﬁﬁ?a?‘éﬂt%’f yith
constant air 115w irate aP@tp 3Nt RRlanpitces oost t hetedyby abhes
whi ch excl udecatesomentbepnigitawm RlrGpl¥htdna flow diagramillustrating

of the invention in a run

operation of the 0 HinCr;QPr, or_.qf the, not or

mode (after start é'i n%mﬁ%gﬁqf%}%soasf%eo&&daﬁw é:r‘éatl}ﬁ HHRE POLERTE 5

nai nt ai hed  wi t hoBEScuttedt Ferssiatd dny tekemgra theniphemefincLidind of; gach
power switchi-theot pigumief,f time depending on the speed of the rotor. 15
FIG 25 is a tin%gg d& gramillustrating the start up node which provides
a safe operating area ?Séﬁ)acgﬁﬁﬁﬁﬁyb rged, fragmentary view of the

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 motor 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 cf 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.



- on speed. FIG 26 is a flow chart of one preferred enbqgdi f
| npl ementation of the timng diagram of-Figure 25 illug ra ﬂ%g%WEBO?he

start up nndgy&@&§§4frovides a safe operating area (SOA) control based on -
speed. FIG I'S imng diagramillustrating the run up nodeTvd008038
provi des a safe operating area (SOA) .control based on speed. 25 FIG 28

is a flowdiagramillustrating the operation of the mcroprocessor of the
notor of the invention in a run node started after a preset nunber of
comutations in the start up node wherein in the run node the

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 commutations 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

Embodi nent Ref er iimed now 19 4 hendtani ngs %;&QP%}”U' A s

‘and 3, an electric mptor 20 consiructed e & fEPHIRiIsTRY R*Lt he
FebiS

present i nv&C LR ERT U statan @f Yhambtohasingas (1de

reference neweocakddndesdgngid nthvdheidn subj ects generally). In the

illustrated enbo@&gpn 3 th qg:orc}O i s of the type which the rotor magnet
is on the 10 outside oF° thie HtratOt “La%Fams iddavmt tat imge ther mpefrad ifcan.of

Accor dithgl y FhehBicgopraessmt udese ok c28 JfaHag ifn%rénl?:'i%%e?f,n %ﬁn’{? 4,
he hu Q%%g%nd

integral ly {hecawm-hia ' | radial ly _from the hub.
fan bl ades 30 are forne %;%osﬁegdgiﬁglgg%eg‘f A% BoFPRSteataidr iFAY TREehas is

open at oneSBRfdaABdl SO edighc avet definedi by 2abaker wihch. & i
cladeS
mount ed on tbéfonant points. '
FIG. 24 is a flow diagram illustrating operation of the
10 microprocessor of the motor of the invention in a run mode
(after start) in which the safe operating area of the motor is
maintained without current sensing by having a minimum off
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 (SOA)
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.

"



~axis of the hub (Fig. 3). The shaft 32 is attached to t
i nsert 34 which is nolded into the hub, along with the1v%%ﬁg¢b%ﬁ%ﬁéhaft

when the hub and fan bl ades 30 are forned. A rotor magnet 35 expl oded from
the rotor in"®8¥5%4 ncludes a 20 nagnetic material and iron PegKisoslnsos"
sinplicity, the rotor nagnet 35 is shown as a unitary material in the-
drawi ngs. The back iron is also nolded into the hub cavity at the tinme the
hub is formed. The stator, 22 which will be described in further detail 25
bel ow, is substantially encapsulated in a thernoplastic material. The
encapsul ating material also fornms legs 36 projecting axially of the stator
22. The legs 36 each have a catch 38 forned at the distal end of the |eg.
A printed circuit board generally indicategd 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 encapsGbatésp M@ t her d+7, t enbes . 7541 8
PCTI USOO 08?’:@: ,,_clgf $§ s dis ex§§d) bet ween tﬁ \éfaegs %6 B IR RAt B
22. In the dsse néb Uh R 0% REYEER L devse ofs tihe idraigws. proximity to

the rotor magnet 35 for use in detecting rotor position to control the

operation ofpdthe 18 Ofasd, I ) a_central |ocator
menber general I'y 1 ndicafed at : ¢ i ch t he,
| ocator nember | SEHRFERE mRYE tlsedfrhmgiﬂovutasel \ami t:.h’aegra&ttﬁ.rcLﬂfa&f tto321=~1 s.

t hroughS thea samicH 2% felledmUY it 38 g QL t he st r to f m a
subassenbly %P_qyor 24 i.s held on the. sfg%%%'f%%d TE %EEQﬂq
att ached t o TRETIEE Britf 1% RESSES igveat fon ﬁ@ClMdggrae@tEmmaugn t ke

stator. TheZ®6@H ¢ 261d rclhotesing @6 (The @e’f@@!‘eﬁ‘éet RbferaRak el si2f 4 A
annul ar rl”t@%ifT@%EﬁQQK§§g%%e%QQI§GQU|%% 1 lustrated 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. The 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 thermoplastlc
material. The encapsulating material also forms legs 136
pProjecting 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



~generally define a shroud around the fan bl ades 30 when-t dPips 10 is
assenbl ed. The cup 54, spokes 56 and annular rim 58 aﬁg }%ﬁ% as gne
piece fromavwaghysmsi ¢ material in the illustrated enbodi ment. The cup 54
is substantially closed on the left end (as shown in Figs. 1 BAdUSHN08A3EL
open on the right end so that the cup can receive a., portion of the 20
stator/rotor subassenbly. The annular rim 58 has openings 60 for receiving
fasteners through the rimto nount the notor in a desired |ocation, such
as in arefrigerated case (not shown). The interior of the cup 54 is
formed wth guide channels 62 (Fig. 5) which receive respective |legs 36. A
25 shoul der 64 is formed in each guide channel 62 near the closed end of

t he cup 54 which engages the catch 38 on adeg to connect the leg to the
cup (see Figs. 3 and 16). The diameter 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

assenbl ed ntigicuity hogrdlid dhiepoatches R an dHhe | gerse Gélh? S&?All(%%
openings 62 nt 0 f cup, 54 .(Fi g. permt a to0 t
h ? A0 e %%%eﬁ%ge%uﬁnto?%rpﬁ&’t t'fé"(q é%slls@%ﬁfc%f% the Bhotlaee s

shown) to be inserted into t

64 for rel eBSINGMHY EGnikset Fofost melyaet? 3Sefeanhare 2003MR D9 B 5k

PCT/ US00/ 0803& igtianhotbr ebekrosu S f.rom cup. Thus, it Ts possible
to nondi;strggtsi:vglrl% di sasselr;gliele?%e%%{rértlf& tgr%rheepﬂortod:r' rE Mt HrRatidn
(e.qg., such®aShy FaBr&Ei g PRETALI APEatos Memberh gemersd)ly Theilimitaid ey
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10 clip 52 attached to the free end 6f 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



- may be cl eaned out by spraying water into the case. \Water be
sprayed onto the notor 10 from above and to the right 1?@%#1%9%%1%0@% n the
orientation shown in Fig. 3, and potentially nmay enter the notor wherever
there is an SRMHELS or joint in the construction of the nmotrfrushiesoss
encapsul ation of the stator 22 provides protection, but it is desirable to
limt the anount of water which enters the notor. One possible site for
entry of what is at the junction of the hub .28 of the rotor and the
stator 22. An enlarged fragnentary 20 view of this junction is shown in
Fig. 12. The thernoplastic material encapsulating the stator is forned at
this junction to create a tortuous path 68. Mreover, a skirt 70 is forned
whi ch extends radially outwardly fromthe gtator. An outer ~edge 72 of the
skirt 70 is beveled so that water directed”from25 the right is deflected
away fromthe junction. The openings 66 which permt the connection of the
stator/rotor subassenbly to be released are potentially susceptible to
entry of wa j . |t Lot ere. WM th the .operati of
the oiroul t boar g Fo4pE SEPsPiekaLl siBY, ch BLET Onhse i g Bhesible
conponent s %2, neRdestpyssival eddisapeembée thef monpmoilst doe. rdpadvedy it is
still undestecbheid@rasibst aatgal %&ﬁragob?ni'éblﬁggnﬁuEh ﬁ‘i‘i%%”gly’ the
openi ngs 66_are confiqu qg toTnhibit entry” of water™ Referring nowto
Flg. 15, a GrEStTs RIS gt vi chie meEBF chBE B20BSREEEBISELY S4mply
PCTI USGQ/ 0808Bnoér wivey ofhe hbegpedé nist 66t hBovapass aghakly caebesnggdoenfha
and a “mﬁéﬁéﬂbééggﬁ edge 66b. These edges lie in a plane Pi  which has an
angle to a plane generdlly parallel to the |longitudinal axis of the
rotor shaft of &£ng Rplipatiomsios vhich bkt imeedrt hat ofathe i3leptayedd
onto the noirewmd gl mies er .t 4 y ol be_seen
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that the water has no direct path to enter e openin
€vaporator Ian in a refrigerated 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



