WD 2008/ 051534PCT/ US2007/ 022474 BRUSHLESS DC MOTOR W TH BEARI NGS

CROSS- REFERENCE TO APPLI CATI ONS [0001] This application clainms the benefit
of U S. Provisional Application Nos. 60/853,778, filed Cctober 24, 2006,
and 60/929,558, filed July 3, 2007; each of which is incorporated herein by

ref erence WAXNBPLSISHM i rety. FIELD OF THE | NVENTI ON [ 000 HCRRES2p1 02247
invention relates to electric notors, and nore particularly to bearing

supported rotors of the electric notor. The present invention also rel ates

to electric notors fex b inh ( devices or flow
generators used for §emﬁp¥§¢¥%w@ﬁbg%§m§ed Br eat hi ng ( SDB)
wi th Non-Invasive Positive Pressure Ventilation (N PPV). BACKGROUND OF THE
| NVENTI ON [ 0003] ' Bearings are usually enployed in pairs and in coaxi al
arrangenents to suppofRGSS-KEHRIENOCEMEAPRLIGCATI®NSr shaft. Ideally, the
two bearings are |located by a stationary nenber that constrains the two

beari ngs | rfect Lal- aliganent. Re i ar.e .l ess than

per f ect a“@,ﬁ i)‘{aher ef%tﬁge(%F?ﬂélg%f)drng:#ng%éhﬁebg??éﬁﬁ\@fég%'13) 5&&%%‘3@%"[‘%%%%}“A wi del y

enpl oyed NearG0riy3 Fus faesOonbendde2006y addEro29¢i5d| filgd Salg!3, DEEM eaf oM t hin a
separate hgugi,ng struct glre,and fitting those housing structures together to
appr oxi mat'&ich it Gspaated ATy SFerencs AhkhENUIYr exanple, Fig. 7 illustrates
a housing H hol ding bearing Bl and a cap C hol ding bearing B2, the cap C
being fitted to the housing Hto support a rotor R between the bearings Bl,
B2. [0005] There are two naiELDAIEE3IBHINYENEIRT nt s on t he packagi ng of
bearings. One constraint relates to the practical limts of manufacturing

G111t ent 138 cknger st R i hEb B dfel G RO R R e 11 v st
const r ai nto, beatithapgbrtddretops efahselecriomopar The present invention also relates to

electric motors for positive airway pressure (PAP) devices or flow generators used for

treatment, e.g., of Sleep Disordered Breathing (SDB) with Non-Invasive Positive

Pressure Ventilation (NIPPV).

BACKGROUND OF THE INVENTION

[0003} [Bearings are usually employed in pairs and in coaxial arrangements to
support a rotating member, e.g., motor shaft. Ideally, the two bearings are located by
a stationary member that constrains the two bearings in perfect axial alignment. Real
world designs are less than perfect and, therefore, compromise bearing performance.
[6004] A widely employed bearing suspension mode involves holding each
bearing within a separate housing structure and fitting those housing structures
together to approximate a coakial bearing arrangement. For example, Fig. 7
illustrates a housing H holding bearing B1 and a cap C holding bearing B2, the cap C
being fitted to the housing H to support a rotor R between the bearings B1, B2.
[0005] There are two main classes of constraints on the packaging of bearings.
One constraint relates to the practical limits of manufacturing f)recision, and another
constraint relates to the need to attach and efficiently package items that must rotate.
{0006] With respect to the first constraint, although the precision of part

forming technologies improves continuously, the state of the art is far from perfect.



- formng technol ogi es i nproves continuously, the state of the art is far
fromperfect. Furthernore, increased precision usually translates to
greater expense, often dissuading a nanufacturer from enbracing the state
of the art processes. [0007] The second constraint is driven by the need to
pl ace it eM 1088@6H5Hs a rotor/stator) between bearing p&CTEIS20pA0Z247€ads to
the use of a two part housing construction. A consequence of nultipart
housings is that they accumul ate unwanted tol erance build-up at each faying

or joint o r{hegﬁgre :L‘ngrgg %11 lpfecesﬁ;[%ul.][\%{éﬂﬁj Ot)[aﬁgl%g Pc%’%rgatgrgegﬁéﬂlg c?fféﬁpenS' on node is

to utilize a single ouse rng parr, and to hang
t he rotordlﬁs"uediﬁhglﬁaanﬂcaurer(fmmd:xh!mmngﬁa&tﬂtmf thé areproceémsesout er rotor desi gn.
For exanpl e Fig. 8 illustrates, a netallic tugéa T hoysi ngwﬁari ngs Bl, B2,

and a rot@POR suppofiesacasy comdraint isdriys bisthe nged foplacsiems 3 &shion to
support %tdrm%rb §étwlzcn BAAWRY Bhirs. TR 18RI theGsd SDEWRY Iﬁ‘t‘t%hﬁné hi gh speed

magnetic rotor from bel ng packaged between the bearings, i.é., an internal
rot or desaayﬁtmdmeuaﬁsc@nmgmwénﬁlltwladélomﬂmo& thaf ﬂhequV@Mﬂtﬁchfb’%’lt@ metal lic

barr.i er V\ﬂo hout . bslh(gnlfg C % 0SS . oft fg#( density and/or increased heat.
© Al'so, t hePETEIPE PRIGER PP fAVRE L IPY 8 Such mess and | ength can be
canti | eveieo]f rom aA fgt widelyeilogaeraiieatpengion mdieiebatitize ssiapledesi gns
tend to be axially short in |length. [0009] Thus, a need has devel oped in the

art for ameibsteRedg hapsedhgysrsng DUpAD ab@éﬂgﬁ*eﬁr%qziffwéw’ferf‘am he
above- ment,hgReG f%lﬁ‘&p@‘ékﬁ onteNYRRYe %ck&%{ﬁ%{??\é:ﬁ@ggﬁ@dsﬁ%&aﬁépem of

the invention relates t6 a rotor supporting s ure to sugpqrt arotor in
use. [00lupAldiohsng bepiegs BbfB2, ked & mﬁ@rﬁ pupported by e bewings BdaBemy ar r angenent
havi ng at

beari ng t‘ffﬂgﬁevfrcfaﬁvﬁ? be%%% %glrt I ﬁergf %%%%r;@gn elrt]%ﬁc tr%ggg?es gbgr br 55% ess
DC not or Mgl Beed magnetic rotor from being packaged between the bearings, i.e., an internal

rotor design, because magnetic fields cannot effectively cross a metallic barrier

without significant loss of flux density and/or increased heat. Also, there are practical

limits to how much mass and length can be cantilevered from a set of high speed

bearings. Therefore, such designs tend to be axially short in length.

[0009] Thus, a need has developed in the art for an improved arrangement that

does not suffer from the above-mentioned drawbacks,

SUMMARY OF THE INVENTION

[0010} [One aspect of the invention relates to a rotor supporting structure to
support a rotor in use. ' .

[0011] Another aspect of the invention relates to a bearing arrangement
having at least two bearing portions supported on a common member, €.g., bearing
tube.

[0012] Another aspect of the invention relates to a brushless DC motor with
bearings retained in a stationary tube having at least a portion that is sufficiently
magnetically transparent to allow a magnetic field to pass through it, e.g., non-
electrically conductive and/or non-magnetic tube. In the context of an embodiment of
the invention, a non-conductive material may be a material with relatively high

resistivity (for example, in the vicinity of 2 micro Ohm-m or more) and a non-
' 2



bearings retained in a stationary tube having at |east a portion that is
sufficiently magnetically transparent to allow a nagnetic field to pass
through it, e.g., non-electrically conductive and/or non-magnetic tube. In
t he context of an enbodi nent of the invention, a non-conductive materi al
may be a M0 Ew$edisidith rel atively high resistivity (foPCEREANTE224{4 t he
vicinity of 2 mcro Ghmm.or nore) and a non- nagnetic material nmay be a
material with relatively |l ow magnetic perneability (for exanple, in the

vicinity of 2 or less). The acceptabl e ranges of these teri.al

char act er P&gieEs "H’Wa\ﬁéﬂﬁ% b¢ ?B}ﬁteé’ﬁgg‘atﬁbe%%g'%‘m@gp%cep eﬁ@%@y é%rlier ally

ther mal | ye,GRptiet in¥ §icidfthbrats esk )l e Gadt phBloTRA @S bf the@ndieriainon- et al | ic or
sem -nmetal lic. [0013] Anot her aspect of the invention relates to a brushless
DC not or ¢hacictedishes may wrpfromecagioigsese. Jhevrhgart ks generafvthsimally pair of

beari ngs to .rqtatabl t . S I 1 t.hat at | east
partly su??ﬂgﬁ%&sc’ ?rﬁe%(r:%t@?%a%%ﬂ Iﬂgtalrlllg%RCEIH%I?O&#'?&%&?@?@@%?&HE' t ube havi ng an
exterior Eo13lace andn@heriasgeer ofahe sveftaaeclhiato dehshies D totve i nterior. The
stator assenmbly is adaSBt ed to ,co(iztrgl m)verrentfé)f .t he rott o‘é]. The st at or
assenbl y MEUEMGATARE NGt PRYAe PPdRT EIOTsHPPEREPBIEHE "¢'EB_ Yand t he

bear i ngs ﬁfﬁgo:@'ﬁ%\ébfé?fh AONBsdritty tHat ANERY patly §idenad the ot aldanigmesupport t he
rotor and gnet within the tube interior. The tube has at |east a portion
that is stbfeotiantht bgarmggniest iaviglap exiedpspaiaemanday ipterionsuafapadaletic field to
pass bet n the. magnet d . t aspect of
the i nve\rll\%‘% S ?gqbgﬂ'ggn?roa[gleB%alt}gﬁfsé%éwﬂﬁg%?égﬁb %%%FOS%?D% gﬁ rdg?ger havi ng a .
magnet , arctdratlThe sRfs asiehiplyeis afiviidd kiong o exadriommuéare of theftulichadrtiot or, and a

- tube provided between the rotor and the %te@t or asserrblg. The tybe has at

| east a perepinghate RERVIded alamerhcinsRor $urteag REF BRI SHRPGH BeFOEEM o al | ow a
nmagneti c {nhgllregv}itﬂingﬂé gjfbgﬁ]tw&[] ThE QR RIN R ANIpdhBn BlaplsQLEREHEND! Y.

[ 0015] Ano aspect e Invention relates to a brushl ess not or

i ncl udi ngmagnesigalbt ranspaewto pldvas atagyetis isbiotrass ssvesadhe maghat andthepear i ngs,
a stator agtsem%tlnx ]surroundi ng the rotor and adapted to control novenent of
the rotor528h#d P?jbe to retain the bearings and rotor within an interior
of the tup@i4iThe t uksothamsgdct bfahs invantparrtiaes td hbushlgssddE friogrent | y
magnetically transparent to allow a magne i bet

, tic,field to pa n the
magnet i ¢ ingRagInEATAIOF Having AMAENS BT FEembly f%ﬁp'l\?fjo‘f’ﬁs?“‘ﬁéﬁ@einelﬁgfhe
i nventi ongLebdt, %ﬁd bR pRAVTASHEHGRn iR roftRARY Bleishgoraseuibpy. YTIR twheé Basur i zed

gas to be provided to a patient for treatnment. The PAP device includes a

housi ng, a least 2pemien thait isguficintly magnefically fransperepiie ajlaya|magnetiahigldy
vi bration

{1 exi bl o YA R Bl AR PR 0L 05’ 3apcry 1. 1620071 022474
[ 0017] Ano[0#e58] aspecAnahertdsgeci oftbatnventiangkiatee &0 4 brushlPsdewvitare f or

ge”er atl nl%ciuding a magnetic rotor rotatably supported between a pair of bearings, a stator
assembly surrounding the rotor and adapted to control movement of the retor, and a
tube to retain the bearings and rotor within an interior of the tube. The tube has at
least a portion that is sufficiently magnetically transparent to allow a magnetic field to
pass between the magnetic rotor and the stator assembly.

[0016] Another aspect of the invention relates to a PAP device for generating
a supply of pressurized gas to be provided to a patient for treatment. The PAP device
includes a housing, a core including a motor and at least one impeller, and a vibration

isolation system to support the core within the housing in a flexible, vibration-isolated

manner.