. travels in a path making an angle of 45 or less will ei [ t he
side of the cup 54, or pass over the opening, but 10 &?I pﬁgﬁﬁ%%@é? t he

openi ng. . Th&wauss7s4 of the housing 26 is also constructed to__jnhibit

motor failures which can-be caused by the formation of ice wiFR{UPO¥RRO3%up
when the notor 10 is used in a refrigerated environnent. More
particularly, the printed circuit board 40 15 has power contacts 74 nounted
on and projecting outwardly from the circuit board (Fig. 4). These
contacts are aligned with an inner end of a plug receptacle 76 which is
formed in the cup 54. Referring to Fig. 14, the receptacle 76 receives a
plug 78 connected to an el ectrical power source renote from20 the notor.
External controls (not shown) are also conmected to the printed circuit
board 40 through-the plug 78. The receptacle 76 and the plug 78 have
correspondi ng, rectangular cross sections so that when the plug is
inserted, it substantially closes the plug receptacle. 25 When the plug 78

is fully inoéroee ioft cHheomEnihgy eoepRGlE a7@,a&ir5§]13§v&[)tﬁclo(r;eﬁﬂagfft %ﬁiag{]qiy

the printedsChhguyi 40 are received in the g,
The plug recept ac é}};gfi‘{nge% o e ht BEdgfsarl ig i1 malaged)P1 whi ch

engag;a tlhe Hzggh79a&n:; iatft?lq@m@ ce i lnref Hznfg%rnte}r%fll(i’{ p%@-all!l%tlpl TN pt t he
receptacle.1 achasHkl, SRAC romthne printed circu
board 40 evgﬁbaheﬁﬁht isafuﬁléfu?ﬁégﬁ%gﬁﬁ %%F%g ﬁFﬁétr La@POUEG 45°8 t he
pr ef er Fed i BNt VERe t8FECWRG S%s isbspraged omtlesheHewa\ear ati o S
bel i eved t hangaespichoggekagkeut L@n0asiench ul k,17 Septenber 2003

5 Prudtoth PRL BRipRER: FB2parfra

10,207 7o ydds ECLLIOL 03038 LT o0t U T Kot TR HOTRE 1 Fevbar el
is ‘nade. THe2¥Spdstd poparbnmabinghenpangleCeopt 8P SoZ4; e uhi 11 aL g, fJade of
met al , tendstilke §H@J§§Eet8ft9ﬁefBﬁgagh?nogfpégg over the opening, but

10 will not enter the opening. ’

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

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

7 Plug 78 connected to an electrical power source remote from

20 the motor. - External controls (not shown) are also corinected
to the printed 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 partially. The
plug receptacle 76 is formed with tabs 80 (near its inner endf
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. In the preferred
embodiment, the spacing .is about 0.2 inches. However, it is
believed that a spacing of about 0.05 inches would work



.5 when the notor 10 is used in certain refrigeration | ronmen
However, because the plug 78 and circuit board 40 arquE%?gﬁaﬁ?%®03

formation of ice does not build pressure- between the plug and the circuit
board whi ch WAPUBtsh the plug further away from the circui tcramogosgss
causing electrical 10 disconnection. Ice may and will still formon the
exposed power contacts 74, but this will not cause di sconnection, or
darmage 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 progranmm ng the 15 notor 10. These contacts 82 are aligned with a
tubul ar port 84 formed in the cup 54 which is normally closed by a .stop 86
renovably received in the port. Wien the stop 86 is renoved the port can
receive a probe 88 into connection with thel contacts 82 on the circuit
board 40. The probe 88 is 20 connected to a m croprocessor or the like (not
shown) for programmng or, inportantly, re-programm ng the operation of
the notor afgf enbl ed. For instance, the speed of the

' S
mot or can b&SC H‘gr%&’for& ﬁheﬁg’@w&fh&ﬁa&d%’@ theRasid darrarentianef, the
Anot her exatmhven notﬂtacdztsnt’?exumfth%p‘lefg 786" At i dihdoridR: R0 L£an be

re-progra r I, such as when demand defrost
is enpl oy d%he prgs%}fgog%fjd#) tr% §%plaéh’§ EHRR B ST 86 YNGR the
motor to be3Fe- é@r@ﬁnﬁ@tﬁdngtaﬁﬁemcftmabu&ssenbhp thfe tfeamaiion afdice
[ nstal Iati ogneh the FBer 10 350luen 38 %%Elta%t 'r%rfr 1% aﬁg” 84 is keyed

so that the ﬁrobe can be inserted in ort As shown
inFig. 5 € 1E89m?§tswanﬁP@§F€Hfa?eéapﬁéugﬁeQ@lmm'6ﬂea@ﬂdglahunhebpamﬁ
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Sept enber 2 00157541 BCL USOO/O8038 tro en th
orPented |nggge¥%%ogég §g§ rSF&t 2reR0 2 pa Nl ot push the

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 caﬁse 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



~to the trough. In this way, it is not possible to inconyegblembez@0ogct the
probe 88 to the progranm ng contacts. |If the probe 88 is not properly
oriented, it will not be received in 5 the port 84. As shown in Fig. 2,

the stator iRgbyelemsp Stator core (or bobbin), generally indﬁ%ﬁ%ﬁﬂaﬁ& %2,
made of a polyneric material and a w nding 94 wound around the Cores0he
winding leads are term nated at a.term nal pocket 96 forned as one 10
piece with the stator core 92 by termnal pins 98 received in the termna
pocket. The termnal pins 98 are attached in a suitable manner, such as by
soldering to the printed circuit board 40. However, it is to be understood
that other ways of naking the electrical connection can be used w t hout
departing 15 fromthe scope of the present invention. It is envisioned

that a plug-in type connection (not shown) 1@ul d be used so that no

sol dering woul d be necessary. The ferromagnetic material for conducting the
magnetic flux in the stator 22 is provided by eight  distinct pole .20

pi eces, generally indicated at 100. Each pole piece has a generally
U-shape and $5R¥SRIiWeea Fhei Brohei imerrientd@0m the rpchpdt Ywopt £61 k eg,d00b

and a connecid nth€rossughecerd ; pol e; pi s. 100..are each preferably
formed by st aog_}?]jén% relgllt)i vel yoﬁ%sn ‘:L%Eghag%dlfa%%a??% a]ﬁ ot & ppetly
steel and 25 FENHE if'® REPRE SRt Forshe djeagwamming arantawt ol & Pitee 100.

The | am nat irorsbenres sies e pogedFeF diansdd | add 6, aNIEY .
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10 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§



.13 PCT/ US00/ 08038 that the radially inner |eg 100a of ole pjece is
received in a central opening 102 of the stator core aﬁgqgﬂi?m?ﬁﬂﬂqgﬁly
outer |l eg 100b extends axially along the outside of the stator core across
a portion of YREVR(HMUi ng. The nmiddle 5 portion of the radial | ycautsweoshsy
facing side of the radially outer |leg 100b, which is. nearest to the rotor
magnet 35 in the assenbled notor, is formed with a notch 100d.
Magnetically, the notch 100d facilitates positive location of the rotor
magnet 3,5 relative to the pole pieces 100 when the notor is 1O stopped.
The pol e pieces could al so be nol ded frommagnetic material w thout
departing fromthe scope of the present invention. In certain, |ow power
~applications, there could be a single polf pi ece stanped from netal (not
shown), but having multiple (e.g., four) %gs defining the pole piece bent
down is to extend axially across the wi nding. The pol e pieces 100 are held
and positioned by the stator core 92 and a central | ocator nenber,

general |y ingjgat at, .104. The radially inner | egs 100a of the pole
pi eces are leé‘gt?ttﬁgene%a%leﬁ ert g@’ﬁ 03 &da Pi@searié t he 20
i nner di anet&cedfvachelstatarmnele @Rnimg NOX AT tdle R cok@2 i ¢
stator core. agal | f e | r. |l egs OOa.,are fornmed fromthe
sanme | anmi natl-iaoMr%;gi\/%ﬁﬁ g‘ﬂ'[gnéalﬁgsetﬁg ltotk?gj eﬁ#%%dg Sgﬁlﬁl Ks 3deh & hsu st siges ofoob,
and are wi déPe SR AR as¥iassoss borttiiom iofnehel edsidifee r atieakdiddiener
edge of 5 25pheidrdide nr tien ft i naghel a_ls.
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recei ved ino% res ecti%® seat .1043 forned at or
accept the Mddfe 156 ti%OP of Hifrd 35 Bepress. toThBes satorl Ovgnate 3&r rian gesk

to positionaskembdlesl mictoas 1@0 foampaMwithcal hyrahoubokhe Magaken agAber
Tt L M TR ARG TR
seat, or thBagBRE gite@€lafd veokat sbebpolkepseats Asoawheaukhe mbBergap
bet weeld t hestagpally eweehohedpidtal @891Eh3198rggn583ded from magnetic
material without departiﬁg from the scoﬁe of the present
invention. In certain, low power applications, there could be
a2 single pole piece stamped from metal (not shown), but having
multiple (e.g., four) legs defining 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 thé 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
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Is asymmetric to facilitate starting the notor. The réizﬁﬁ%m?ﬁf edge of
the inner | eg 100a engages ribs 106 on the inner diameter of the stator

core central W egsmsaing 102. The configuration of the ribs 106]#§Wpest seen
in Figs. 9-11. A pair of ribs (106a, 106b, etc.) is provided L
‘pi ece 100. The differing angulation of the ribs 106 apparent fromFigs. 9
and 10 reflects the "angular offset of the pole pieces 100. The pole

pi eces and central 10 | ocator nenber 104 have been shown in phantomin Fig.
9to illustrate how each pair is associated with a particular pole piece
on one end of the stator core. One of the ribs 106d" is particularly
constructed for |ocation of the unbalancecl.]l ole piece 100", and is
engageabl e with the.side of the inner |eg 100a' rather than its radially
outer edge. Another of the ribs 106d associated with the unbal anced pol e
pi ece has a |esser radial thickness because it engages the radially outer

d f th gid t th | 100a' . Th tral
ovat or menBaPNE6a Bt SoFThEECRe adPaPSYISS54c: (o Sor ddcia bl o s

100. As dls%b§s@th§re fuIIy bel ow, sone of the initial radial thickness
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set of the pole pieces 100 The pole pieces and central
10 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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.Each end of the stator core 92 to fit onto the stator r ]
interfering wwth one of the pole pieces on the opposiﬁ2€§%%m$$9¥gs

apparent that the angular offset is 17 Septenber 2003 WD 00/ 57541 15

PCT/ USOQO' 080380d@es#sim ned by the nunber of pole pieces 100 (i 'ﬂ:TUS%%soss
di vi ded by the nunber of pole pieces), and woul d be different |( a

di ff erent nunber of pole pieces were enployed. The shape of the central

| ocat or nmenber 104 woul d be corresponding 5 changed to accommbdate a

di f ferent nunber of pole pieces 100. As shown in Fig. 8, the central

| ocat or menber 104 is nolded around a netal rotor shaft bearing 110 which
Is self lubricating for the life of the notor 10. The stator core 92,

wi ndi ng 94, pole pieces 100, central Iocatq; menber 104 and 10 bearing 110
are all encapsulated in a thernoplastic mdterial to formthe stator 22.
The ends of the rotor shaft bearing 110 are not covered with the

encapsul ating material so that the rotor shaft 32 may be received through

t he bearing,t nount the rotor 24 on_the stator 22 (see Fig. 3). |5 Method
of Assenblyd?gsfﬂbn%%s%¥i5@%'”?%%eﬁoﬁ§tpaé?iBHESFStE Ocl{dceric3fBfor 10, a
preferred n@ihbde@fbﬁssbmhmwmbgt:oﬁopobe ﬁe?ﬁéhbﬁdandlﬂbhﬂglbé,gibﬁerent
conponent pagt t e e..The_ precise order, o
constructioﬁfoé ?%%%%g%g?t§ﬁ$%%%o?Pc?ﬁ??c%f?cﬁﬁ gﬁﬁei?mﬁﬁPVege uhBer sP3BE
that sone offafhefentmalbakecatry membendbO4 wewbdebkocatirespoaddnghi pped
to thesfinathasgedbty asddinoddtee It bse f QL by £pLagLNg; et
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shaft 32 satdandtheyerale felat sscafel yeorindel hobuvhidAeiBoysi g 26 is al so
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securing Wwinding 94, pole pieces 100, central 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



.thé printed circuit board 40, as will be descri bed. Th%Y%ﬁse%%@%éBO&'rcu't
board 40 is formed in a conventional manner by connection -
conponents 42 to the board. In the preferred enbodi nent, the programi ng i

[ he circuyj oard 40,
82 a&v0a/47841 power contacts 74 are shot into t I GP
(r:gtmhfaur:t i? Sept enber 2803 WO 00/ 57541 16 PCTI USOQ 08038 t han bX’uh Stiytsmeed

by sol dering (Fia. 8. e fBIl device u6 s rounted on the finger 24
ext endi ng frﬁn]tPetg?agg?Eglugegcs;veralyconponent parts which are 5
forred prior o a'stator asserbly “The central fovator member 104 1s
L?rrﬁg Egar?LglQ%Oagfg??uggeffgﬁ:{ﬂg.n?bcg?gf n%ﬁber 104. The bearingflgge
is then inpregnated with Iubg;c?gﬁ EgLL:ﬁ%ePg ;8|ggztaagemghagtkﬁfhonagnet
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shaft 32. THeCPEPe Pewees 109.ar Bhpobetidngdlso is then impregnated with
lubricant sufficient to last the lifetime of the motor 10.
10 The stator core 92 (or bobbin) is molded and wound with magnet
wire and terminated to form the winding 94 on the stator core.
The pole pieces 100 are formed by stamping multiple, thin,
generally U-shaped laminations from a web of steel. The
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 (ndt 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
pPortions of the inner legs 100a of the pole pieces are
received in respective seats 104a formed on one end of the
central locator member 104. The wound stator core 92 is set

into the fixture generally on top of the pole pieces



,Ehat t hey open upwardly. The central |ocator nenber 10 d, bearing 110
are placed in the fixture in a required orientation aﬁa%%§¥%ﬁﬁ?ﬁ%9Bgugh t he
central opening 102 of the 30 stator core 92. The radially inner edges of

the mddl e pgplghangiof the inner | egs 100a of the pole piece
received in respective seats 104a fornmed on one end of the ceﬁ?ﬁgwa@ﬂgﬁtor

menber 104. The wound stator core 92 is set into the fixture generally on
top of the pole pieces 17 Septenber 2003 WD 00/ 57541 PCT/ USOQ 08038 17
previously placed in the fixture. The other four pole pieces 100 are
placed in the fixture above the stator core 92, but in the sane angul ar
position they will assune relative to the stator core when assenbly is
conpl ete. The pol e pieces 100 5 above the stator core 92 open downwardly
and are positioned at |ocations which are 450 offset fromthe positions of
the pole pieces at the bottomof the fixture. The press fixture is closed
and activated to push the pole pieces 100 onto the stator core 92. The
radially inner 10 edges of the inner |egs 100a of the pole pieces 100
engage t hei rP¥e¥peusiveprlecads in0theofikhureent The bohatofouenpsie plbees
seat 104a se t r a6l pasi tik,an pLege [ ngages. _The
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100 and “st at 37° Lor 22825t 2hSEd By nRAUPRRT uRPFEWREELY a#Re s2 57 POBEEHRRBdansd
by the innerlé¢egysidtgawbhehr ang o567 shfsewnfftdm e EéeidMndiof Nene IpdBe
106 engaged I i h ' tion occurs as the pole

pi eces 100 é?%e%€$ng9pg§§egségﬁ%ogfhgﬁgﬁgéggug%ie 92. Thus, the tol erances
of the stator cofecRraFs EdnprEeely ¢komoddatd onctitcatediwd moshttbai ng

of the pol pglecpsecdserpadonto! ERALEOIOF tOFePPL e PIECESad D1y 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