a supply of pressurized gas to be provided to a patient for treatnent. The
PAP devi ce includes a housing, a core including a notor and at | east one
inpeller, and a vibration isolation systemto support the core within the
housing in a flexible, vibration-isolated manner. The vibration isolation
system i swadeqstostsst 0 be coupled to windings of a statfCHISEMIEAo conduct
current froman external source to the w ndings. [0018] Anot her aspect of
the invention rel ates to a brushless DC notor including a rotor, a stator

assermbly [é(ﬂaé)o undi I h easr 28 OF @ AR RS 1 Qa ?Q@td'c‘?ice PRVRAG AN gOf the

rotor, ort s t0 support the rotor and the stator assenbly in
an Operata's\iﬁplmﬁpkwaﬂzedaghd t@be/prbmatdtmmpa‘i;xohtafbr tmtmyrst dhe BI‘XB\AGH@@I to the
support structure and adapted, to su t he su B sty x\llthl n a

housi ng iinrledes paREHNE: 2 COTERA RYipH2 F?gcré‘fl gt lﬁﬁsﬁﬁ% o168} Aan‘(’)I aglP aspect of
the | nven%ol&ﬂmr g Eé’r{l?é @Bﬁﬁtﬂ@%%tﬁlﬁ'ﬁh%bﬁﬁ@ﬁ é‘ﬂéﬂﬂlcawﬁnh@ﬂi-isolﬁlmel met hod

i ncl udes Tormn aving at least a portion that is Sl%ffl ciently
magnet i cahdnyieit r’ﬁtesapiaamutlsmletxcml sysomas adegiedtio be equpled to 3VipehRas AR ough i t |

providing a %{fg‘ﬁ)} %Scrgg o uqc& Ilnna;[neegc 1ePla1 BRI tgrﬂhé)\g%ntd st ube, and

provi di ngtaTSe eXtertor portion o e tube t.o control
novenent ghigihe MegnetheEashedtQr the[lﬁlﬂ-ﬁﬂdmﬁmmdmem aampsekcss PEC mdter i nventi on

rel ates to a rotor supporting structur |ncI udi l%east one bearing
support posleding2 adel e s@tor 8SssBlGREOUNdIREIE HRYO W@ a%tﬁ R orEnt |y

ragnet | Calic LLARSRARER!  AREbK SRR Lipho oA AR hhEHE Eaks 26rBASS t hr ough

it. [00211']1 aspects, tures, and vantages of this invention wl|
becone apgpas epératiwre(pmlnbe a‘ndlalvqimtrtgl il atéin Se'eremlelé;@‘flfkfﬁ‘ioéli*\e MReR t aken in

conjunction with t n ki, this

di scl osursém%‘HEF%ﬂaB?Pt? I'I“r’u? 5%/% ﬂwoﬁwl ?rcexa I?Fh%sg]r%qﬂgl ples of the

i nvent i on;pBkhERolEAERNRd. ON OF THE DRAW NGS [0022] The accorrpanyl ng
drawi ngs facilitate an under st andi ng he Varlob‘ﬁgﬁr nts of this

i nvent i o001 such ANOHWE Apeet qf@MBTqﬂPBM alpsto g et tumé%tl onal view
of an el ectrig 'E'PJﬁEthb&‘ﬁJcﬂﬁbQﬂmﬂmﬁ%ﬁﬁbé’!&vI@%le&@t@ﬁdﬂhcﬂt}thhﬂs an enbodi ment of

t he present Invent
sufficiently magnetlcally transparent to allow a magnetic field to pass through it,
providing a magnetic rotor to an interior portion of the tube, and providing a stator
assembly to an exterior portion of the tube to control movement of the magnetic rotor.
[6020] Anather aspect of the invention relates to a rotor supporting structure
including at least one bearing support portion adapted to support a bearing and a
sufficiently magnetically transparent portion to allow a magpetic field to pass through
it.
[0021] Other aspects, features, and advantages of this invention will become
apparent from the following detailed description when taken in conjunction with the

accompanying drawings, which are a part of this disclosure and which illustrate, by

way of example, principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{0022} The accompanying drawings facilitate an understanding of the various
embodiments of this invention. In such drawings:
[0023} Fig. 1 is a partial cross-sectional view of an electric motor including a

bearing tube according to an embodiment of the present invention;
4



4 WD 2008/ 051534PCT/ TJS2007/ 022474 [0024]Fig. 2 is a schematic view of a
PAP device including an el ectric notor according to an enbodi nent of the
present invention; [0025]Fig. 3-1 is a perspective view of a rotor, tube,
and stator assenbly for an electric notor according to anot her enbodi nent

of the present invention; [0026]Fig. 3-2 is a cross-sect,| Lew of the
assenbly BP0 X905EBéctric notor shown in Fig. 3-1; [002%13852%1{3/2%‘?’#5 a

perspective, cross-sectional view of a PAP device according to another
enbodi nent of the present invention; [0028]Fig. 4-2 is a top view of the

PAP devi own i i i G 0Q2Q1Fh @A PAteSick SnchRid e elétssnect i onal
vi ew of ﬁﬁ%ﬁgAP de\?llgFggss?'nét\-/hm%mfln |gg]0 EI19 [601(5:30] Fig. éqagfel |ts aoperspect I ve,

Cr 0SS- secktatial tvareembddimeRAP deviscr invention;
[0025] Fig. 3-1 is a perspective view of a rotor, tube, and stator assembly for
an electric motor according to another embodiment of the present invention;
[0026] Fig. 3-2 is a cross-sectional view of the assembly of the electric motor
shown in Fig. 3-1,
{0027] Fig. 4-1 is a perspective, cross-sectional view of a PAP device

according to another embodiment of the present invention;

[0028] Fig. 4-2 is a top view of the PAP device shown in Fig. 4-1;

[0029] Fig. 4-3 is another cross-sectional view of the PAP device shown in
Fig. 4-1;

[.0030] Fig. 5-1 is a perspective, cross-sectional view of a PAP device

according to another embodiment of the present invention;

[0031] Fig. 5-2 is another cross-sectional view of the PAP device shown in
Fig. 5-1;

[0032] Fig. 5-3 is an. enlarged cross-sectional view of a portion of the PAP
device shown in Fig. 5-1;

[0033] Fig. 5-4 is a side view of the PAP device shown in Fig. 5-1;

[0034] Fig. 5-5 is a perspective view of a core of the PAP device shown in
Fig. 5-1;

[0035] Fig. 5-6 is a cross-sectional view of the core shown in Fig. 5-5;
[0036] Fig. 6 is a cross-section view illustrating a method for assembling

bearings according to an embodiment of the present invention;

[0037] Fig. 7 is a schematic view of a prior art bearing suspension mode; and
{0038} Fig. 8 is a cross-sectional view of another prior art bearing suspension
mode.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

[0039] The following description is provided in relation to several
embodiments which may share common characteristics and features. Itis to be

understood that one or more features of any one embodiment may be combinable with
5



according to anot her enbodi nent of the present invention; [0031]Fig. 5-2 is
anot her cross-sectional view of the PAP device shown in Fig. 5-1;

[0032] Fig. 5-3 is an enlarged cross-sectional view of a portion of the PAP
device shown in Fig. 5-1; [0033]Fig. 5-4 is a side view of the PAP device
shown in ioGposaisisse [ 0034] Fig, 5-5 is a perspective vi epcobsmonanesof the
PAP device shown in Fig. 5-1; [0035]Fig. 5-6 is a cross-sectional view of
the core shown in Fig. 5-5; [0036]Fig. 6 is a cross-section view
illustrating a nmethod for assenbling bearings according to an enbodi nent of
t he presemt of meenfeatores of 0B3TeFpybodiments.glnsaddisiont iy siedafeairari or art

bear| ng- suspenshof fnde. .A0d, JQ0SBLEL B bk, ByShgRs@RGkbonal view of

anot her [ﬁo earl I’Slg s"JspenS| on no SCRI PTI ON OF
| LLUSTRATRDoEMRGAR. VENTS
[0040] In this specification, the word “comprising” is to be understood in its

“open’” sense, that is, in-the sense of “including”, and thus not limited to its “closed”
sense, that is the sense of “consisting only of”. A carresponding meaning is to be
attributed to the corresponding words “comprise”, "comprised” and "comprises”
where they appear. |

[0041] The term "air" will be taken to include bre-athable gases, for example
air with supplemental oxygen. It is also acknowledged that the PAP devices

described herein may be designed to pump fluids or gases other than air.

1. Electric Motor

[0042] Fig. 1 illustrates an electric motor or tube motor 10 according to an
embodiment of the present invention. In the illustrated embodiment, the motor 10 is
in the form of a brushless DC motor. The motor 10 includes an optional housing 12, a
rotatable shaft or rotor 14, a permanent magnet 16 mounted on the rotor 14, and a
stator assembly 18 that surrounds the rotor 14 and magnet 16 thereof. The rotor 14 is
rotatably supported by a pair of bearings 20 that are retained or housed by a bearing
tube 22. The bearings 20 may be any suitable type as known in the art, €.g.,
conventional rolling element bearings, fiuid bearings (air or liquid), sleeve bearings,
or other type.

[0043] The optional housing 12 encloses the stator assembly 18, rotor 14,
magnet 16, bearings 20, and bearing tube 22. An end cap 24 is provided to the
housing 12 to allow access to the housing interior and the components enclosed
therein. In addition, the end cap 24 and end wall 26 of the housing each include an
opening 28 to allow respective end portions 30, 32 of the rotor 14 to extend
therethrough. Each end portion 30, 32 is adapted to be coupled to a device, e.g.,
impeiler, to cause spinning movement of the device. However, the motor 10 may be
structured such that only one end portion of the rotor 14 extends from the housing 12.

In use, an electronic controller (typically provided as part of PAP devices or flow

6



[ 0039] The follow ng description is provided in relation to several

enbodi nents which may share common characteristics and features. It is to
be understood that one or nore features of any one enbodi mrent nay be
conbi nable with one or nore features of the other enbodinents. In

addi ti on, waynoosesaggse feature or conbi nati on of featur eBCIAUSHGYOBRT4 he
enbodi nents may constitute additional enbodi nents. [0040]1n this
specification, the word "conprising” is to be understood in its "open"

sense, that is, in:the_sense of "inc|luding” d._thus.n iguted to its
"cl osed" EBFALrS %‘H"Hf‘bq? E‘of“rq%esg&%%ongpls'@?ﬂg%?ﬁﬁa S%Eqr;%ssgﬁbﬁ cor r espondi ng
nmeani Ng i kBl Penrdtd hbRisiedtof @e FR6 1GNE BESRLRNEE dyioke ds impdiepr i se”
"conprised"” and "conprises" where they appear. [0041] The term"air"” wll be
taken to include breathabl e gases, for exanple air wth suppl enental

oxygen. |I{ i I know edged that the PAP devices described herein may
be desi gnL‘clJ ?%%BE%Q?CI ui ds or gases other than air. 1. Electric Mtor

[ 0042] Fi gp00d4]i | | ustinatedHuarteel eentiodineenhottedreaong tibb @2 woprises@ according to an
enbodi ment _of the present invention. In the illustrated enbodi nent, the

mot or 10 TelativelytiHa-Yalpdn SEIORTYy ¥8¢ DC notor. The motor 10 includes an
optional housing 12, a rotatable shaft or -rotor 14, a permanent nagnet 16
nounted on the rotor 14, and a stator assenbly 18 that surrounds the rotor
14 and nabhdt Pib@ettiber eof . The rotor 14 is rotatabiy supported by a pair of
beari ngs hat ar.g retaine Il 1 22. The bearings
20 may beﬁ]gﬁél suita cgeﬁrb%ugﬁé%?\%\%mv%?n a&ﬁg%g&?@ lééggtﬁ{nwggynventi onal rolling
el ement bgagrengsly thAnwpaderh easliows magietic dield tb gussdhrough Beeatbear i ngs, or ot her
type. [0043iThe optional housi n% 12 encl gses t.hed stator assenbly 18, rotor
14, magnetmaimenatuch gmagnstic FARDRRGY MRAY Ry PEYSd Y-ONe 0F TSR ™5, ™ by ovi ded

to the hopstOgaksal oﬁédi&%,@g G6§.8letificiINonuttive dnhdhegtdlQrradsrdnne
conponents encl osed therein.” In addition, the end cap 24 and end wall 26 of
t he housi onosaosgnetic landfer dwrnaplyrsionduciige tuge-aplteiat vy sueh \/BagBlkc porti ons 30,
32 of the rotor 14 to.extend therethr Hﬂn:f [ dig2 1s
adapt ed t BABBAERHp MY PEHTR 2y ycoé‘,% "é?’“g. A ﬁpe%F%rﬁ{m%gﬁ’%tghg%cgg? nni ng
movenent glatheeideddlee. However, the notor 10 may be structured such that

~only one end portion of the rqtor, 14 extends fromthe houysin 2. In use,’
an el ect rmf‘@pcont rBISPRF 2PRliFafins) 1 Jray PR fIsg ey 8‘%?‘56&%&}% eaxjfli ces or flow

gener at or g aYAdd ABloBehit LM sBesMMbvE@Bh ERLGIcOPEEdduaivedmagteicaliat or assenbl y
18 to control spinning novenent of the rotor 14 and hence the de¥| ce, e.g.,
i npel | er . transparent, and thermally conductive) as the tube may simply include one or more 0

these properties and/or a sufficient degree of these properties (e.g., partially

electrically conductive and/or partially heat conductive). In addition, non-conductive

refers to the (non)conduction of electricity, although the tube 22 may be heat

conductive in embodiments, which may be beneficial for warming the air and/or

cooling the blower elements. The tube includes adeqilate "magnetic transparency",

“non-electrical conductivity", and/or "thermal conductivity" to allow sufficient

magnetic flux near the magnet without overheating.

[0047] In the context of an embodiment of the invention, a non-conductive

material is undersiood to be a material with relatively high resistivity (for example, in

the vicinity of 2 micro Qhm-m or more) and a non-magnetic material is understood to

be a material with relatively low magnetic permeability (for example, in the vicinity

of 2 or less). The acceptable ranges of these material characteristics may vary, e.g.,

depending on application.



1.1 Bearing Tube [0044]In the illustrated enbodi nent, the bearing tube 22
conprises a relatively thin-walled, stationary, stable tube. 1.1.1
Properties [0045] The bearing tube 22 has at |east a portion that is
sufficiently magnetically transparent to allow a magnetic field to pass

t hrough iyq 2bdkdfssenbodi ment, such "nagnetic transpar eprcytsaenobedprovi ded
by one or nore the tube's material properties, e.g., non-electrically
conductive, nmagnetically transparent or non-magnetic, and/or thermally
conductive tube. Alternatively, such "nagnetic_transp ren?%:" ma% be

provi ded [B§48hne or Thotube payibsitharmeyconduetiye to iRy Beat deease (a8uMPh gr eat er
detail below ,[0046]]n .s . I ! sl 0 ; @ssaeny for the
tube to HEAF %fl["$ oF W]é?loﬁ‘a} ée)#rﬁlglae ‘gc%dgg’:r%({l@g@h%eincﬂg?%%%' glggsgft?ﬁon; elr)ect rically
conduct i yep49yagnet i additjor tansipansniave differéni srateaial propeofiaulongd as the tube
may sinply include gne or nore of these properties an I fificient

degr ee ofleRgeSECIFHENRIERE 58+ @‘?@?",‘“ 16?5“?3? P%@gwg%?éﬁaﬁn%éﬁd{r%%%ﬁ% ctive-and/ or
partial l y"nBﬁ-@fcct@i@?@Bﬁ&dcﬁ@i}tyﬂ, bt/ @A aonf@tivieandiet isyportiedsasfshd 0 the
(non) conduction of electritcity, althoug be heat conductive

ugh the tube 22 Hgy
i n enboditmenmsy havieiooh omapred thrsp afopertist, brbRtheLRCR NG of HE PG ™&htr cool i ng
the blo enment The tube ingcl A Wideehd haspar ency”,
"non- el \éﬁ{op?‘hal COWW%Y_?'VP&F&%&&}{ %ﬁﬁp?ﬁ%?ﬂém qg%ﬁg@fyi vity" to allow
suf fi ci enfygnpenaticambly, Wheranix dehsticagmete axpediaiio eteghveabiisiyle of 0047] I n the

context of an enbodi nent of the inventi oa, . non-conductive material is
under st ootiatregipe differantPropgrisgicpyd b foleraly pﬁwisaﬁmercggqsg?qy\}] ty (for exanple,
in the vigj, sﬁr&. b &alnfe.  ORIRHR QG andES)s t8B6hsBubafe fibg i diffsrherial is
under st 004t Be a raterral wth relati vely | ow nmagnetic perrr?abl lity (for
exanpl e, élemémethai e fisteyedfogethen, whersin somies thecleamaniiiTe MAgREEE! vi t hese
material characteristi.cs ary,..e.d.., i [ ion. WO
2008/ 051 SHABREFFUCBUFHOEAe B g Siele %%@%%‘%“%ﬁ%él%%rgonduct ive to
al | ow heapofeah@anRy ChRRttVERSorekeaple. drag on notor, inefficient power,
reduced life on bearings, tube distortion, etc.). [0049]1In addition, the
tube may have different material properties along its length or

ci rcunt er enCeyrRris: different levels or regions of "nagnetic

transparency”, "non-el ectrical conductivity", and/or "thernal
conduct i viM0§1]' ThatThesearug wbopd mey be penstrufed peRPrHRGRIG B NS e of t hese

properti egérambllcj:g (e(.)é.,h s%bil?z%ﬁtz%rggnsla)(,)élagsbﬁolgqlﬁ@ﬁ, fimea (Bﬁ'lt non-conductive)

polymers, or reinforced polymers (e.g., Fiberglass, Carbon, Boron, etc.). However,

the tube can also be metallic or semi-metallic. In an embodiment, the tube may

include different materials along its length or circumference.