- 25 nust be closely controlled so as to keep the air ga tyween pol e
pi eces and the rotor magnet 35 as small as possible mﬁiﬁ%ﬁ$§WE§ﬁ§ﬁ5ca|

interference of the stator 22 and rotor 24. The assenbl ed stator core 92,

pol e pi eces YoDo/gzeé4tt ral | ocat or nenber 104 and bearing 110 ed in
a nold and 30 substantially encapsulated in a suitable fire ?’gcgfi/lg%@ﬁgms
thernopl astic. I n sone applications, the nold material may not have to be
fire resistant. The ends of the bearing 110 are covered in the nolding
process and renmain free of the encapsulating material. The term nal pins
98 for making 17 Septenber 2003 WD 00/ 57541 18 PCT/ USO0/ 08038 el ectrica
connection with the winding 94 are also not conpletely covered by the
encapsul ating naterial (see Fig. 4). The skirt 70 and | egs. 36 are forned
out -of the sanme material which encapsul atl&s the renmai nder of the stator.
The legs 36 5 are preferably relatively long, constituting approximtely
one third of the length of the finished, encapsul ated stator. Their
length permits the legs 36 to be nmade thicker for a nore robust
constructioﬁ?eﬁh¥¥@abe¢ﬂnn@¢t@pmrmimkceheawynEEﬁglbenbrebgughn%cﬁeeded for
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sane di rect 1S3 X t;h'éO@rgcg Ja%pr%ﬁmzrg foremedacor 22 thebeaime marantiaul ar
mde. 11 I$§ﬁjﬁﬁ?Z§;§$%$ S T eEtor e BhE 4%, &
t hese take the Formo oc WY (I orfePB$ t WRREATEr PPEDXhe tedyniars
pins 98, arféhiud obities slengtipast ahhl.ﬁz(mhe/dpn@neépmnghethégew@. . The
STSCEeT) o SRR AR MR 0 h B R e e
rotor shaf tF3Sh FRISFURMIPNR .t While et Enihafthéeneotssashatbsin ibhe
hub 28. 1Tuhddﬂiﬂ§ needed for snap connection to the housing 26. 1In

10 | addition to the legs 36 and skirt 70, two poéitioning tangs
114 are formed which project axially in the same direction és
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



,Masher 120 has a rubber-type material on one side capa 0 ab I ng
vibrations, and a low friction material on the other 35%4%" e&?lgbgtate a

sliding engagenent with the stator 22. 25 The low friction material side of
the washer 130obaswms: axially outwardly toward the open end ofpdiAgsohiihz£8:
The stator 22 is then dropped into the hub 28, with the rotor shaft 33
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 rotate freely wth respect to the
bearing. Another thrust washer 122 is placed on the free end of the
bearing 110 and the E clip 52 is shaped onto the end of the rotor shaft 32
so that the shaft 17 Septenber 2003 WO 00/ 57541 PCT/ USOQ 08038 19 cannot
pass back through the bearing. Thus, the rggor 24 is securely nmounted on
the stator 22. The printed circuit board 40 is secured to the stator/rotor
subassenbly. The assenbly of the printed circuit 5 board 40 is illustrated
in Fig. 4, except that the rotor 24 has been renoved for clarity of
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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
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' 8 to the board 40 is the only fixed connection ofi7tdigteRbd Hop
Ezpiu?t board to the stator 22. The stator/rotor subassenbly and the

[ [ ' d 40 are then connected to the housing 26 to conplete
FLlent Sg g!s;glr%{)yw%%g{ he motor. The legs 36 are aligned with Le&pﬂvmmg)gosf%
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114. The 30 stator/rotor subassenbly is pushed into the cup_F4. t e free
ends of the legs 36 are beveled on their outer ends to faci |t? e 3 ené
the legs into the cup 54. The cup tapers slightly toward its close
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the legs 36 are deflected radially inwardly fromt A
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P 54. The motor 10
10 is now fully assembled, without the use of any fasteners, by
snap together construction.

The printed circuit board 40 is secured in place by an
interference fit with the ribs 112 in the cup 54. As the
stator/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 material so 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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_create the interference fit. In this way the printed ch%ﬁgj .bo§r8340 S
secured in place without the use of any fasteners. 20 P r&p
orientation of the printed circuit board 40 is set by its connection to

the term nal wones381 fromthe stator 22. The progranm ng cong,@fh}'goggagg)ﬁ[e
thus aligned with the port 84 and the power contacts 74 are aligned wth
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 wi thout any
interference fit with the cup 54. For instance, a post (not shown) forned
on the stator 22 may extend through the circuit board and receive a push
nut thereon against the circuit board to fix the circuit board on the
stator. 30 In the preferred enbodi nent, the notor 10 has not been
progranmed or tested prior to the final as$énbly of the notor. Follow ng
assenbly, a ganged connector (not shown, but essentially a probe 88 and a
power plug 78) is connected to the printed circuit board 44 through the
port and plu 17-Se€%en?§r 2003 WD 00/ 57541 PCT/ US00/ 08038 21 receptacle
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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 plug
is spaced from the printed circuit board. As a result, the
power contacts 74 are inserted far enough into the plug 78 to
make electrical connection, but are not fully received in the
Plug. Therefore, although ice can form on the power contacts



- the port. The notor can be re-programed as needed to (a&RERsGPog§hanges
made by the end user in operating specifications for the motor. The notor
10 can be ing@dHy such as in a refrigerated 20 case, by inserti ng
fasteners (not sﬁomn) t hrough the openings 60 in the annul ar PETAISEE0893%)
into the case. Thus, the housing 26 is capable of supporting the entire
not or t hrough connection of the annular rim58 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 received in slots on respective sides of a tongue 132
to lock the plug in the plug receptacle #» Prior to engaging the printed
circuit board 40, the plug 78 engages the locating tabs 80 in the plug 30
receptacle 76 so that inits fully inserted position, the plug is spaced -
fromthe printed circuit board. As a result, the power contacts 74 are
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as an FLbrl rgﬁg Qp@ﬁ{ smntches for selectlve yp onnec??n the dc
fgﬁ ult via a power supply cifcuit 503. The

pomerlaource 501 to
power switching c1rcu1t may be any circuit for commutating the

stator 502 such as an H- -bridge 504 having power switches for
selectively connecting the dc power source 501 to the single
phase winding of the stator 502. A permanent magnet rotor S06
is in 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 w1nd1ng 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 thereof to
30 commutate the single phase winding of the stator 503 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



. phase wi nding of the stator 502. A permanent magnet 86 | S A
Ir[:ngnet I C cougl ing relation to the sltoat or and is rotat efﬁ e% %,ml?q@obg
comrut ati on of -the winding and the magnetic field created thereby.
Preferably, tWeow®sér is an inside-out notor in which the st®cardswonsoss
interior to the rotor and the exterior rotor rotates about the interior
stator. However, it is also contenplated that the rotor may be | ocated
within and internal 20 to an external stator. A position sensor such as a
hal | sensor 508 is positioned on the stator 502 for detecting the position
of the rotor 506 relative to the winding and for providing a position
signal via line 510 indicating the detected position of the rotor 25 506.
Ref erence character 512 generally refers to a control <circuit including a
m croprocessor 514 responsive to and recéding the position signal via

i ne 510. The mcroprocessor 514 is connected to the H-bridge 504 for

sel ectively comutating the power switches thereof to 30 comutate the

si ngl e phase winding of the stator. 502 as a function of the position
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m ni mum r equhéedobyagdevbbCEIBPDEEE SPLa S14nk 059BCHRLSs below the preset
10 minimum required 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



: Cptiohally, to save power, the hall sensor 508 may be
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signal in the event that the mcroprocessor is programmed to operate the
rotor such that the stator is coomutated at two or nore 20 di screte speeds.
Alternatively, the notor may be controlled at continuously varying speeds
or torques according to tenperature. For exanple, in place of or in
addition to the hall sensor 508, an optional tenperature sensor 524 may be
provi ded to sense the tenperature of the anbient air about the 25 notor.
This enbodi ment is particularly useful where4he rotor 506 drives a fan

whi ch noves air through a condenser for renoving condenser generated heat
or which noves air through an evaporator for cooling, such as illustrated
in Figures 1 15. 30 In one enbodi nment, the processor interval clock
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t enper at ur e &R o the higher combined temperature (speed is
increased by increasing motor torque, i.e., reducing the power
10 device off time PDOFFTIM; see Fig. 26). Additionally, the
speed the motor could be set for different temperature bands
to give different air flow which would be distinct-constant.
air flows in a given fan static pressure condition. Likewise,
in a condenser application, the 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



~increased by increasing notor torque, i.e., reducing the Vi ce
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could be set for different tenperature bands to give dlfferent air flow
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condition. Likewi se, in a condenser application, the torque required to
run the 15 notor at the desired speed represents the static |oad 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 the condenser air fl ow becones restricted due to dust build up or
debris. Both of these 20 conditions nmay warrant an increased air

flow speed. Simlarly, in evaporator applications, the increased static
pressure could indicate evaporator icing oRS ncreased packing density for-
the itens being cooled. In one of the comercial refrigeration
applications, the 25 evaporator fan pulls the air fromthe air curtain and
fromthe exit air cooling the food. This exhaust of the fan is bl own
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according to the flow diagram therein. 1In partlcular, the
10 flow diagram of 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
(PDOFFTIM=P,,,} for maximum power.



. static load of the notor and changes in static |oad 'overs tine. Lgure 23
i 1lustrates one preferred enbodi nent of the invention :42 Wﬁeﬁq@g}bg

m croprocessor 514 is programmed according to the flow diagramtherein. In -
particul ar, ¥ROV$E4 | ow di agram of Figure 23 illustrates a mpegisgombhizgh
the notor is coomutated at a constant air flow rate corresponding to a
speed and torque which are defined by tables which exclude resonant

poi nts. For exanple, when the rotor is driving a fan for noving air, over
a condenser, the nmotor will 15 have certain speeds at which a resonance

wi || occur causing increased vibration and/or increased audi 0o noi se.
Speeds at which such vibration and/or noise occur are usually the same or
simlar and are predictable, particularly when the notor and its

associ ated fan are manufactured to fairly 2% ose 20 tol erances. Therefore,
the vibration and noise can be' mnimzed by progranmng the

m croprocessor to avoid operating at certain speeds or within certain
ranges of speeds_in which the vibration 'or noise occurs. As illustrated
in Figure 23, tHRE APcPOBPEcE885r 251 8haoBP@FEEEMatacirratks ,f alHeowictdr
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during eactmimimumapower i IeesValp,,,) 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'tb 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 microprocessor proceeds to step
568 and compares the actual PDOFFTIM representing the actual
power level to the maximum PDOFFTIM (P,,) for this I. TIf 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



- Therefore, the flow chart of Fig. 23 is specific to thl§ %Oghers
skilled in the art will recogni ze other 5equival ent techsaeg)
controlling notor power. Aftera delay at step 554 to aIIowthe m)tor to

stabilize, teooyesoprocessor 514 selects a PDOFFTIM for a m E%ﬂ;@ﬁﬁ{
| evel (Pmn) fromthe table which provides 10current control by corre I ng
a mni mum power |evel to the selected-level of variable I. At step 558 the
m croprocessor selects a PDOFFTIM for a maxi num power level (Pm) fromthe
tabl.e which provides current control by correlating a' maxi mum power | evel
to the selected variable level I. 15At step 560, the m croprocessor
conpares the actual PDOFFTIM representing the actual power |evel to the

m ni rum PDOFFTIM (Pmin) for this I.If the agtual PDOFFTIM i s greater than

t he m ni nrum PDOFFTI M PDOFFTI M > Pmin), the™ m croprocessor proceeds to step
562 and conpares the variable level | to a 20maximumvalue n. If | is
greater or equal to n, the m'croprocessor proceeds to step 564 to set |

equal to n. Le thanth i mumvalue for I so the
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Alternatively, the microprocessor 514 may be programmed

10 with an algorithm which defines the variable rate at whlch 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 between 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



- 27 1 so the mcroprocessor 514 proceeds to step 574 to r e | y one
step. If the actugl PDOFFTIMis | ess than or equal to Jﬁg%qgﬁﬁﬁﬁ%pgnd S
greater than or equal to the maximumso that 5 the answer to both steps
560 and 568 iwonwms7s4he notor is operating at the speed and power needed to
provide the desired air flow so the m croprocessor returns tJT§W$w0@§ESto
maintain 1its operation. Alternatively, the m croprocessor 514 nay be
programmed 10 with an al gorithm which defines the variable rate at which
the switches are commutated. This variable rate may vary continuously
between a preset range of at least a mninmum speed S, 1, and not nore than
a maxi num speed S except that a predefined range of speeds Si +/- S2 is
excluded fromthe 15 preset range. As a result, for speeds between Si - S2
and .S1, the mcroprocessor operates the npgor at Si -- S2 and for speeds
between S1 and S1 + S2, the m croprocessor operates the notor at speeds
S.1+ S2. Figure 22 is a schematic diagram of the H-bridge 504 20 which
constitutes the Dower switching circuit having power swtches according to
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of tf S
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voltage is provi 488 $i#gier Mhrse0@indingpot shist ehes ol sand hd a2 z;fg{-} put
switch B caepindhad enang kCulkkboly sekgctlyeky gannecting switch and
stator 502 tg gt?Eognd rail 602, AnE gﬁ%%ég éﬁﬁt § 3 IESHoItet &

circuit” by Sel'sctivelPy BoAREEFi AFPENi EWAtch anunetaedr be@eln teanGiaunds
fail 602. 38ndutpetpewerchbufBlyspeeiael! €dabyaflswohch &Eﬂ%ngreceives a
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al ways openswheshsybhglcted between the terminal F and the power supply
10 provided via rail 600. Switch Q4 constitutes a second output
switch connected between terminal F and ground rail 602. As a
result, the microprocessor controls the first input switch Q1
and the second input switch Q2 and the first output switch Q3
and the second 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 04 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
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line 606 insures that swtch @ is open when swtch 4 is closed. The

si ngl e phase_wi nding of the stator 502 has a first termnal F and a second
termnal S.. W,@“%"F‘gsm t, switch QL 5 constitutes a first inpwCTassob/osv3s
connected between termnal S and the power supply provided via rail 600.
Switch @B constitutes a first output switch connected between termnal S
and the ground rail 602. Switch 2 constitutes a second input swtch
connected between the termnal F and the power supply 10 provided via rai
600. Switch Q4 constitutes a second output sw tch connected between
termnal F and ground rail 602. As a result, the m croprocessor controls
the first input switch QL and the second s&put switch Q2 and the first
output switch @ and the second output switch Q4 such that the current

t hrough 15 the notion is provided during the first 90 of the comutation
period illustrated in Figure 27. The first 90 is significant because of
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chart iIIustratigg Ehe §gani up ngde mkth a current maxi numdeterm ned b
the setting of gure illusCrates the microprocessor outputs (BQ5 an
10 BQ8) that control the motor when the strobed hall effect
output (HS3) changes state. In this exémple, 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 BQ8 begins to pulse
width modulate (during PWMTIM) . '
Figure 24 illustrates ariother 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), A is 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



. PDOFFTI M versus the notor speed. In this node, the power gw ce&ogée pul se
w dt h nodul ated by software in a continuous nbde to get7 %er'i) tarted.
The present §ffgdss@,090ri thm 17 Sept enber 2003 WO 00/ 57541 29 PCTI USOQO' 08038 °
stays in the start rmde ei ght comrut ati ons and t hen goes i nt o PCTRE0RLSIS
node. A simlar algorithmcould approxi mate constant acceleration by

sel ecting the correct settings for PDOFFTIM versus speed. At step 650, the
value HALLIN is a constant 5 defining the starting value of the Hall device
readi ng. When the actual Hall device reading (HALLOLD) changes at step
652, HALLIN is set to equal HALLOLD at step 654 and the PDOFFTIMi s
changed at step 656 depending on the RPMs. Figure 25 illustrates the

m croprocessor outputs (B and 10 B@) that control the notor when the
strobed hall effect output (HS3) changes State. In this exanple, B is
being pulse width nodul ated while HS3 is 0-. Wien HS3 (strobed) changes
toal, thereis afinite period of tine (LATENCY) for the m croprocessor

to recognlzmlhh@uﬁag@ t h lch S |n the of f state so
that BGB beg 3 Lh" ulqsde&C a\(jcm %t%qrmcﬁjl A e ?WE?L?% %ﬁ/rﬁ it iplied
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mi cropr ocessor -5 oATFSI tﬁ‘e AR\ s QPlQﬁ mrthdtapembtthmput
switch3is vptaroisotfaniidnga ni ni mum period of time (PDOFFTIM during each
pul se wi dth nodupat r Qver, tenperature protectlon S

provi ded wit houthgu%?gﬁtg%?gggfiwg %bé&rte &1 yReRoter dnglyvdesper tederay
be a functiBh*Eritheldpéed §ﬁ1?ﬁ§1W@ﬂwrraHQMHmmg mhermhegag&abgggor when

protection aquslaagdedf%héoybwe‘iu%hﬁﬁlﬁ_,?zur 2 g%a%flttlﬁgs 3285‘ E&H{j’?"eét er

fﬁ;;egt OVelrd b lBerhSnel LHSLLALTY | to above a predetermined threshold.
1 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.