1.1.3 Shapes
[0052] In the ilustrated embodiment, the tube has a circular cross-sectional

configuration along its length. However, it should be appreciated that the tube may
have other suitable shapes, e.g., circular or round, square, polygonal, conical, etc.
[0053] Also, the tube may include one or more parts (e.g., multi-part
éonstruction), e.g., different elements with different properties that are fastened
together.

[0054] In an embodiment, the tube may be sufficiently perforated (e.g., one or

more holes, openings, and/or slits) to allow a magnetic field to pass through it. In



[ 0050] Magneti c transparency should be greater in the vicinity of the magnet
and stator assembly, where flux densities may be expected to be higher.
Qut side of that region, different properties could be tolerated and in sone
cases may not be necessary. For exanple, it could be advantageous to

construcRWBQQB@ggg4fron1different el enents that are fastposgovegether,
wherein sone of the elenents are nagnetically transparent, in |ocations

where that i.s desirable, and other elenments of the tube are nore thernally
conductive, for exanple. 1.1.2 Materials [0051] The bearing tube 22 nay be
const r uctsach ﬁﬁbmﬁrnemethatdbiemarymraraiyallosi,nde\ﬂgD?“-@léﬁ‘f'ia?ﬁlb’@(‘@%cg."?’ stabilized

zirconia), glass, I filled.(h - j
el nf or cGEBEI LI ETEETh Ehgptiar GRS RR FARENTRIeE ) YIRS o e

pubF gandaifo be netallic or sem-netallic. In an enbodi nent, the tube may
include different materials along its length or circunference. 1.1.3 Shapes
[ 0052] | n thé Gemsatioas ed enbodi ment, the tube has a circul ar P

Cross-s eﬁ@j&%ﬂal copfi egﬁﬂrcrigf}to%l:lm aﬁ%ﬁnél@ RGtfle oM RItion lof feabged d be

appreci a hat the tu ) ave other suitable shapes, e.g., circular or
(r) ggnd, s%@drﬁ:sd?mMgmonstﬁ?miembdiMG.ofF@Og@} Ahebis. hp&bedY may i ncl ude

or more parts (e.g., nulfi-part constructi L&t
W th di { nenel RNt ey BPter et ant b abersFefsgShprstan © o
enbodi meng,,4 he tube may be sufficiently perforated (e.g., one or nore
hol es, openings, and/or slits) to allow a magnetic field to pass through
it. In such enbodinent, the tube may or may not include non-electrically

conducti ve etically transparent, and/or thermally conductive material
propertie%ysggﬁaﬂmCOnbinations Y
[0056] Also, it should be understood that portions of the tube may have one or

more of the features described above, but other portions of the tube may not.

1.1.6 Bearing Support

[0057] As illustrated, the stator assembly 18 is provided to a center portion 40
of the tube 22 along an exterior surface 42 thereof. The bearings 20 are provided to
respective end portions 44, 46 of the tube 22 along an interior surface 48 thereof. The
tube 22 retains the bearings 20 in substantially perfect axial alignment. The bearings
20 support the rotor 14 and magnet 16 within the tube interior. In addition, the
magnet 16 is positioned between the bearings 20 such that the magnet 16 is aligned
with the stator assembly 18.

[0058] The inside diameter of the tube 22 is substantially similar to the outside
diameter of the bearings 20. This allows the bearings 20 to be securely and stably
retained within the tube 22, e.g., by friction fit, adhesive, etc.

[0059] The tube 22 is sufficiently "magnetically transparent” (e.g., non-
magnetic, non-electrically conductive, and/or thermally conductive), which allows the
motor 10 to have a design in which the magnetic rotor 14 is located between the
bearings 20 within the tube 22, as illustrated in Fig. 1. That is, the stator assembly 18
can act on the magnetic rotor 14 positioned within the tube 22 without significant loss
of flux density and/or increased heat, if any. Thus, the tube 22 provides stable

physical properties and is adequate to support the needs of the motor application. It is
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[0055]1t is to be understood that any single feature or conbination of
features descri bed above may constitute enbodi nents of the tube. That is,
the tube may include any suitable conbination of properties, nmaterials,
and/ or shapes as descri bed above. 1.1.5 Portions [0056] Also, it should be
under st oogotogdospput i ons of the tube may have one or nepcEUBIOTAR4TEAt Ur €S
descri bed above, but other portions of the tube may not. 1.1.6 Bearing
Support [0057]As illustrated, the stator assenbly 18 is provided to a

center portion 40 of the tube 22 along an exterior surface 42 thereof. The
bear i ngs n2pdhe t?ﬁr@ﬁ?ﬂﬂ&ﬂlbffgzﬂ@g}?%@lcpﬁg’r %‘“Hb‘?tﬁ"‘fr LOLHANFEIGES Phe tube 22
al ong an dufth GhbiRag S RGE fifknb ROk fRbarerhe nlaybe béefichl.al s L he bearings 20
in substan rarfy perfect axial alighment. The bearings 20 support the rotor
14 and magngt 16 within the tube interior. In addition, the magnet 16 is
posi ti oned. between the bearings 20 such that the magnet 16 is aligned with
the stat olrzaAs‘géPrtﬁgegf 18. [0058] The inside diameter of the tube 22 is

subst.ant ifgbge; Si M e dortdn@n@isicat 6EFigi BaRvRich diie mimebeanomigsis 20. Thi s
allows the bearings 20 to be securely and stably ret ali ed vvithL_n the tube
22, e.qg. ,po:wlomd withig the magnetipady, frauspagpic .mt[eeé%gsﬁﬁ\é“f’t‘ d’g?éa“é%eﬁ-s Yufficiently
"magneti ¢ t . : 5 - i, ing.a

condu_ct [ veg?%élﬁed;hg?&ﬁ e%?ﬁlé&égrﬁgﬁgtggl gg, vvhliclz toaﬁag\?\gh?%gﬁdr?gt '(h;lr]fylo to have
a desi gn superwdtiatipnthére resanistimpraved ooisd and/er impoweé ifebdr wediion. ke bear i ngs 20

within the tube 22, as i|lustrated i 1g.. 1. Thata ] J tator assenbl

18 can acUPEHPTAH e THERY AEY t%mrtg‘?t %’Pl?tﬁo g%tgﬁrgfcgﬁgnana{/&m?etfh|l%b?ahg§%% 2 22 wit houty
si gni fi cagen (8 maRkiaksloothedsds iidthanmdt abvd d16sebanadhdiantrmal éxpansion Thus, the
tube 22 provides stable physical properties and |§ acflectual to support the
needs of aonBicitse-gapoih (batapBAnd roforTgay be made of stabilized zirbonta).

[0061] The motor arrangement also provides superior compactness (e.g., the
rotor may reside between the tube mounted bearings, not cantilevered), superior
dynamic response due to an inherently low inertia rotor, and superior rigidity due to
simplicity of construction. In addition, the motor arrangement provides superior
accommodation of both fluid bearings and a double-ended, impeller blower
construction (e.g., when the motor is incorporated into a PAP device or flow generator
as described below), |

[0662] Further, when rolling element bearings are used, matched thermal
coefficients of the tube and rotor may allow one to eliminate a preload spring.
Specifically, one method for assembling bearings includes using a preload spring that
applies a force to the bearings to ensure they remain correctly aligned and retained in
position agaiﬁst the ends of tube, e.g., against flange 380 for the lower bearing and
against tapered flange 382 for the upper bearing as shown Fig. 4-3. As an alternative
to such method, the preload spring may be eliminated and the bearings may be
retained in position by an adhesive, e.g., glue, or other suitable fixing means, e.g.,
mechanical fasteners, etc. The bearings may be of a range of varieties. For example,
the bearings could be constructed as sleeve types, duplex types, magnetic types, €tc.
[0063] Such an alternative method is illustrated in Fig. 6. In such method, a
force may be applied (e.g., by spring 536 as indicated in dashed lines) to force the

bearings 520, 525 against respective flanges 582, 580 and in correct alignment. Once
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noted that the bearing tube 22 nmay be incorporated into other notor
arrangenents or other applications where "magnetic transparency” my be
beneficial. 1.2 Advantages [0060] The notor arrangenent of Fig. 1, in which
the magnetic rotor 14 is positioned within the "magnetically transparent”
tube, 22 Rasceaxesal advantages. For exanple, the not orCHUSAOGENERL

provi des superior bearing-to-bearing alignnment. The superior alignnent
results in inproved noise and/or inproved life. In addition, the superior
alignment results in the ability to better accommodate flui d hearings,
e.qg., whesighére amadhesivals egf, gluseorrogies fixmganaane ey be applicd PEWGER ¢ mat ched

thermal expansi ef fi.cient s,.(.exg. : uhes-aneh srot,gfinh@y be made
of st abi ﬁieglé S??Bt; iagji.the[tﬁg%%?‘fﬁggﬁggge?g“grﬂ%egoﬂ%%%nt 2211?_12501 Ep)r (;\}i des superi or
conpact negiste(tBe three it beinp apsitednemy., bethe eeridgetdte €mct te heatrgsHB0NT28d bear i ngs,
not cantil evered), superior dynamc reaponse due to an inherently | ow
inertia rat Bredlyagachem e force maybaiemo¥e to sinplicity of construction. In
addi tion, MOt Orp, FELA R WA OBS Rk Pefiefiod ac@anmmedakd on of bot h
fluid bea[Pﬁilgs and Aaﬁtgéuﬁ?g{ﬁgnded, i npel | er blower construction (e.g., when
t he not ormétsr wacwyypodidfeeuht ForhponantPfRe.dweh esthsiror W Hehdehvdl as descri bed
bel ow). [0062] Further, when.rol li - {gs  Are Lisgd, mt ched
thermal ¢GBFHA 9F¥AEe QeTady @ g@%ﬁt%ﬁgﬁ%@gﬁ% one to ellnnate a
prel oad spé MagnaSRedtd mslad thy commpmente! Tk, ffahe msaant khietgbdmaterizlgs i ncl udes
usi ng a prel oad that applies forc the bearin S to ensure they

sprin . to
remai n coEVeEYe 9if§rq|n§%@angﬁapqn@pgp?pégaplﬁs 5@%‘”’58}?%@5*3@ he ends of tube,

e.g., agﬂ}nﬂé&nﬁ 1l=,€é?%%é&gﬁﬁgsgmg}g%%ﬁr%ﬁggmwnaﬁ%w@ theépered flange

382 for e upper Dbearing ~As” an alternative to such
met hod, thetor.elnaadersppiementsash freblems fromaiceerriagdhe e BadicAgsr MY be

retained in sitign by an _adhesive - Ot | e fixing
neans, e.t@f’.’?g)%eg&%ﬁle &%e%ﬁ%ﬂ'@r o gélgﬁ'ﬁhg%gge}xp%ls&négg ﬁt%%“t)‘%la(gérange of
vari et i esyhEad @ &t Bay bdweadisfeorh bgs ditfetdndmberievatir the sat thsmwll eeve types,
dupl ex types, magnetic types, etc. [0063] Such an alternative nmethod is

i |1 ust r atexgansiongaogtficgent.) n such method, a force may be applied (e.g., by
spring 536 as indicated in dashed lines) to force the bearings 520, 525
agai nst respective flanges 582, 580 and in correct alignnent. Once

ali gned, 20 Mdive&iceporgtedeintp PARDagwice or ot her fixi ng means may be applied
bet ween t earin 520 5 and. t 2 J: Lt he

beari ngs @@6?1 525 i eﬂB%CP‘E on’ ‘?llnggrs%}é&é? g?tgé%};{spgée\éler%g&g%b{ ?etgg{l,a[bé. g., by
the spri ngndfed OpereritBa sbpsly bhgsessbafsd gak fo be providee i ypaentfohed, the force

may be renoved. [0064] A potenti al_ pr.abl it is_alternat.ive nethod is
that whentrea¥geniot- gy F%Dﬁﬁfdeﬁpﬁ%t@ﬂg @#&ﬁ%ﬁ?ﬁjﬁ?@s‘& ,P%gh\é% as the rotor
and the tgagy, é"ﬂ/’%ﬂtilﬁ RAPBEL Oh 9h BYbdBmbheite rhatdi Mbgibetonshentetlo expansi on
coefficient which relates to the material used to make the conponent s.

Thus, if opeeate op o abentBQ,00 pubadenfailimitergieve two different thernal
expansi ongeg 11 ol QoL abhothoo LRSI AEANG APABULIGI g evel s, the

beari ngs nove causing an inbalance in the notor. In order
t 0 prevengensthedt GONiRLENE tHermororolee Kksillngratddh thetRARdenvg Glincludssor may be made

fromthe sane material to have the sanme therml_.expansi on fficient or
the tube hovgngre andaslowstyp B@W&B‘gwftﬁwm“f uSH]gfqze)r‘lg‘ﬁ{ﬁ% e 4|01§I s wWith the

sane ther gl ifxRaRel ARupR bf b4&iiMBthe housing 62 through one or more intake
openings (not shown, but typically provided at the bottom or side wall of the flow
generator housing) and provide a pressurized flow of gas at an outlet 66. The supply
of pressurized gas is delivered to the patient via an air delivery conduit that includes
one end coupled to the outlet 66 of the PAP device 60 and an opposite end coupled to
a mask system that comfortably engages the patient’s face and provides a seal. In an

embodiment, the blower is constructed to deliver pressurized gas suitable for CPAP or
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2.0 Motor Incorporated into PAP Device [0065] The notor 10 may be

i ncorporated into a PAP device or flow generator structured to generate a
supply of pressurized gas to be provided to a patient for treatnent, e.g.,
of Sleep Disordered Breathing (SDB) wi th Non-Invasive Positive Pressure
Venti | atiwp 20090FPRY) . | n an enbodi nent, the notor nmay bRCLGIRSEVAE47éd t O
operate up to about 30,000 rpm and/or 8 mNmtorque. [0066] For exanple, Fig.
2 is a schematic view of a PAP device or flow generator 60 including the

motor 10. As illustrated, the_ PAP Sew ce 60 i d@@ (?2 and a
o over - oANEGpmes @uheret ot £4BCRERS: 408t SRR T e 2o 1 o
draw a S%P e¥naglﬁ)o V\ﬁ:% %ﬁkgn?%ntf' S ABS AHIPORREmMAY béBdi guftiake

openi ngs ( hot |ca provi ded at the bottom or SI de wal |l of
t he f|OWt@&d§lﬁfcﬁbl¢chhtbempYIgl) vmbﬂe;pmwrdéleeappr(@ssm reage of Llvcwtgas at an

outlet 66. Th surized gas is delivered to the patient via an
air deli \Péiiylggéi‘ﬂ% %tﬁ?&“ﬁgﬁgl udes one end coupled to the outlet 66 of the
PAP devi o and ghe BRAREE4 R sBpsbreaBPLLdithia the miﬁgﬂsarﬁrinuhd&s confortably

engages the patient's face and provides a seal. In an ﬁrrb nt t he
bl ower i 31t isasione irapedlar 6anfetht woror P éa diiys the at 1gast ougimRglleT AP or
NEPPV, €. ’tra e}nlﬂgdl&%gggiegglo‘ﬁcm%% HaS H30ub1&EndeiOithgefitOsio0ér up to 180 L/rnin
(measured St ending on patient requirenents. Also, the bl ower

may be cowhitguted Specifiehlly ere hotbeUbinciuier thpgrrangengnt shpive "pFlés’sur e therapy

(e.g., low range of 0067] The

bl ower Z?“F‘@‘%"LF}BS@PF’@H%Q geg?fow for'i?rgmqﬁ%o% Pﬁ&l%ﬁégéﬁﬁgﬁ ue([lies at | east
one i npeld,ep1568: angay ha%lda{%@rngﬂe(inip@uarcbmﬂedmhaﬁmmaex one |rrpel ler 68. In
the illustrated enbodi nent, the blower 64 has a doubl e-end i mpel | er’

bl ower cdf@48uct i ofhe SEa] rﬁﬂk’ﬁ‘ﬁ‘?@”@ﬁé"%l"&“ i@emhlé‘?slfﬂ‘é@asttﬁ%sear r angement
shown in fi fie ﬂgg&m@@%&%&mfﬁ%p%ﬁ o3, )%Qem%abmi‘au&hﬂorm@ro1@31339s COUD| ed to

an inpel le OWET |ncuea5|ee%e|npe
coupl ed tadihs. Hmhabnﬂl@ateﬁuﬂﬁﬁﬁ]cihmsrﬁﬂlﬁﬂ 8ﬁ&wntiﬁ@®rhﬁ9}t®i agent o bl ower
assenbl i es such t hpse U. 483, U. S.
Pat ent PJHPWE%’@P%%C ‘?%/? gg@“‘ Qﬁ't?gﬁ %ahﬁg%\%')\ﬁs’lﬁ(gﬁ’!ﬁg%at ent

Appl i cat '&Bae@%&%& I&Zér vﬁdﬂtFlé;dllﬁQ Suphdrt Siadve” SleddRebRiannes, 20aMmdadkest ed
Vol utes Thereof' filed October 28, 2005, and 60/ 775,333, entitled "Bl owner

Mbt or wutofuﬁu@wsmcerpsmsgbhqrcls,|béé@féwn¢qlpé@eﬁé‘lﬁ%ary 22, 2006, each of which

i's incor ed her 69] Al so, the notor
10 may bgﬂgﬁ%l oyed Aﬁécp “%Keét%g% g% F@R’Oyédf%%tt%\%gﬂ%cgggg [ 0070] A PAP devi ce

or flow generat or 60 including the not or arrangenent of Fig. 1 has several
advant ages. r exanple, the notor arrangenent of Fig. 1 provides a
quieter, +b ra“tlaigéfS smal l er, nore reliable, and highly responsive PAP

devi ce. Tippgojpr oVvi depAR dRARe 8efb e gereabr G0sincindiag clanrhotot aindrgemmt ofasier to
use for the patient. Because the patjents are nore sat erapy is

easi er t oFiadhhasiseyess! agyantagee For example, the motor arrangement of pfowcpa
| a quieter, longer life, smaller, more reliable, and highty responsive PAP device. This

provides a PAP device that is more comfortable and easier to use for the patient.
Because the patients are more satisfied, therapy is easier to administer for the
physician.
[6071] In addition, the PAP device 60 including the motor arrangement of Fig.
1 provides a potentially lower cost due to reduced parts count and less machining, a
superior motor platform for implementing conventional rolling element bearings, a
motor platform to accommodate fluid bearings, a motor platform to accommodate

fluid bearings and a double-ended, impetler blower construction, and/or a motor
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physician. [0071]1n addition, the PAP device 60 including the notor
arrangenent of Fig. 1 provides a potentially |ower cost due to reduced
parts count and | ess machining, a superior notor platformfor inplenmenting
conventional rolling elenent bearings, a notor platformto accomodate

fluid bea‘gi :}g 105 9.3 tor platformto accommodate fl ui d RepttResadE a
doubl e- end8 i npell er bl ower construction, and/or a notor platformto

accomodat e fluid bearings and a doubl e-ended, inpeller blower construction
and integral volutes and/or blower housings. 3. Alternative Enbodi nent of
El ectric Oamo@htw&z&hﬁidg@ﬂusdaeaangkmzdoublasndahenmilceblewic notor or tube
notor 210 accordi ng to anot her dgbﬁ;](li ment of the present invention. The
tube not sengimgtionsand jpisezhyoluies rAPTRIPNT PWI8te t ube notor 10 descri bed
above, and also illustrates the notor's ability to function as a notor

wi t hout the requirement of a housing or endcap. [0073]As illustrated, the
mot or 21(B. i Altdruedios Embodipzenabf BleghaMotesr rot or 214 incl udi ng a per manent

magnet 2 ovi ded. ret net earing tube 222
structurégo"% ret a%ﬁg hfl%ggefg%sra%%n%sél%%%%ﬁo{:%tgg?%ﬁry gupport the rotor
214 wi t hifcdrhmghd B2 mbadichent Sfithd mescasmeervion. Zhethe@mtcke%lOaiiong an
exterior surface of the tube 222 tai ned .on t r| ction).
[0074] I n swbgantially ginrkt e MO6 & @dgefq{@egf‘%ﬁ"(ﬁra“&saésé’ P@T"% &% ncl udes
wi ndi ngs r%%grs ;?011 {38 Rinc@8n SlAhbr Wb e redhihRaKo2Houping ot eigldap.0 t he

wi ndi ngs one or nore insulators 223 provided between the w ndi ngs
219 and t[nm:ﬁt ack mmms@rateudsuhbmo@rmeI@ﬂta!ekazmtabiﬁémfwféﬂvair%m ngs 219. As

descri bed t he tube 22 | whi ch al | ows
the stat dF‘aH‘g%ﬁﬁF?’aﬂ %gngtz%lﬁ&;ﬁofﬁé?ﬂ ‘18%2% r¥a Sﬁgﬁﬂgﬁaﬁ aé%"ft. oned within
the tube 22gnubb ot sthic@iéd ioGatin dr@ﬁﬁserfeariﬂgS)Mﬁlmrcttg/caldmdvi[mol'ﬂ ther eased

heat, if any. [0075] A spacer 234 is deq betvxg 1t he ro or magnet 216
and one oﬁtoﬁﬁé‘* b'ethmth@ a1bp 282, a3dq Sﬁ‘“‘éﬁﬁeﬁ‘ély& BiproM PR ™56 s

provi ded bgftaggegfqhéﬁge? %sg NBANRE of kibedRGritdym) ot her of the bearings 220.

Thi s arrangnent mal n al'ignment of "the rotor ?net 216 with the
stator asgamily 218o tI{GODlmqatﬂd epfhedimeanb sherpirterrassegedy 2l HEWluet ei n, t he

housing e| ﬁg‘%%g 319’;‘ rax%tarfoei\'%r gta‘taor lamination stack 221 provided to the windings 219,
and one or more insulators 223 provided between the windings 219 and the stack 221
to insnlate the stack 221 from the windings 219. As described above, the tube 222 is
"magnetic.ally transparent”, which allows the stator assembly 218 to act on the
magnetic rotor 214 positioned within the tube 222 without significant loss of flux
density and/or increased heat, if any.
[0075] A spacer 234 is prm-fided between the rotor magnet 216 and one of the
bearings 220, and a spring or biasing element 236 is provided between the rotor
magnet 216 and the other of the bearings 220. This arrangement maintains alignment
_ of the rotor magnet 216 with the stator assembly 218.
[0076] In the "tube motor" described herein, the housing elements are replaced
by a single tube 222 that extends through the core of the stator assembly 218. The
tube 22 is thin-walled (but strong) and is “magnetically transparent”, which allows the
bearings to be mounted within a single bore with the rotor magnet nested
therebetween. The rotor’s magnetic flux penetrates the wall of the tube (since the
tube is “magnetically transparent”) to interact with stator winding currents to produce

shaft torque.
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by a single tube 222 that extends through the core of the stator assenbl
218. The tube 22 is thin-walled (but strong) and is "nmagnetically Y
transparent”, which allows the bearings to be mounted within a single bore
V\nthtthte r ot (r)]r rragnetfnested t her ebetween. The rotor's magnetic fl ux
penetrates the of the tube (since the tube is "naghef
t ranspar eWP‘Q?OS{O\(%%:SJnteraCt with stator winding currents to %@?éd&g‘g‘tshaft
torque. WO 2008/ 051534PCT/ 1152007/ 022474 [0077] Thus, the "tube motor" is
sel f-contai ned wherein the stator and rotor are supported and/or contained
%at hiest tgg@ygqn a n’@ﬁzﬁb‘?ﬂ}e(;‘hfb% nRjtbrOVssetftentaisbe wineteor the stafcrand fader as a not or .
, ousing or endcap is not needed to s ort-and/or. _contain the
;}A\gtgr amd#&)lpp@lgﬁddwﬂfoé?@ltémm}‘sfhﬁ&bﬁé‘%aﬁ’éé‘?fég‘af gﬁ)‘g‘fﬁp%‘a?‘l%cr%‘ftgrrmbeari ngs. In
_devi Ges.; 2 ,DOUSI NI TRANGL 9 oGAHE BPerdBap 10 RotHeddddB8 dupdri dig/ok ube motor to
define a%BII‘%lﬁur% cﬁ'a%’er &or’ pPess%?llpezned glasc.) 3.1 Bengéqbts and Features
[ 0078] Benrefiainsthanatof aatorire®r,afg. thuesingibes neededito SEporteetoeaBns- df -nore of

the follow . ng: [0079] Low cgst; ,[ 0080],Housi.ngr ' '

nousi ng AT NUBEA FIE e B o BanearereP Bl g LR, | 2
[ 0083] Dugje shadianbardphessulie@fdk Tube provi des excel | ent bore-to-bore
concentricity (low noise wthout - ,

3.1 Benefits and Features

[0078] Benefits and features of the tube motor 210 include one or more of the
following:

[0079] Low cost;

[0080] Housing-less: no requirement for housing or endcap;

[0081] High performance capable;

[0082] Low inertia;

[0083] Dual shaft capable;

[6084] ‘Tube provides excellent bore-to-bore concentricity (low noise without

need for highly precise machined housing parts);

{0085] Facilitates vibration isolation;
[0086] High power efficiency (low iron loss);
[00687] Good thermal properties {especially for the stator), e.g., due to the

cooling effect on the stator with pressurized gas directed around the stator. The
reduced heat on the stator and bearings may increase the reliability and life of the

motor. Also, heat may be passed to the pressurized gas to assist in warming the gas;

[0088] Compact construction;

[0089] Highly manufacturable;

[0090] Slotless stator {zero cogging);

[0091] Sensorless (or “sensored” - if necessary);

[0092] Sine drivable {e.g., about 1.1% THD (Total Harmonic Distortion));
andfor

[0093] Reduction or elimination in tolerances by using the tube {(e.g., no

tolerance may be required for the stator from the rotor/stator alignment).
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need for highly precise machined housing parts); [0085] Facilitates

vi bration isolation; [0086] H gh power efficiency (lowiron |oss);

[0087] Good thermal properties (especially for the stator), e.g., due to the
cooling effect on the stator with pressurized gas directed around the
stator. Iﬁ@;@@ﬂmgﬁd heat on the stator and bearings nmapCl/H8208E@4Mhe
re|labl!lté and |life of the notor. Al so, heat nay be passed to the
pressurized gas to assist in warm ng the gas; 0088 Co act i on;

[ 0089] H ghl y manuf act ur abl e; [0090gSIotIgss [ I caingy e

[ 0091] Serd8¥HM]ess (&rshoﬁéhgéma@awdmatW@E@é@é#@)ﬂ [WQQ? r%‘?‘?nc% |va%>| e (e.g.,
about 1. %rysz'%ga}_ﬁéﬁhta égﬁ{yﬁ&%ﬁ& 2hdr@n) )5 and/or [0093] Reduction or

el i m nation eran using the tube (e.g., no tolerance may be
required for the stator fron1the rotor/stator alignnent). WO
2008/ 051534}'&3 tCe-II:r/xaltJl%g (r)n7b/08i2rnzelx}lt7§f PAP device
[0095] Figs. 4-1 to 4-3 illustrate a PAP device or blower 360 according to
another embodiment of the present invention. As illustrated, the PAP device 360
includes a volute or housing 362 that defines a generally spiral-shaped channel 363, a
tube motor 310 including a "magnetically transparent” tube 322 support by or within
. the housing 362, an imbellcr 368 provided to the rotor 314 of the tube motor 310, and
‘alid or end cap 365 provided to the housing 362 to enclose the impeller 368.
{0096] As best shown in Fig. 4-2, the PAP device 360 is operable to draw a
supply of gas into the housing through an inlet 367 and provide a pressurized flow of
gas at an outlet 366. The PAP device 360 is generally cylindrical with the inlet 367
aligned with an axis of the PAP device and the outlet 366 structured to direct gas
exiting the PAP device in a generally tangential direction.
{0097] Inan cmbodimcnt, the PAP device 360 may have a diameter of about
60 mm and a height of about 30 mm, which provides a cylindrical volume of about 85
cm’.. The outlet 366 may have a diameter of about 10 mm. It is to be understood that

these dimensions are merely exemplary and other dimensions are possible depending

on application.