m nimum value (i.e., if A< 1.65), Ais set to 165 and | | g4bNg 1S
bypassed and not required; if the speed is |less than {?Sﬁgﬁﬁg?mﬁ%@ba

mninumvalue (i.e., if Az 165), the routine of Fig. 24 ensures that the
switches are YPP¥FBAl a i ni mum period of time to limt curremcrishiisms a
variable and is calculated by an equation that represents a PDOFFTIM 17
Sept enber 2003 WO 00/ 57541 30 PCTI USO0/ 08038 m ni mum val ue at a given speed
(speed is a constant nultiplied by 1/ TINPS, where TINPS is the notor
pericod). Then, if PDOFFTIMis < A, PDOFFTIMis set to A so that the notor
current is kept to a maxi num desired value at the speed the 5 notor is
running. As illustrated in Figure 18, the notor includes a reset circuit
512 for selectively resetting the m croprogessor when a voltage of the
power supply vdd transitions frombelow a predeterm ned threshold to above
a predeterm ned threshold. 10 In particular, switch Q disables the

m cr oprocessor via port MCLR/ VPP when the divided voltage between

resi stors R16 an§igRr® Ral Iiélbelmwt&aortﬂﬁetiel@rﬂt@qudh%gb@tg oFhe

m croprocesg9krobsok Lvatgd and reset. when the_voltage returns to be
above the Eregg?e?ngﬁgtki%?géhoﬁ%'?%’%@5V EAusPRGYs i Samode doPus GPése.
Figure 19 ifFo%t FAeeRoshtipnesensed dmbodiedent plowidet HelFeraiktebht w20 OF

the hall sessatr508. thbest tGEOBKEO g e pul e _wi dt h nodul at ed
si gnal ¢GP5 tgbigh.iniern$€52%$lsEpgﬁégg%%hggﬁé?ﬁ gg%sSPP;6§§g§°sﬁU%ECFnQ§0
Fi gure 21 by“i RTBFRPLt BHEPYCCFBLERG S%i eaH dnmpahdspibehdQigandowhage VB2 to

the hall sehemrréD8 vhea btaeuklSde Bobawr81lZdibsa? 568BCUBLIG.di agram of, t
power supplys 5éﬁ£}%i égé ngghi?ugphgesthegVO|tage %?h ggg gﬁe?afg?%ggghe
stator single phase wi ndrng vi4 th bPfge"BBR &HACWAi @R. 25Iabud GRPpLses
various ot et SRfFiemel ieputofiorobelagtihg hbtor speed 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 periéd 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



- bridge 504 and for driving the mcroprocessor 514. In 4 %bé%%éﬁwoéhe
| ower driving voltages including VB2 for providing contro voltages to the

Swi t ches Cﬂ_g%b VDD for driving the m croprocessor, HS2 for driving the
hal | sensor BH8754hnd VSS which is the control circuit refemaTasoyosmsad
not necessarily referenced to the input AC or DC voltage are supplied
fromthe input voltage Vin via a lossless inline series capacitor ClL. 17
Sept enber 2003 WO 00/ 57541 31 PCT/ US00/ 08038 Figure 20 illustrates the

i nputs and out puts of nlcroprocessor 514. In particular, only a single

i nput GP4 fromthe position sensor is used to provide information which
controls the status of control signal B applied to swtch @ 5 to contro
out put switch @B and input switch QL and whjoch controls the status of
control signal BB applied to switch @B to control output switch 4 and

I nput switch Q. Input GP2 is an optional input for selecting notor speed
or other feature or may be connected for receiving a tenperature input .10

conpar at or odPD@FFWhmn1usadednt©0&bhﬂgbl09h&ﬂ&HOEHErBES 9&re§%41ﬂqé%¥e 28
mbodi menf of a run

il lustrates 8o EI% aﬁgart of ong are eré

whi ch the power dedFeedSapSIUghprefP E ﬁtFBPFEﬂl ?%GPHF§hWDd§PE$ﬁb TORQUE
foll owi ng opEFHti @yc.lS paranmeters apply: MOTOR RUN POAER DEVI CE CURRENT
CONTROL *At the end of each comutation, the tinme power devices will be
of f the next time the comutation perlod is calculated. OFFTIM = TI NP/ 2.
(The. commut &EPBRAVSEEEER Silviededtbyo20=ag0pach26tihbed hallhehsimayd,

routine,s thigatsoahsoscahsubated- hﬁieétféﬂétﬁﬁ%}“ ations (1 motor

revolution) -and at the start routine exit, P is calculated: PWITI M =

OFFTIM 4
. 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



-

~ At the beginning of each commtation period, a counter 4 is set
to five to allow for four tinmes the power devices wll fhrned on during
this commutation: PWBUM = PWJTI M PDOFFSUM = PWWWIN1PDCFFTIM TIMER = 0 17
Sept enber 200 03781/ 57541 PCTI USOQ/ 08038 32 (PDOFFTI M i s usepct/ossuzbio!
the amount of current in the notor and is adjusted in the control

al gorithm (SPEED, TORQUE, CFM etc.). *Commutation tinme set to O at each
strobed hall change, 5 HALLOLD is the saved hall strobe value. During
notor run, the flow chart of Fig. 28 is executed during each conmutation
period. In particular at step 702, the conmmutation tine is first checked
to see if the notor has been in this notor position for too |long a period
of time, in this 10 case 32n. If it has, ? | ocked rotor is: indicated and
the programgoes to the | ocked rotor rout?ne at step 704. O herw se, the
program checks to see if the commutation tine is greater then OFFTIM at
step 706; if it is, the comutation period is greater than 90 el ectri cal
degrees and, the programis branches to step 708 which turns the | ower power
devi ces of 1EntEiEdsat heteBufthe dfoxg H RPUNES DX h@%%‘%’a‘?‘i‘o?neﬂ-ﬁé
i's conparedcat iS¢ epmplemént SYWEIL d ffastidr I;&cdrﬂ@éscbi‘lan IFMBEUM pumes per
commut ati on tlrge EIlS checkedoéltaste é e%ﬁ see if | ess_or ‘?}\L}J\?| to
PDOFFSUM wher B § 27 i Prhec? 4 SForlovet PR AR R E8 2 Phe
routine brantdles (&) sauep ﬁﬂ@fqzrzred sﬁcm) fElst 615 ppesyes$ors t he ot her case
wher e the conmut t R MBELMV At 1
PV\MSUMtSand PDCJ:F%ILLJJi iﬁ@ Wéﬁgdﬁiﬁ t?f)lsfﬂlﬁ tloﬂb{epar e for thg“r")ﬁgext%7

pul se wi dt I"FIQSt%dJcFP‘-'é]‘E?@)rF?)%‘?IF KPS farSmR o 0 1 CRANFHY COUMT Bower | f

A is equal powgerdevicss edrd Murid® gt oM 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.