4.1 Tube Motor

[0098] The tube motor 310 includes a rotatable shaft or rotor 314 including a
permanent magnet 316 provided thereto, a "magnetically transparent” tube 322
structured to retain or house bearings 320, 325 that rotatably support the rotor 314
within the tube 322, and a stator assembly 318 provided along an exterior surface of
the tube 322 {(e.g., retained on tube by friction).

[0099] The stator aséembly includes windings 319, a stator or stator
Jamination stack 321 (e.g., slotless or toothless) provided to the windings 319, and
one or more insulators 323 provided between the windings 319 and the stack 321 fo

insulate the stack 321 from the windings 319. Further details of coil winding is
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[0094] It should be appreciated that the notors 10, 210 may include one or
nore simlar advantages, benefits and/or features. 4. Alternative

Enbodi ment of PAP device [0095]Figs. 4-1 to 4-3 illustrate a PAP device or
bl ower 360 according to anot her enbodi ment of the present invention. As

i1l ustrat®@.obdiB1BAP device 360 includes a volute or hpggusgodezsthat
defines a generally spiral -shaped channel 363, a tube notor 310 including a
"magnetically transparent” -tube 322 support by or within , the housing 362,
an inpeller 368 provided to the rotor 314 of the tube notor 310, and a lid
or end caiscBB&d w9 Bredistonak Applisetie N 0677333 dHed Beeembige 28,9861 er 368.

[ 0096] As hest. shown in , Fig. .4- t he. PAP jce 360 is operable to draw a
suppl y oquﬂéblsi'%‘ioﬁpqrﬁgdE%%Qibﬁég? eP%eu%]Hégﬁg[i%wr et 367 and provide a
pressurized flow of gas at an outlet 366. The PAP device 360 is generally
cylindrical wwth the inlet 367 aligned with an axis of the PAP device and
the out! étl.Be@rskieeictiited to direct gas exiting the PAP device in a

gener al | yobARgent | Fhe Hisk @98 bPfhe RN NoARIGIR AdisErsior 10, RAP devi ce 360

4
may have Iameter of about 60 nm and a hei ght of about nm whi ch
provi des shiebd/3 T2nstovided tovonk endcofithe titbo porti®s 3¢0:3ind Thenman fng@86t may have a

di aneter of gpout 1 AT B 0.be understood fhat t g.di nensions are
nerel y eféFFﬁa'é‘lg;;mérh cgﬁﬁ)é]rﬁai i‘b&’gii lffga?ggm%%%?ieﬁﬁ' @ed%%crel%gil?lg on

appl i cat ijgRgrafly honHaG{e.F!.l?trgéctibﬁ)Q&ﬁdeﬁbl@s 4 etepiegatsecidd) Havdver @ tabg ot at abl e
shaft or rotor 314 including a pernmanent magnet 316 provided thereto, a

"magnet i GERIRx hepeapaickedtin ofhghwiablo manpgfEt ured to retain or house bearings
320, 325 that rotatably support the rotor 314 within the tube 322, and a
stator assenbly 318 provided al ong an exterior surface of the tube 322
(e.g., rethlngchriop AlighmeiryanfiReeniion). [ 0099] The stator assenbly includes

1o nd: 9% g2, S helpRa oD RS TSl R A Bt o3,
provi ded thebMe@Bs 3318 394 thdi fogsabhLupand tehetos Bk Kin3Rdillusrites ul at e the stack
321 fromthe w ndings 319. Further details of coil w ndi ng i-g be

embodiment, the tube portion 370 is structured such that mixed bearing sizes may

used. |

[00102] As illustrated, the upper end of the tube portion 370 is structured to

support bearing 320 and the lower end of the tube portion 370 is structured to suppdrt

bearing 325 having a smaller size or diameter than bearing 320,

[00103] Specifically, the upper end of the tube portion 370 includes an annular

surface 376 defining a diameter D and adapted to support bearing 320, The lower end

of the tube portion 370 includes an annular surface 378 defining a smaller diameter d

and adapted to support bearing 325. As illustrated, the one-piece tube portion 370

provides accurate bore-to-bore alignment which provides accurate bearing-to-bearing

alignment. The upper end of the tube portion 370 also includes one or more

extensions 338 structured to strengthen the upper end of the tube portion 370

supporting the bearing 320.

[00104] In an embodiment, the tube portion may be manufactured such that

substantially no draft angle is provided along surfaces 376, 378 adapted to support

respective bearings 320, 325. However, a draft angle may be provided along the

surface between surfaces 376 and 378 to facilitate molding along the line of draw.
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disclosed in U S. Provisional Application No. 60/877,373, filed Decenber
28, 2006, which is incorporated herein by reference inits entirety. 4.1.1
One- Pi ece Tube [00100] The tube 322 of the tube notor 310 includes a tube
portion 370, a shield 372 provided to one end of the tube portion 370, and

an annul %ofzbﬂsﬂgfssf’m extending fromthe shield 372. |pcit/beobtduslsr at ed
enbodi nent, the tube 322 is integrally nolded (e.g., injection nolded) as a

one- pi ece structure. However, the tube 322 may be constructed in other
suitabl e manners. 4.1.2 Bearing Alignnment and Retention %00101] The tube
portion 3d®08i t he A shed3@ZadesTE mayde prasddedbevereaswrfacasi3Eh. 3ghta he beari ngs

320, 325 that rotatably. or t t 4. 1n.the il d
mbod mor@Ge e BRS h Ponar R0, L2 b ticeti et PR ng

si zes mayy, bR s et oflROLELhABioh B10ISEdr 3k afiple [theshiiRe being sife dffde: T ube portion
370 is structured to support bearing 320 and the |ower end of the tithe

portion 33@rB4 sty betnsertd itio os Uignoppad inied Mertbepstiondi0hroseh gl | er size or
di anet er than hear,i 320.. 103]...Spegifical of the tube
e DAt L) S o kB

_ ut'ar ‘surface ining a diameter D and
adapt ed teadsHPpIOpéd defacd 3N wiRAGuidEhke bavieg 32hiohtodnghpandeny béthsorfedeon 370

i ncl udes an annul ar_surface 378 definin mal |.er.di.ameter d _and adapt ed
to suppor¥’8baungggedsos dlﬂ@‘“"i"'?'l%f‘&?@%‘f“%lg{h%@g bsrigél-ffﬁu ‘%gln{gbté °B5?t on 370
provi des p%glgi%at e bore-to-bore alignment which provides accurate

ea

beari ng- to- ring alignnment. The upper end of the tube portion 370 also

i ncl udes [00HGIr nolethextieteicd nmbadigest thedoweendoh thertpsRrheh the upper end

of the tub ortjon supporntin e ' .

enbodi mert® u{fff‘?éa éﬁ%ﬁ%%%(gwli pg‘ﬁw%sya %%ﬁ Qn%srlllgﬁgﬁogglgij%gﬁ% %ﬁ?ﬂéslggg{]anti ally no
draft angh@. iA3sd)BRVipgectnalodig tsherforbeas3 Bifclu®E 8nadapbedapesedilmgor t
respective bearings 320, 325. However ng%g}eg_% behp]{t%i ded al ong

the surf ResinsIRe afanias) tp gBEAEE BFPCRTRE %nga'?‘{)ﬁéné%%t Y al ong t he
line of Ctﬁ@é’\bortion 370.

[00107] The tapered flange portions 382 provide snap-in bearing retention.

That is, the tapered flange portions 382 may be resiliently deflected upon rotor

assembly to allow the bearing 320 to snap into the tube portion 370, but prevent

removal of the bearing 320 (and hence the rotor) from the tube portion 370 once

assembled.

[00108] A spring or biasing element 336 may be provided between the bearing

320 and the rotor magnet 316 to maintain alignment of the rotor magnet 316 with the

stator assembly 318.

4.1.3 Shield

(00109} The shield 372 of the tube 322 forms an upper wall or cutoff for the

channel 363 that directs pressurized gas to the outlet 366. In the illustrated

embodiment, the shield 372 is_ in the form of a circular disk that is provided to (e.g.,
~ integrally formed in one-piece) an end of the tube portion 370 adjacent the impeller

368. _

[00110] In the illustrated embodiment, the outer edge of the shield 372

substantially aligns with or extends radially beyond the outer edge of the impeller

368. The shield 372 provides a narrow annular gap 385 (e.g., about 1 mm) between
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WO 2008/ 051534PCT/ US2007/ 022474 [ 00105] A sl oped surface 377 may be provided
bet ween surfaces 376, 378 to guide the rotor 314 (with bearings 320, 325
provided to respective end portions) into the | ower end of the tube portion
370. For exanple, the smaller bearing side of the rotor 314 nay be inserted
into or " r%r&’iigsnt 0" the tube portion 370 through thgcHppRo7/636h40f the

t ube port V370’ i\s the smal |l er bearing 325 approaches the |ower end, the
sl oped surface 377 will guide the bearing 325 into engagenent with surface
378 having a reduced dianeter. Thus, the bearing 325 is self-guided into

i t's oper agsiouRr BOS dnbiRy wil0SHAShdusing!B62] Whids isrsaffeiene mhdidichgastintotthee | ower end
of the tube portion 370 includes a flange 380 that provides a stop or
support fobanneh36lsading iy tBosutket 3¢the | ower end. Al so, the upper end of the
tube portion 370 includes one or nore tapered flange portions 382 adapted
to engage the bearing 320, and hence retain the rotor within the tube

porti on 3D Tup®dida] ik dlausipg Eeghgkinanige portions 382 provi de snap-in bearing

retentio That is, the taper fl.an } siliently
def | ect e&oﬂl’p‘gi‘ r ot gr!leé@gﬁpg?ﬁﬁtggn%ﬂlcg“\%ugﬁégﬁggéivﬁg%glglgtéf%ﬁ?{r?gp into the
t ube por tgQRuT Clemhs thk eréeRhpiEERUpborg bligh end/earanten 820uifeandohence t he

rotor) fromthe tube portion 370 once assenbl ed. [00108] A spring or biasing
el ement 346 withyn the hersing #d bet ween the bearing 320 and the rotor nagnet

"316 to i Kn ali : Hadshe 3dDindiudbs ddeeorsigit or assenbly
318. 4. m‘i@?‘?a d [hggggg']gs?ﬁ{gdtg ;%ﬁlﬁ{eg% of th% tull:r)le u322_ forrms an upper wal l
or cut of f5idtoBs4 menappaneti@6s tetatusidy maditbat py whpad Iy BACIYRESPEUAhe out | et
366. In the illustrated epbodi ment, .the shi 712 081N ormof a
circul ar BPsIBORIY ‘d‘?céﬁ%‘}gotggaléar ge {Jﬁhﬁ.sfmiynﬁézg?'gl’ %ﬁ?{%’r%}c‘iqﬁrﬁ&one- pi ece) -an
end of t hgnddabBedané sinnd 370 irRidecrie thize3Sntpe bicarce@.in FBPALOE | n t he '

illustrated enbodi nent, the outer edge of the shiel 7
slots 384 of the housing 362. However, angy su?table numger o?' sl%ts?tags may be

provided.
[00113] The housing 362 and tube 322 cooperate to support and maintain the
stator assembly 318 in an operative position. As illustrated in Figs. 4-1 and 4-3, the
annular flange 374 of the tube 322 is structured to enclose an upper portion of the
windings 319 and engage an upper side of the stack 321. Similarly, the bottorn watll
of the housing 362 includes an annular flange 388 that is structured to enclose a lower
portion of the windings 319 and engage a lower side of the stack 321. Thus, the
annular flanges 374, 388 cooperate to enclose and sandwich the stator assembly 318
between the housing 362 and the tube 322.
[00114] Also, each flange 374, 388 includes one or more anchoring protrusions
390 (also referred to as anchoring pips or locating pins) that are adapted to engage
within corresponding holes 391 provided through the stack 321. This arrangement
self-adheres and/or aligns the housing 362 and the tube 322 to the stack 321. In the
illustrated embodiment, exterior surfaces of the flanges 374, 388 are substantially

- flush with an exterior surface of the stack 321.
[00115] In addition, the bottom wall of the housing 362 includes an opening
392 adapted to receive the lower end of the tube portion 370 of the tube 322. One or
more tabs 394 may be provided along the edge of the opening 392 that are adapted (0
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substantially aligns with or extends radially beyond the outer edge of the
i npel l er 368. The shield 372 provides a narrow annul ar gap 385 (e.g., about
1 nm between its outer edge and the wall of the housing 362, which is
sufficient to direct gas into the channel 363 leading to the outlet 366.
4.2 Tube dotRss@ngds Housi ng Engagenent [00111] The tube protms208462emd t he
housi ng 362 provide conplenentary structural elenents that are adapted to
support, align, and/or contain the tube notor 310 within the housing 362.
[00112]In the illustrated enbodi nent, the housing 362 includes one or nore
sl ot s 38Zngageanithippepecios dhanings £9¢ heovidst & thg Iqwaricnd pathe fWbeRgHed t o
receive ‘re@%pecti ve tabs 386 provided along the outer edge of the shield 372
(e.g., s Fig. 4-1). In an enbodinent, the shield 372 includes three tabs
386 that [80EI6]ecei Ieah mbsdimprctht uboetdet@itds ompletieatahoumicimpl 362.  However ,
any suitable nunber of slots/tab e provided. [00113] The.housi ng 362
and tube gmensopefed © thot Eﬁ'ﬁ’&r?’lg%d %ﬁihﬁi’%ﬁl%gj&f@%?fﬂ’% supsiply 318 in
an operagjjﬁeéggicgpsiti on. As illustrated in Figs. 4-1 and 4-3, the annul ar
flange 3 of the tube 322 is structured to encl ose an upper portion of the
wi ndi ngs 319 and engage an upper side of the stack 321. Simlarly, the

bott om V\B.%£ of 1:]]he housi ng 362 i ncludes an annular flange 388 that is
struct ur et tBPEIE| ose a | over portion of the w ndings 319 and engage a

| ower sideopf7it he si aeklldehted Ehibsdintehe terAR devide 30gedud®4,si@B8 cooperat e

to enclose and sandwi ch the stator assenbly 318 between the housing 362 and
the tube 18‘@21.1“[395-1M]‘U’dsgéﬁed’éﬁ%wl?elnﬁ?%% 1g:§gc¥es§ d lhté’}%ﬁ%@mélﬂ‘és%r nor e

anchor i ng. praty; 's'té&i%ﬂ%ééﬁ%@ﬁ@éa%@wfcﬁ&@ﬁét@%nté)pafi‘ﬁofaii‘ﬂ(hﬂfei sRebudh PE1,0r | ocating
adapted t

pins) that are 0 engage within correspondi ng hol es 391 provi ded
t hr ough t378. Shackaldd shrowifl 323 smcomparessshe hubsdribugiing3 Esthaig adaptedl tPgns t he

R e B
flush w tcRRApsKdEbh No. BOTAA0E06/001 61, Aled@ct@RA 27, 2006, which is
incorporated herein by reference in its entirety. '
[00118] This arrangement provides a low cost and low inertia alternating
shroud impeller. In an embodiment, a gap G (e.g., see Fig. 4-3) may be controlled by
a press-to-shim technique. For example, a shim 333 may be provided along the upper
end of the tube 322 that is adapted to engage the lower end of the hub 375 of the
impeller 368 (as the hub 375 is mounted to the rotor 314) and hence control the size
of the gap G.
[00119] In an embodiment, the impeller 368 may have a diameter of about 50
mm. It is to be understood that this dimension is merely exemplary and other

dimensions are possible depending on application.

4.4 Optional Balance Ring

[00120] As shown in Fig. 4-1, a balance ring 398 may be optionally provided to
an opposite end portion of the rotor 314 (opposite the end portion supporting the
impeller 368).

[00121] This arrangement may facilitate single-plane or two-plane balancing of

the tube motor 310.
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[00115] I n addition, the bottomwall of the housing 362 includes an opening
392 adapted to receive the | ower end of the tube portion 370 of the tube
322. One or nore tabs 394 may be provided al ong the edge of the opening 392
}hat aredad?ptﬁd tob engage within respective openings 396 provided in the
ower en tube portion 370. [00116]1n an enbodiﬂgﬂﬁ
above-de§€$ﬁg@ﬁggg | ement ary struchraI Llenents provi eds?gﬂ?ﬁg4tube
not or 310 and the housing 362 may provide snap-fit retention. 4.3 Inpeller
[00117]In the illustrated enbodi ment, the PAP device 360 includes a single
i mpel | er 436@,id\siow Passt rated, the inpeller 368 includes a plurality of

conti nuously curved or straight blad 369 i d A i
di sk-1i kd0&#2buds aﬁbpstsb@wﬁ %@g-%i!aggﬁntgﬁﬁm‘i‘%‘fq?% ee:)‘\ﬁfeg?%ﬁ ItO ﬁler hﬁL or
bushi ng %é? gilaﬁ@gs:[ igi‘ostp%pﬂgfﬁtﬂgxd?»é%ﬁe?gﬁ g, c@]@rgf%?ﬁar%@cﬁrﬁﬂ@rﬁngﬁi&@&i rotor 314.

Furt her _ ers are disclose plication No.
PCT/ AU20Q64i00&t % ardf iThe gaf Bt Dlmewedthe @@OG:dganf bh shisid Fearpdear®l herein by

reference in its entirety. [00118] This arr nment, provi -hQw cost and
| ow | mor @ BeduaPR et HEpEieD (PFHBH PEF PR 41 Hgour e he " e, o
see Fi 0. Gu)ubBYolde 3 EPNGAObkRd alYind@thechafe! B63sdNdhd siddsrdf ghestubd-or exanypl e,
a shim 333 may be provided along the upper end of the tube 322 that is

adapt ed trootengidigtovtingin ppésel waRnes ith (v ot PBIESE60he | npel | er 368 (as the
hub 375 is nmounted to the rotor 314) and hence control the size of the gap
G [00119]In an embodi ment, the inpeller 368 may have a di aneter of about
50 mMm It4.5.8 St@cb€osdlinger stood that this dinension is nerely exenplary and

ot her di nensi.ons are possible depending on _application., 4.4 i onal

Bal ance FO%3 001261 ke lgﬁg\ﬂﬁgieﬁ‘%g‘?‘&e“ﬁg‘f,exﬁ?nﬂgf &8 Oﬂhﬁ éta%%%iy be

optional | . BE@Yhd&Hbily318 is exposed to the channel 363 of the housing 362 and hence is
exposed to the gas passing through the channel 363. This arrangement allows forced-

convection cooling of the stack 321 as gas flows through the channel 363 in use.

4.6 Simple Construction and Low Cost

[00124] The PAP device 360 includes a relatively basic construction with a
single impeller to provide relatively basic CPAP and/or SnorePAP treatment.
[00125] In addition, the PAP device 360 provides four plastic molded (e.g.,
injection-molded) parts, i.e., the housing 362, the tube 322, the impeller 368, and the
end cap 365. These molded parts (along with the rotor 314, stator assembly 318,
bearings 320, 325, and spring 336) provide an arrangement with relatively low

component and assembly costs.

5. PAP Device with Flexible Core

{00126] Figs. 5-1 to 5-6 illustrate a PAP device or blower 460 (e.g., to provide
CPAP through BiLevel NIV treatment) according to another embodiment of the
present invention. In this embodiment, the PAP device 460 includes a housing 462
and a core 461 supported within the housing 462 by a vibration isolation system 455.
As described in greater detail below, the vibration isolation system 455 supports the
core 461 in a flexible, vibration-isolated manner with respect to the housing 462 so

that the core 461 is substantially isolated from the housing 463. Thus, vibrations
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an opposite end portion of the rotor 314 (opposite the end portion
supporting the inpeller 368). [00121] This arrangenent may facilitate

si ngl e- pl ane or two-pl ane bal ancing of the tube nmotor 310. 4.5 Fluid Fl ow
Pat h [00122] As best shown in Fig. 4-3, gas enters the PAP device at the
inlet 367yandodaeses into the inpeller 368 where it i spewosioerabed
tangentially and directed radially outward. The gap 385 between the outer
edge of the shield 372 and the wall of the housing 362 allows gas to pass
into the channel 363 and down around the sides of the tube notor 310. Gas
passes aramdiodotihemetraraeperggteddiydhe pase 46 biagiseprersHstantiglly iotasid 310 1 owi ng

in a spir towards the outlet 366. 4.5.1 Stator Cooling
[00123] | rfaotr%g‘a Of"fjs%%éé]ed enbodi ment, the exterior surface of the stack 321

of the stator assenbly 318 is exposed to the channel 363 of the housing 362
and hence is exposed to the gas passing through the channel 363. This
arrangenent @¢ ows forced- convection cooling of the stack 321 as gas fl ows

through Hhﬁlﬁiannelln @ilé%sﬁaféa@ Bdifer fﬂélcgrc%nfiﬁdlﬁﬂéfsla(?lﬁbc&ﬂ&oi:mm Cost

[00124] The devi ce I ncl u es a relatively basic construction with a
si ngl e i ripeldieg at'map'reuvalljrerane}baamt"\/@bg/ﬂ?agF@re(hpmnaﬁ@ﬂ gruchtiest WPAP t r eat ment .

[00125] I'n ddII devi 360 provi ded (e.

i nj ecti oﬁ“ﬁ‘iﬁ?’&’é ye’bcal?ﬁﬁ ¢£ mOtOtr%go‘ﬁBlﬂIE?el%r %gggmfv%éa t&%&%g%o@he i m()el Iger
368, and driag A 4GABF B6Gube HRses mpiirﬂeacbapﬁ:bé fing 49®pgvitied o arheppositeor 314,
stator assenbly 318, bearings 320, 325, and spring 336) provide an

ar r angeneng PAItoR of #ledeiorél4 | ow conponent and assembl y cost s.

5.1.1 Tube Motor

[00128] As described above, the tube motor 410 includes a rotatable shaft or
rotor 414 including a permanent magnet 416 provided thereto,.a "magnetically
transparent” tube 422 structured to retain or house bearings 420 that rotatably support
the rotor 414 within the tube 422, and a stator assembly 418 provided along an
exterior surface of the tube 422 (e.g., retained on tube by friction).

[00129] The stator assembly 418 includes windings 419, a stator or stator
lamination stack 421 (e.g., slotless or toothless) provided to the windings 419, and
one or more insulators 423 provided between the windings 419 and the stack 421 to
insulate the stack 421 from the windings 419.

[00130] A spring or biasing element 436 may be provided between one of the
bearings 420 and the rotor magnet 416 to maintain alignment of the rotor magnet 416

with the stator assembly 418.

5.1.2 Core Housing

[00131] In the illustrated embodiment, the core housing 450 includes a first
housing part 452 provided to one end of the tube 422 and a second housing part 454
provided to the opposite end of the tube 422. | |

[00132] As illustrated, the first housing part 452 includes a shield 472 that
forms an upper wall or cutoff for the housing channel 463. An inner annular flange

474 and an outer annular flange 479 extend from the shield 472. In the illustrated
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5. PAP Device with Flexible Core [00126]Figs. 5-1 to 5-6 illustrate a PAP
device or blower 460 (e.g., to provide CPAP through BiL,evel NV treatnent)
according to anot her enbodi nent of the present invention. In this

enbodi ment, the PAP device 460 includes a housing 462 and a core 461

supported w th he housing 462 by a vibration isol at b@puseleauAS5. As
descri -begwynZIO&gHr'rdézlaalt?’ér detail below, the vibration isolation system 455

supports the core 461 in a flexible, vibration-isolated nmanner with respect
to the housing 462 so that the core 461 is substantially isolated fromthe

housi Ng 463oditiss, the/dH @ T PR inRBlldrans hwtes tapmyEoEsdpedensfiatretbnby t he core
461 in use are substantially isolated from,the_hou§i ng 42%. dg 1 Core
[ 00127] | ralengdtsirpdiglderesh. o wpsaAthas swtablarontigiations £f il & h t ube not or

410 incl 54 § tically transparent” tube 422, a core housing 450
structurg Pg%r%ﬂebggggﬁlt%i ally enclose the tube notor 410, an inpeller 468

provi ded [00133he end\spesdribed alufve the shield @72 provides a nhwow gbevlagaet8410, and a

bal ance ring 498 provjded.to an .o ite . end portion. t or 414.
5.1.1 Tub¥t¥asnds OF@E')?LA%]&AQ tt&?é?&?‘f‘gggﬁe‘fﬂ%?%‘,s SlffﬁgePtutBe r?‘r%tt%l??nﬂ%tei ncl udes a
rotat abl g,38ah thfhe'480r 414 including a permanent magnet 416 provided
thereto, a "nagnetically transparent” tube 422 structured to retain or
house bedPP¥d 420 Thhshiekddt73tirdiides s ppriins thaiellpys ape endafiemfiihe ne t ube

422, and a, st r I 1 LOV] : I, faage of the
tube 422 r{"té).ré?l,l Por g‘?‘%%ﬁ'%%%t ﬁrl:t)lg eg%é Eﬁ?ﬁectt%lcgn .19?%%%{3]&_}_1%?1?%’%4%% assenbl y

418 i ncl utgass wdapeidng gecdild pnaemst aftter tube 42% at or | ami nati on stack 421 (e.g.,
sl otl ess ‘or_toothl ess r.oovi ded .t o, t he w ndj ngs 9 nd r nore

i nsul at orl80 pr oﬁﬂ%ﬁ%@?%@ﬂ‘dﬁf@"ﬁf ﬁm ﬁ@é”%‘i@éi%%nc?%g a%s?{ﬂ g%ﬁ% 421 to

i nsul ate A%J?f?or%ﬁﬁé(wﬂ%ﬂngg g@%ﬁd‘@lgﬂg&ﬂi g6t 4deof thOQIA0IA. seiimgror bi asi ng

el enent 6 may be provided betvieen one of the bearings 420 and the rotor
magnet 4l@nuler Feigetidi inchides Areenmet 2p¢hering PRITUHATTED BaterardaR=die st at or

assenbl y é‘fl}ggge within corresponding holes 491 provided through the stack 421.

[00136] The second housing part 454 includes a main wall 487 and an annular
flange 488 extending from the main wall 487. The main wall 487 includes an opening
that allows the opposite end portion of the rotor 414 to pass therethrough. The edge
of the opening includes an annular slot 489 that is adapted to receive the opposite end
of the tube 422.

[00137] Also, the annular flange 488 is structured to enclose a lower portion of
the windings 419 and engage a lower side of the stack 421. The annular flange 488
includes one or more anchoring protrusions 493 that are adapted to engage within
corresponding holes 491 provided through the stack 421.