-nodul ations (4 pulses) for this conmmutation period. ar %@a.l d the
program branches to step 708 to turn the |ower power glgvslc es g'%?oggd exit

this routine. If Ais not 30 equal to zero, COUNTS (which is a variable
defining the nunber of PWWs per commutation) 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/ US00/ 08038 i s exi ted at step 716. More PWM counts
per commutation period can be inpl eman%fd with a faster processor. Four.
(4) PWs per conmutation period are preferred for slower processors
whereas eight (8) are preferred for faster processors. 5 The timng

di agram f or this Is illustrated in Figure 27. In the |locked rotor routine
of ‘step 70ga Whg ghower power devices are turned off for 1.8 '
seconds after normal start attenpt is tried. In view of the above;

it will be seen that the several 10 objects of the invention are ach| eved
and ot her advarkt.ageoumethed wf ssaentiling. an dbeotafic uBHLoRABEREr LAL

made in thga s Ggstructions w thout departing fromthe scope o the

i nvention, 1t | |r1tended that all, matter contained in the 15 above
description or fi%mﬁ*gl f PR AORIANPH R P AR g CRCapnd Bewindingr et ed as
i |'l ust rat iwsirghdmthei atatér mdnefigeteiingfotwifp R et #0835 4nElol-S
CLAIM IS 43 e tfi@dh @heagtgbti ng an el ectriec notor conprising the st eps

of: formng a sf@{aﬁxin% 'd’%‘t‘.@k”g él&&fﬁga GRLge@nd @ Wi nding wound on the
udi or n -

stator core |nc st ap connéctor elenment with the
stator; forningt bﬂgrﬁd%P Lte support and at leasl:

partlal ly enclose the stator and rotor;

wounting the rotor on the stator by inserting the shaft
through the stator to form a stator/rotor subassembly, the .
rotor being 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 form:.ng the housing
1nc1udes forming a second snap connector element with the
housing, and the step of snap comnecting the stator/rotor
subasseubly with the housing comprises the step of
interéngaging the first and second snap connector elementﬂ-



-form ng a housing adapted to support and at | east partw@ejpy B 998- t he
stator and rotor; nounting the rotor on the stator by inserting the shaft
t hrough the stator to forma stator/rotor subassenbly, the. rotor being
nmounted for rotation relative to the stator about a |ongitudinal axis of
the rotor :shaft; -and snap connecting the stator/rotor subassenbly to the
housing; therein the step of formng a first snap connector element
conprises the step of encapsulating.the stator core - and. wi nding with a
thernoplastic material and sinultaneousky formng-legs fromthe materi al,
the |l egs each. projecting axially of the stator and having a catch forned
integrally, at a free end' of the leg. . 2. A nethod of assenbling an

el ectric notor as set forth in claiml1l wherein the step of formng the
housi ng includes fdr Fetyod ofcandewhbing @medeotrit aminr wist Bethe

. housi ng, gagch h_m silariupfl whaPefRNORS L4t IJFE £o1AL RS /tHE Yecondbasgsnbl y

vmththeh S|n RS f_d-nterenga the.first and second
shap conne§ emeg§7§'€<:1 n% fo %&' B3 ‘%f"%ettﬁogagfa Wsenbl i ng an
el ectric rr%'tl'éﬁ §é‘P‘-11F18Ftﬁ°¥ne%¢}a|Qﬁ Ithﬁhéﬁiél:ﬂrtlﬁg%t &a<hi openinmg t he
second snmlﬁ@mmanal enBpéd | fet UtlaSivdng e RV EE BYel Br8aVéndn

.internal aul f a o) of. | e n I ng sized
and shapedéfI éj’%eg €l \q}&ﬁg ‘?ﬁe %:%té}ﬁ Slte%{ fo%'—r gga %(}Hl.e%%g’hr gspg@?i ve one of
the | egs f%ﬁg%mhc&hﬁ PR®INSBf the legs with the housing. 4 . A method of
assenbling an electric notor as set forth in claiml| wherein the step of

formng the first SR etﬁc?&%ﬁftﬂse%lﬁqﬁ tf.ﬁ?%?&%s&% Rtrogg}__daggsé‘fegs on the

stator. 5 .A nethod of asse Sét forth in claim
4 wher ei n_ﬁ%létlé'pc?aﬁl'l“oil rﬁ"?fg"ﬁt% '%’é‘c&ﬁﬁpsﬂﬁpmmﬁiﬁr féF%ﬁe?ﬂaEtorrprl ses
form ng thm:hm:ﬁbmgelemmye:mmrmﬁsemamahﬂgluejs foar thacht.he@ each | eg
being formed with a

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.



- catch engageable with the shoul der upon said step of s kng for
snap connection of the legs to the housing. 6. A net hog%(%epg%g%%@ib?]g an

electric notor as set forth in claim1l 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 nmethod of assenbling an electric notor as set forth in claim
-6 wherein the step of snap connecting tdye stator/rotor subassenbling with
t he housing includes engaging the printed circuit board wth the housing to
forman interference fit of the printed circuit board wth the _
housing',',-',the printed circuit board being free of any other connection
to the housing. 817 Shpwethhed MDEHREHAing antdhskeafi amoesd! hogsap el ectric:
not or as SdEHorthOihhet Bim! Al AT . formng the stator

I ncl udes t?{égﬁh&g o{: rléﬁdi_glifglé&i%ﬁggtt?%gswﬁrgf %gﬁfgs{{’inﬁc%mﬁog'éapﬁ:eces made of
f err omagne 8r by FE8R,A% Faddadlyetosating plyrpddfiatingt oake t he
stator cor Piecem wadentf dermwongunetibbnbesrizc aielabliei Boaa CoQi¢R1 Openi ng
of the stallehgeh@inal adiid Jokflkd obf SoRt La Jenber and
the stator 'eﬁ‘gé -]pei ng,a}zilr%gn ulgﬁ%rx_gteﬁgogt%‘%%ra corean%?ié'?lg%# Oia‘?ﬁall c"gr sai d
step of |oCatr § FESPE tffod GPnhEal et cbhetsatomignrears. set
forth in craf#md spkemincesnof thepceftiak didcagorhaegbir MmEadh StAFBL SEs

forcing potereibehsy ivdien Bp BPNERA! sORVY WrkNmiter PAL S iSLVP R 1INE
central Io’%é%ﬁro eartiand the stator core, the pole pieceshearing the
material o stat or-tore as .they are forced into the space between the

central locator menber and the stator core. 10. A nethod of assenbling an
electric motor @s. sel metBblhof Nasdanipihd Bat BEECCHP otdld J20lding a rotor
shaf t forth in claim 8 wherein the step of locating t:h'¢=_l poie piéces

comprises fprcing pole pieces into the central opening in a

space between the central locator member 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



~bearing into the central |ocator menber. 11- A nethod qf Rpasnid iagsan
electric notor as set forth in claiml conprising, followng the step of
snap connecting the stator/rotor subassenbly to the housing., the steps
of inserting a probe through a port fornmed in the housing, engaging

el ectrical contacts on a printed circuit board within the housing with the
probe, and programm ng the printed circuit board through the probe. 12. A
met hod of assenbli-ng an . electric notor as set forth in claim1 conprising,
foll owi ng the step of snap connecting the stator/rotor subassenbly. to the
housi ng, the. steps of inserting a probe through a port formed in the 17
Sept enber 2003 37 housi ng, engagi ng el ectrical contacts on a printed
circuit board within the housing with the probe, and perfornm ng an

el ECL{) : cal hmﬁlﬁr@) eheagihgr el 860K05al f&rﬁ{\d&t% olnla pi,-anE&h@ﬂrajit

asse i ng 0 H . claim.l copprisin ‘

f ol | owi ng t}'ﬂc;ezi st Sﬁttil?'ﬁs%% ﬁgg%ﬁ% t‘flnthq:n BEePsr s F‘BfloPegg%ﬂE%%W to the
housi ng, t e‘%“t“éﬁélof:e?ﬁs@*t\:% @P%%H@Wu@h%ppgbe formed in the
housi ng, engaging electrical contacts on a printed circuit board within

the housing wtiythegp P AT inted circuit board through
t he probe z%n jb or%1 ﬁQPﬁod 6?%(&“ caglﬁ;gp Q'ie %n?m'f‘%'? Y D t he
probe. 14 "ot f‘ﬁoﬂ Bimas%eﬁ’ﬁb‘m’ﬂgsié?gfelfé’é-thWé“ﬁoFb? skepe@f g h in
clai m 13. fconnketingnphé sstupof Atdtant Bubakeesblp 66 tis qg:smag]g thie
printed ci &Pd; her ect I novi ng the
probe and %ths)%ngfﬁ]gs ortﬁa{(ﬁ#gﬂégttg’%or begs § c"lc’yﬁ'r%]%%tlend tt%(? t he _
housi ng. 18°YANREt AR IDeUTHTALs CRgLagtetam o Bridttng wjrsuitat or
core, a W heang within shatlousiog eitkndhe probe, gnspneandert eheel enent; a

rotor inclgdinfed ShAddit %x\&a@rﬂﬁuﬁhetﬁ&a{a%b&%f&rforr%%' QH of the

rot-or rel af iectéfca&fetesétat H t%%omotor through the probe.