[00138] Thus, the flanges 474, 488 cooperate to enclose and sandwich the
stator assembly 418. In the illustrated embodiment, exterior surfaces of the flanges
474, 488 aré substantially flush with an exterior surface of the stack 421, i.e., exterior
surface of stack exposed. As described above, this arrangement allows forced-
convection cooling of the stack 421 as gas flows through the housing channel 463 in
use. _

[00139] The core housing 450 also includes a cap 495 provided to the second
housing part 454 and adapted to enclose the balance ring 498 at one end portion of the

rotor 414.
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5.1.2 Core Housing [00131]In the illustrated enbodi nent, the core housing
450 includes a first housing part 452 provided to one end of the tube 422
and a second housing part 454 provided to the opposite end of the tube 422.
[00132] As illustrated, the first housing part 452 includes a shield 472

t hat for an er wall or cutoff for the housing cha i nner
et Bf oA

annul ar and an outer annul ar flange 479 ext e shield
472. In the illustrated enbodinent, the shield 472 and inpeller 468 have a
tapered or sloped configuration along its radial |ength. However, other

sui tabl e c}smfo'u gur afi angreefativb embbdiglesk, anoripdnphnt of thacerepoasinghs) [ 00133] As
descri bed above, the shield 472 provides a narromﬁannulﬁhggﬁg 485 bet ween
4 Er

its out ermaychpenteenally flrrmed irspregpiersvithihe &beidd2.Sofr fSiratient ect gas into
t he houskﬁgxﬁ,ggﬁgk 463. [00134] The shield 472 includes an opening that
al l ows one end portion of the rotor 414 to pass therethrough. The edge of

t he openi ng includes an annular slot 484 that is adapted to receive one end
of the tube 422, [00135] Al so, the inner annular flange 474 is structured to
encl ose ar? M&portion of the windings 419 and engage an upper side of

the Stﬁ?“{ﬂd‘%g The 1hB & i U82liAdludes ANEEn Bddy 481G PEsvid¥aan @utefaR anchori ng
protrusions 490 that are adapted to engaﬁe W thin correspondln? hol es 491

provi ded fohthobgisingebasnch 463 arha lid GOIYEPTACS Brovdeditotbe By 481454 i ncl udes
a main wall, 487 an annul ar flange 488 extending fromthe main wall 487.
The najnfﬂgPﬁz%ﬁ m%ﬁgpudes an opening that allows the opposite end portion
of the rqo@r42414 t aspas shiven ai Figodghandhe, teelBAP devitdéoip epembleitmc| udes an
annul ar sl ot 489 that is adqpted to receive &Qe 8pposéte end .of  the tube
422. draw a supply of gas into the housing through an inlet 467 and provide a préssurized

flow of gas at an outlet 466. The PAP device 460 is generally cylindrical with the

inlet 467 aligned with an axis of the PAP device and the outlet 466 structured to direct

gas exiting the PAP device in a generally tangential direction.

5.3 Vibration Isolation System

[00143] The vibration isolation system 455 includes a front suspension 456 (or
front vibration isolator) to support a front portion of the core 461 and a rear
suspension 458 (or rear vibration isolator) to support a rear portion of the core 461.
The front and rear suspension 456, 458 together support the core 461 in a flexible,

vibration-isolated manner with respect to the housing 462.

5.3.1 Front Suspension

{00144) The front suspension 456 includes a plurality of biasing elements 457,
e.g., flat springs. As best shown in Fig. 5-3, each biasing element 457 includes one
end portion 457(1) provided to the outer annular flange 479 of the shield 472 of the
core 461, an opposite end portion 457(2) provided to the main body 481 of the
housing 462, and an intermediate portion 457(3) that provides a flexible structure to
isolate the core 461 from the housing 462.

[00145] In the iltustrated embodiment, the one end portion 457(1) includes a
bent configuration adapted to receive the free end of the flange 479. The opposite end

portion 457(2) includes a bent configuration adapted to engage within a slot 483
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[ 00137] Al so, the annular flange 488 is structured to enclose a | ower
portion of the w ndings 419 and engage a | ower side of the stack 421. The
annul ar flange 488 includes one or nore anchoring protrusions 493 that are
adapted to engage within correspondi ng holes 491 provided through the stack

421. [00138 TE@%%F%he fl anges 474, 488 cooperate to engbe&gﬂﬁagzﬁﬂpdmdch

the stat ol %% 418. In the illustrated enbodi nent, "exterior surfaces
of the flanges 474, 488 are substantially flush with an exterior urface of
the stack 421, i.e., exterior surface of stack exposed. As described above,

this arrapgaaEN B MawholPug EATIROREAGEdiRB peieh UBY3PTs beheintiack 421 as gas
fl ows through the housing channel 463 in use. H00139]The core housi ng 450

al so i nclagdessting erisliawgiks condighetiondo prvideadtiPlhsTIsIds® part 454 and adapt ed

to enclo bal an ' ' . 414. WO
200810512@%%?/ usz%%?%%ﬁiﬁ%&%%ﬁ%@% ‘ﬁ% :ffg?tu elimn(gc}g?%g%t , one or
porti ons 4#1 wiltdn derteusiog$6hghiddBolatyg the comntdél frai the housinghG2ne.gne piece with

t he tube 4%2. e.ﬁ t simlar to tube 322 described above. 5.2 Housing
[ 00141] ThEORHER {SRE!A62 i ncl udes a main body 481 that provides an outéer wall

for the heupdmg channeditdfiang fforh e vihdiapek ©apaylifconpleditelest éro t he main
body 481 to encl ose the core 461. [00142] Asg@lfaest shownpi n Fi 9(51) 5-1 and

5-4, the PR oféha Wesingsementuopes aBl, avige gV connected to the end portion 43
This allows the biasing elements 457 (e.g., flat springs formed of metal) to conduct

current from an external source to the windings 419. For example, Figs. 5-1 and 5-2
illustrate external source S that may be coupled to end portion 457(2) to conduct

current through the biasing element 457 and to wire W from windings 419.

5.3.2 Rear Suspension

[00148] The rear suspension 458 is in the form of a resiliently flexible nipple
459 (e.g., formed of 2 silicox-m material) having one end 459(1) provided to the cap
495 of the core housing 450 and an opposite end 459(2) provided to the main body
481 of the housing 462.

[00149] In the illustrated embodiment, the end 459(2) includes an annular
recess 497 adapted to receive the edge of an opening 499 pi‘ovidcd in the lower wall
of the main body 481. _

{00150] In use, the resiliently flexible nipple 459 support the rear portion of the
core 461 within the housing 462 while isolating the core 461 from the housing 462,

e.g., vibration isolated.

[00151] While the invention has been described in connection with what are
presently considered to be the most practical and preferred embodiments, it is to be
understood that the invention is not to be limited to the disclosed embodiments, but on
the contrary, is intended to cover various modifications and equivalent arrangements
included within the spirit and scope of the invention. Also, the various embodiments
described above may be implemented in conjunction with other embodiments, e.g.,

aspects of one embodiment may be combined with aspects of another embodiment to
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draw a supply of gas into the housing through an inlet 467 and provide a
pressurized flow of gas at an outlet 466. The PAP device 460 is generally
cylindrical with the inlet 467 aligned with an axis of the PAP device and
the outlet 466 structured to direct gas exiting the PAP device in a
generally tangential direction. 5.3 Vibration Isolatio % 143] The
vi br at i onwps%ggsé‘i:’il??ﬁ system 455 includes a front suspengF@r@%@@b 2@ front
vibration isolator) to support a front portion of the core 461 and a rear
suspensi on 458 (or rear vibration isolator) to support a rear portion of
the core 46 hdrlePbbdiARts! ©Bfihes USBR RlepdhdéGeatdra®r tegpdriRarofsupport the
core 461 r?aﬁljlgy %xﬁltrt?ﬁg’, Vi brsz_ati on-1 sol at egéhna_nner Wi th respect to the
housi ng 469 given3ssembhomey Swspieissn gAditiond smpedient Jivtheayerférdn 456
includes .a . plurality of piasin nt onsloF &t imstpidngs. As best
shown in‘i“—‘ihg‘.dugl-c@,[npéﬁ%‘ﬁog?lys%%% ag%eer njtls?r‘f?l eﬁg%mfe?g?[ Lides one end portion
457(1) preamipdfsht bParky@vaiiseimbdyinnd airidusangbinddensaf comporshisdtan 472 of the
core 461, an opposite end portijon 457(2) proviged to.the m:Ii n body 481 of
t he housiongnasegmbeginents May s Pna CEMIBT VNYASTHY FEYED f‘iﬁ‘g’r‘esp Bvi des” a
flexible tUh&e e idveRlidh iBs bRBcOgF Sphblichnopateht Wiusieafd®2. [00145] In
t he iIIUS%?%ftégdméﬁ%%gfﬁn\%ﬁ%@tﬁg o%e efpg polr'oti ogal 457(1) includes a bent
conf i gur ab$ At adapt epprecatedthel padienth avhbseiferdram other ilaePesl§ge 479. The

opposite end portion, 457( i ncl udes .a_ben onf l.qur.aft i d to engage
within a @P%?Sﬁﬁ% eanpfﬁﬁk‘ﬁeu‘ééjefcé’ If’ﬂ%lfn%t?eﬁl?ﬁ3%?/&45%“9%35?%%?@' %itagt e portion
457(3) i sjeb@Bberndhit o tHOBSHRE tdabiiingy. Nistebeaw: the kisove aedchiggs bavieon to provi de a
flexible structure. [00146] 1 n use, the biasin | epent.s 457 support the

front porappbieabaity mith patients amhnopineHens plike if GORTIRG'CA 3485 sol ating the
core 461 fromthe housing 462, e.g., vibration isolated. [00147]In
addition, wire Wfromthe w ndings 419 may be coupled to one or nore of the
bi asing el enents 457, e.g., wire Wconnected to the end portion 457(1).
This allows the biasing elenents 457 (e.g., flat springs fornmed of netal)
to conduct current froman external source to the w ndings 419. For '
exanple, Figs. 5-1 and 5-2 illustrate external source S that may be coupl ed
to end portion 457(2) to conduct current through the biasing el enment 457
and to wire Wfrom w ndi ngs 419.
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5.3.2 Rear Suspension [00148] The rear suspension 458 is in the formof a
resiliently flexible nipple 459 (e.g., forned of a silicone nmaterial)
havi ng one end 459(1) provided to the cap 495 of the core housing 450 and
an opposite end 459(2) provided to the main body 481 of the housing 462.
[00149]In the illustrated enbodi nent, the end 459(2) includes an annul ar-
recess 497 adapted to receive the edge of an opening 499 provided in the

| ower wal | t in b g¥ 481. [00150]1n use, the resiliently flexible
ni ppl e 459 s Hﬂg ISbortion of the core 461 within the housing 462
while isolating the core 461 fromthe housing 462, e.g., vibration

i solated. [00151]While the invention has been described in connection with
what are presentlly consboeshless DG mhaot, kempusingpr acti cal and preferred
enbodi ments, it is to be understood that the invention is not to be limted
to the disclosed enbodiOACEVIBAMEAbhe contrary, is intended to cover
various nodifications s3pag ShehiddsePsuforangestent s i ncl uded within the
spirit and scope of the invention. Al'so, the various enbodi ments descri bed
above may be i npl ementestatorassamblyadeptehtogonrobmheementiobdieretorsande. g. |

aspects of one enbodi may. onhi ned wi th.as ts_of another

enbodi nent to realizgﬁgg?m8¥ﬁ§§béﬁ%%ﬁﬁﬁﬁﬁ&%?ngﬁFﬁﬁé?faﬁﬁﬂﬁayﬂﬁagggndent
feature or c¢aMAEARMite@br PiioWhntdh S8&RTRLMACERhcGaAG! dstditdly provadidi t i onal
enbodi nent. Furthernore, each individual conponent of any given assenbly,

one or nor e etheerterar syrfaceef the tibgland Hiayefsnthe sragaphang ingkenbl y, and
various conhyj j . ] - fr r f t i ncl ude
one. or mor o tSuranoto ERREIRE e PO B BB AR IR B 10,
has parti culofitheaphe iicaifficiontlyompgidtienll s trspasenf foeillofw i gAic fleld ios t o be
appreci ated that patients who suffer fromother illnesses (e.g., congestive
heart faiIuE@%ﬁﬁWgﬁ@ﬂﬁgymﬁﬁﬁﬁpaﬂHHﬂ@PTV§m§gbbke, barriatric surgery, etc.)
can derive benefit fromthe above teachings. Mreover, the above teachings
have applicability with patients and non-patients alike in non-nedical
applications. WAAT | SheiddtvERcbEing to claimll, whebsin ghivl tebsisDGustoteod, of a

conpri si ng: rotor. havi nef; . . .
P 9 SIaletantla{ly non—eﬂe%tn%aﬁ?gondtu’ctwe and/or non-magnetic material.

3. The motor according to any one of claims 1-2, wherein the tube is

constructed of a substantially thermally conductive material.

4. The motor according to claim 1, wherein the tube is sufficiently

perforated to allow a magnetic field to pass through it.

5. The motor according to claim 1, wherein the bearings include

rolling element bearings, fluid bearings, and/or sleeve bearings.
6. The motor according to any one of claims 1-5, wherein the bearings

are provided along an interior surface of the tube to support the rotor within the

tube interior portion.
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a pair of bearings to support the rotor; a stator assenbly adapted to
control novenent of the rotor; and a tube provi ded between the
rotor and the stator assenbly, the tube having an interior portion and an
exterior surface, the stator assenbly provided along the exterior surface
of the tube and the rotor, the magnet and the pair of bearings provided
within the interior portion of the tube, wherein at |east a portion of the

tube is sufficiently netically transparent, tqQ allow.a nagnetjc field to
pass between the_n7rragne Qi pecadisgedy a@%@%ﬁt@@m 1-6, W@?"'“T&@W’*%?’ér_
accor di ng t QoGdiAlcidlor MR, gla%i‘?Pijﬁ&@s,'fﬁleﬁ‘m&{—&iﬁh%@fpo%%@%}a”t' all'y

non-el ectrically conductive and/ non-magnetic materi a 3. The

nmot or accor deimfpreasl polymeme of clains 1-2, wherein the tube is constructed
of a substantially thermally conductive materi al . 4. The notor
according to claim1, wherein the tube is sufficiently perforated to allow

a magnetic fieldgo pagghRtoPuEBrdihg to claim 7,5vheléIf tHEB@fingafbRAgli ng to claim
1, wherein the bearings include r.ol%i ng el enent bearings, fluid bearings,
and/ or sl eevengamidadrgstabilized zirgonighe not or according to any one of clains
1-5, wherein the bearings are provided along an interior surface of the
tube to support the rotor within the tube interior portion. 7. The

notor according t9 anyriengotef actbaiingtolclfim Weicpéin thideatitif eubleds const r uct ed
of ceram cs, glass, polyners, filled (non-conductive) polyners, or

rei nforced ponsirrstes of fiberglass, cathpm, gpb@yPnaccording to claim 7, wherein the
bearing tube is constructed of stabilized zirconia. 9. The notor
according to claim7, wherein the bearing tube is constructed of
fiberglass, carbd®, orA bnamhiess DC motor, comprising:

a rotor;

a magnet provided to the rotor;

a pair of bearings to rotatably support the rotor;

a stator assembly that at least partly surrounds the rotor and magnet
thereof, the stator assembly adapted to control movement of the rotor; and

a bearing tube having an exterior surface and an inteﬁor surface
that defines a tube interior,

wherein the stator assembly is provided along the exterior surface of
the tube and the bearings are provided along the interior surface of the tube to

support the rotor and magnet within the tube interior.