14 . A wethod of assembling an electric motor as set
forth -in claim 13 further cdmp‘rising, 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 housnlg*whereln the first snap connector element of the
.-'stator comprises plural legs pro:ect::mg from the stator,

each leg belng capable of resilient deflectlon



-l ongitudi nal axis of the shaft; a housing adapted to SH?%p#er%%&%ﬁtor and
rotor, the housing having a second snap connector el enent 'forned therein,

the first snap connector el enent being engaged with the *second snap
connector elenent, for connecting the stator and rotor to the housing;
wherein the first snap connector elenent of the stator conprises plural

| egs projecting fromthe stator, each | eg being capable of resilient

defl ection. 17 Septenmber 2003 38 16. An electric notor as set forth- in
claim 16, wherein each leg bas a catch forned at the end thereof. 17 - An
el ectric notor as set forth i.n claim15 erein .the second-snap connector
el ement canprises plural shoulders in the housing, each shoul der engagi ng -
the catch of a respective one of the legs with the leg in aresiliently
def or med positiog for snap | atching engagenent of the legs wth the
housing. i$ - ARbel btelectnist ootas aseset§ Gotth i AbahMel 7,008k 'e%glr-lt he.
rotor conprisesigyliml frdedidFRhafgs floLestion radially outwardry from

t he hub, the hub defining a cavity opéni ng e axial end of the hub
receiving a portion of the stator therein, the rotor shaft being di sposed

\gljﬁner all'y in_g,gtnhm -cannt gledric Abtreal! b6t "BbF¢R ¥ %ﬁfaifuoglk%ﬁ& le_,%ai m 17.
erein thaddsbid § r, recejving a portion of the stator _
therein, the %ﬁp #ncl gl% étﬁe %ﬁ%%&ﬁ"ﬁn nﬁ%‘%f G @lurpdpghouldense | egs,
and openi nd® ittt AU d%%ﬁ%bé@ﬂﬂéﬂeac@%ségxgH.ﬂﬁbeChteb ofids of the |egs
i E t lhg houm;;ziveoznd%m tlegb%/wienlﬁﬁéir_&g tj_lg,eaci\,ggfgﬁe,,fgn t he :
shoul ders igefrbbRe8 Hiod eSS e notor. 20 . _An electric notor
as set fort? 'kln I aéhulfom 10 vvhere?ﬁgpeg%ﬁé%{p%ieﬁﬁ’aﬁﬁmﬁﬁ‘é-ﬂgugl?‘?lgl%‘i’cl udes a
radial |y odt Eﬁﬁ A% radially inner edge lying in a plane nmaking an
angle of at |east about 450 with the |ongitudinal axis of the rotor shaft
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



~thereby-to inhibit entry of water into the housing -thr@@gt iser B8N Ng.
21 An electric notor as set forth- in claim19 wherein th e%musri ng further

conprises plural spokes and an annul ar 17 Septenber 2003 39 rim the spokes
projecting radially fromthe cup to the annular rimand connecting the cup
and annular rim the spokes defining a shroud around the fan bl ades. 22.
An electric notor as set forth in claim2l1 wherein the annular rim has
fastener openings therein adapted to rggeive fasteners for nounting the
motor on a structure. 23.. An electric motor as set forth in claimi15
wherein the stator core and-w nding ate substantially encapsulated in " a

t hernopl asti c encapsul ation material, the first snap connector el enent

bei ng for nedmgs thaespoiees gricF @k ﬂ?ﬁL |.C teriagl encapsul ating
the stator ia@ngifvgrpc?iﬁng 24?ﬁzniglaiect ri ?&tr?g(t Sgga'g&é_}to %&et hinclaim-
23 wherein . the, encapsu ﬁclglgﬁcﬁﬁf‘gr Fae 9 Agdhaanwlan wiwye kbeasbykennul ar
skirt proj SeELRENY & shiqudoaraund| yhé rfan tHimdescapsul ated stator core, the
skirt being in closely spaced relation with the rotor to define an

exterior-rotor/lstat ] Lon, the skirt having a bevel ed edge for
defl ecti ng waté!? 'awaqglrl 'F'lc%%‘:f“ﬁ‘é m?%%t?%r?ﬂ’?hé?é‘ﬁ? 1n ik whergimf wat er

bet ween t hEN? APz Fisy hagr fastenenppendoysi themsior adapsed £€6rth in claim
15 furt herrecsixs ifsist@narsr £oF afbwit iy thBOALE.PAM 20 s2BulLgEL i cal

connection to the winding and being free of "other connectron "to the
stator, the printed_circuit board having an interference fit with the
housi ng and bePdg. PReeleftiiqdrotarymsecset ofiorith tive claimilsg. widteirdn

el ectric riostasoretoterand iwindizignaZa Bhss@ARt 101G BAYSHAG 1Ay it er nal
ribs formgd dheuwdpiadPc e&&%é?ﬁa]t}oge%ggpfarl ,29:?1% first snap
~ connector element being formed 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
aqd 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



- 40 peripheral edges of the printed circuit board to f0r1'?‘$§%}t'éin | ference
fit wth-the circuit board. 27 . An electric notor as set ort?lér:.ﬁr?%glaim15

wherein .the stator further conprises plural distinct pole pieces and a
central |ocator nmenber, the central |ocator nmenber being . received in a
central opening of the stator core and engaging radially inner edges of
the pole pieces to radially position- .the pole pieces. 28 . An electric
motor-as set forth in claim27 wherein the stator core includes ribs
projecting radially inwardly into the ceatral opening of the stator core
and engaging the pole pieces, the pole pieces shearing material from at

| east one of the ribs upon assenbly of the pole pieces and central

| ocat or manggrivxljlth tr&e stator core so that said one rib has a reduced
radi al thi cknosiesd] edggs of thei prighest cdgcuietbdard hed Fortaisayd7? furt her

conpri si ng.i@@ﬁ@é@mfﬁtbe&thﬂ&@&fﬂ‘cﬂﬂwb@ﬂaﬁﬁ?sed in the central
opening of the stator core and receiving the rotor shaft therein, the

central Iocatonzpenb§L biin nol ded around the bearing. 30 . An electric
nmot or as set forth i itcFaPRHILC Pt NRers sehpfosiindmclpinnl®dykér&iit board
ha;/i ng ItOL odi*mnﬁlzltgr _tunpt_memmmgﬁaa_seﬁlhgapmﬂa!n&thﬁogﬁe%%égg of %Qe_
not or, € canthraledoeht §Hi heddQAL | celved I n e, _nhousring an Vi ng
el ectrical jgontacts thereot%? a]‘r,:nd %r ‘eqlgﬁgf?lg lr%‘i?éﬁoﬁgmﬁﬂge’é beirg f or ned
therein anqa%ener 119 2 FPgRiopening eBnkhe tstager thee paidt et} irgui t
board such¥eHipliveinuen asigesaod thecpsbé hhfuddy eagba&b&ﬁp:#o,{iqg*m

1 31. AT el'ectri ¢ notor

connecti onthe goldlgisgdpcessor. 17 September 2003 4
as set forth inclaim30 further conprising a stop rel easably engaged in

the port for clzgsing t he port.
- An electric wotor as set forth in claim 27 wherein

the stator core includes ribs Projecting radially inwvardly
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 motor as set forth in claim 27 further
comprising a rotor shaft bearing generally disposed in the
central opening of the stator core and reéeiviug the rotor

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.



~32. An electric nmotor as set forth in cIa|n115 wher ei n 17tdMterhir2003
conprises-plural distinct pole pieces nounted on the stator core, eac

pol e piece having a generally U-shape and including an inner |eg received
in a central opening of the stator core and an outer | eg 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 therein. 33. An electric notor as set forth in claim15
further conmprising a printed circuit board electrically connected to the
w ndi ng and di sposed generally inh the hqusi-ng, the printed circuit board
havi ng a power contact nounted thereon for 'receiving electrical power for
the wi nding, and wherein the .housing is forned with a plug receptacle for’
receiving a plug .froman external electrical power source into connection

with the pomeBleonBao&leQﬁnacpamenrca@tsﬁﬁ ﬁﬁﬁt&glheeﬁhyﬁqujnf+{@ eP! UG upon
housi ng 1 nc I ng a plug

connecti or rTiQQn§| #%ddp tx‘@:@.egg ¥| (grg&a%a%edt Ax pgﬁePoEBn ariclkeFingt t he

| ocat or f%h |ng the™p
contact isre only partially into the plug upon -connection to the

pl ug.

32. An electric motor as set forth in claim 15 Qherein
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.
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