11.  The motor according to claim 10, wherein the bearings include

rolling element bearings, fluid bearings, and/or sleeve bearings.
12.  The motor according to any one of claims 10-11, wherein the tube

has at least a portion that is sufficiently magnetically transparent to allow a

magnetic field to pass between the magnet and the stator assembly.
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10. A brushless DC notor, conprising: a rotor; a magnet provided to the
rotor; a pair of bearings to rotatably support the rotor; a
stator assenbly that at |least partly surrounds the rotor and magnet

thereof, the stator assenbly adapted to control novenent of the rotor; and
a bearing tube having an exterior surface and an interior surface that
defines a tube interior, wherein the stator assenbly is provided

al ong the exteriqr surface of the tube and t beayings .are provided al ong
the interior surfldce a%etfwoﬂ?ﬁ%rdf%@@ﬁﬁém?OFﬁé‘W%{%Pﬂmr% t within the
tube i nteri Qearing tube jskebnstiRfed BHaAubAGHRA Y -l QuFdaity BodduictivB 8hEbLP t he

beari ngs i nclude ro?llng el ement bearings, fluid bearings, and/or sl eeve
beari ngs. non-mdpReticfmatensl.or according to any one of clains 10-11, wherein
the tube has at least a portion that is sufficiently magnetically
transparent to allow a magnetic field to pass between the magnet and the

stator assembly. 14,  The motdBaccdiigngolaal ons 6OEIinROI 0-03 aer8A theube | ai ms
10-12, wherein the bearing tube is constructed of a substantially

non- el ect ri datdnptredediota theemalhogondueibre-metgmdt i ¢ nateri al . 14. The
notor according to any one of clains 10-13, wherein the tube is constructed
of a thermally conductive material. 15. The notor according to any

one of clains 10-134, wheneitor ddserdinge dngons uf Elahel(-14, wiagsa thombe y
transparent properties to allow a magnetic field_ to pass between the magnet
and t he st atas suffsienthy jragnetically transparent properties to allow a magnetic field to

pass between the magnet and the stator assembly.

16.  The motor according to claim 15, wherein the tube is sufficiently

perforated to allow a magnetic field to pass through it.

17. The motor according to any one of claims 10-16, wherein the
bearing tube is constructed of ceramics, glass, polymers, filled (non-conductive)

polymers, or reinforced polymers.

18.  The motor according to claim 17, wherein the bearing tube is

constructed of stabilized zirconia.

19.  The motor according to claim 17, wherein the bearing tube is

constructed of fiberglass, carbon, or boron.

20.  The motor according to any one of claims 10-19, wherein the stator
assembly is provided to a center portion of the tube along the exterior surface, and
the bearings are provided to respective end portions of the tube along the interior

surface.

21.  The motor according to any one of claims 10-20, wherein the rotor

and magnet are positioned between the bearings.
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16. The nmotor according to claim 15, wherein the tube is sufficiently
perforated to allow a nagnetic field to pass through it. 17. The

not or according to any one of clainms 10-16, wherein the bearing tube is
constructed of ceramcs, glass, polyners, filled (non-conductive) polyners,

or reinforced pol yners. 18. The notor according to claim17, wherein
the bearing tube is constructed of stabilized zirconia. 19. The notor
according to claim 17, wherein the bearing tube is constructed of
fiberglass, carbon, or boron. 20. The notor according to any one of

clai ms 10- 19, whghei N e sibAldbrd GRRSEHRY Bnb B¢ PR KR8 hcheif O Bfio0" L] 0N

of the tube along the exterior su earings are provided to
respective asgmbdy irichidss windings, 4 stbeer atondedith ¢hd windimgsy andionk ac enore 21.

The notor accordin one of clains erei.n the rotor and

magnet are b‘b%l[ 3918 E‘B’l‘i?gt%‘&??nttﬁ WH&ﬁ?gsr‘F&éQhe fator lﬁﬁ“ﬂ&?ﬁlée PO Recor di ng

to any one 10-21, wherein the stator assenbly includes w ndi ngs,
e WiriEs.

a stator provided to the wi ndings, and one or nore insulators provided
bet ween the wi ndings and the stator to insul ate the stator fromthe

wi ndi ngs. not,or ac ording to a further
conprising a bi aégng gf%&%%?rapﬁg% %tg agg gf]f“q Wil Om mmg t he
bearings.  abiasirdfelenhf pidN@éd mﬁeérahematgﬁemnaldﬂbasthefwaﬁﬁ@r cormrl sing a
spacer provi ded between the magnet and the other of the bearings. 25.

The nmotor according to any one of clainms 10-24, wherein the bearings are
substantially theg,sa i -d] ny one of

cl ai nms 10- 24, vvh?ﬁel ﬁhﬁ n%cﬁféraaﬁc%rdéné% dagg’fe%?’grﬂ%rﬁ{erm zgléghg%% ﬁot or
according t@r@du@edrbaxﬁeemheﬁagﬂet@ndtlﬁmthafoftthmbéauihgs.i ncludes a first surface
adapted to support a first bearing and an opposite end of the tube includes
a second surface adapted to support a second bearing having a smaller size
than the first beari ngwye mot Srdin) LR oREIGRET] N84 L& ligip@ 27, wherein
t he tube i ncl ude?ga sl oSén grua}%acé ér}%t%en ?ﬁe lﬁl:irst avgnselcond surfaces
adapt ed to ¢eardiestahesubstaotialybthasamesizet 0 t he second surface.

26.  The motor according to any one of claims 10-24, wherein the

bearings are different sizes.

27 The motor according to claim 26, wherein one end of the tube
includes a first surface adapted to support a first bearing and an opposite end of the
tube includes a second surface adapted to support a second bearing having a

smaller size than the first bearing.
28.  The motor according to claim 27, wherein the tube includes a
sloped surface between the first and second surfaces adapted to guide the second

bearing into the second surface.

29.  The motor according to any one of claims 10-28, wherein the tube

includes tapered flange portions adapted to provide snap-in bearing retention.

30. A brushless DC motor, comprising:
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29. The notor according to any one of clains 10-28, wherein the tube

i ncl udes tapered flange portions adapted to provide snap-in bearing
retention. 30.A brushless DC notor, conprising: a magnetic rotor
rotatably supported between a pair of bearings; a stator assenbly
surrounding the rotor and adapted to control novenent of the rotor; and

a tube between the rotor and the stator assenbly and structured to retain

the bearings and rotor within an int eqr%or of épe t ube, Ih? t upe having at
| east a portion that iAV&Wee EQterFotaiatly syRported Pty eeR 3 RaB of BFTNES al | ow a

magnetic field to pass hgbMReOBIHRuABENELd Ge t@bPinPRfApidt0 Sb@FAQr assenbly.

31. The notor according to clain 30, wherein the tube 1s constructed of a
subst ant i al Inyoveaenedigbe ratalahg conducti ve and/ or non-nagnetic material .

32. The notor accordin ny one of clains, 30-31 erein the tube is
constructed of " subsCaRbT REMEEr HEFHAr Py CERU e vE e fchied k70 53
The notor age@inthéBedrgdB¥d RAG Withiflad i#AEriSbi3Re tubbahe hibetHaGink WPRabtS
sufficiently perforateg to allow a magnetic field to pass through it.

34. A PAP deoerttm thefris giieieatly mgsaetipay trgnsprrast tostllow 2 sagagis fiedd e provi ded
to a patient_for. tr nt he, PAP.dev]j c I,.Si ng: a housi ng;

a bl ower pr 5’\??@%83&?‘%%‘%%31%#5% rﬁ&o,r ?%gi%ﬁt%%arsg%g@ﬁam e to provide a
pressurized fl ow of gas at an outlet, wherein the bl ower
includes at |east _one_inpeller and a notor_according to any one of clains

1-33 to drive thélat ITdgdrotanccpigieg fogglaim 30, wherepmthetpke isgpngiigted ©f

according t I k i : . | udes at | east one
end porti onQj‘asgie)l%lfugeﬂ(?%?)(%1 © e%ccgjllj%}lgg&tl%&%lﬁée a]?é/n%lte ellrﬁ.géﬁ’m n'i%ﬁérg% The PAP
device according to claim35, wherein the rotor includes a shaft having
DDOS T 1 NPT NS e o hech Y o hef it o i IS Gelh R o T 2

is constructed of a substantially thermally conductive material.

33.  The motor according to any one of claims 30-32, wherein the tube

is sufficiently perforated to allow a magnetic field to pass through it.

34. A PAP device for generating a supply of pressurized gas to be
provided to a patient for treatment, the PAP device comprising:
a housing;
a blower provided to the housing, the blower operable to provide a
pressurized flow of gas at an outlet,
wherein the blower includes at least one impeller and a motor

according to any one of claims 1-33 to drive the at least one impeller.

35.  The PAP device according to claim 34, wherein the rotor of the

motor includes at least one end portion adapted to be coupled to the impeller.
36.  The PAP device according to claim 35, wherein the rotor includes a

shaft having opposing end portions, each of the end portions adapted to be coupled

to an impeller.
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37. The PAP device according to any one of clains 34-36, wherein the bl ower
is constructed to deliver pressurized gas in the range of 4-28 cnH20.
38. The PAP device according to any one of clains 34-37, wherein the bl ower
is constructed to deliver pressurized gas suitable for CPAP or NEPPV

treat ment. 39. The PAP device according to any one of clains 34-38,
wherei n the housing defines a plenum chanber. 40. The PAP device
according to claim 39, wherein the tube includes a shield adapted to form
an upper wall or cutoff for the plenum chanber. 41. The PAP device

according to cl aiyn 40, hi; i IhS ol Sor i1 ne- pi ece
£ T%@T?Eﬁﬂ&léé‘%ﬁﬂh@ & dn§ ogebﬁaaﬁhé 34-56) ih D)

with the tube. 42. e PAP device according to any one of clains

40- 41, wher dilowdrhiecsisirettdd pr delivdepressunized gas igdle laegeeeh 28 coth(X er edge and
t he housing to direct gas into the plenum chanber. 43. The PAP device
according to any one of clainms 40-42 wherein the shield includes one or
nore tabs that arg, recgieeth H&iECRREMNAND bk Ohs oPEIgMhSIRAZ T Rviidién Ry Ng.
44. The PAP device according to any one of clains 40-43, wherein the shield
i ncl udes a fhlower inponstracted tade)eenprgssunieed sassiuitable fen CRRE oaNdBRYNnd annul ar
flange, the first and second annul ar fl anges cooperating to encl ose

wi ndi ngs of t{eﬁé—“eé][t'ator assenbly and engage opposing sides of a stator of
the stator assenbly. 45. The PAP device according to claim 44,
wherein each of the first and second annul ar flangle_s i ncl ude one or nore
anchori ng pr ot r usi%ns TRgdiRdevies aceombing wiangione eb¢labanithdd ehsmendse provi ded
t hrough the r AP devi ce according to any one of clains
44- 45, V\herehl%hgibg(eie%?egta rlerll nc %- ese?'an exterior surface exposed to the

pl enum chanber so that gas passing through the plenum chanber in use all ows
f or ced- conventi on cool i n% of the stator. 47. The PAP de\é]iélae accordi ng

to any one of cl &0 AhedNP %@?%%OWW&%W=W#8T%@§%W@ ¥fit¥fy adapt ed
to receive %ﬂje?d"&ha‘ﬂ{edttb??rgﬂgél?%per wall of'%uto}_ﬂ%r PRPIGRY 8RinftfeeOr ding to claim

47, wherein one or nore e provided al ong“an edge of the opening
adapted to engage within respective openings provided in the end of the

t ube. 49. The P vice .according to.any one of .cl ai ns. 34-48,
wherei n the inpelier ﬁﬁ@&ﬁ%‘%ge‘ﬂc“’p‘f‘i‘}?%n?ggv Cifflmc%onﬁhﬁ{f:%ae ﬁbei}f{ﬁed or
strai ght bl 3gRsH3TsMINE dnbpidseenthandaive. of di sk-1ike shrouds. 50.
The PAP device according to any one of clains 34-49, further conprising a

bal ance ring provided to an end portion of the rotor opposite the inpeller.
42.  The PAP device according to any one of claims 40-41, wherein the

shield provides a narrow gap between its outer edge and the housing to direct gas

into the plenum chamber.

43. The PAP device according to any one of claims 40-42 wherein the
shield includes one or more tabs that are received in respective slots provided in

the housing.

44,  The PAP device according to any one of claims 40-43, wherein the
shield includes a first annular flange and the housing includes a second annular
flange, the first and second annular flanges cooperating to enclose windings of the

stator assembly and engage opposing sides of a stator of the stator assembly.
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51. The PAP device according to any one of clains 34-50, wherein the
housi ng, the tube, the inpeller, and/or an end cap of the housing are

nol ded parts. 52. The PAP device according to any one of clains
34-50, wherein the housing, the tube, the inpeller, and an end cap of the
housi ng are nol ded parts. 53. The PAP device according to any one

of clains 51-52, wherein the nolded parts are plastic nol ded parts.

54. The PAP device accgordi to claim 34, wherein_ the bl ri,s supported
wi thin the housi 4. bycfg{eg‘ﬁgg%?‘ﬁl%ﬁ% g 1P STy gh?fe_meacg\g?ﬁl?‘fr AP
devi ce accordigig JhBuGt fhdBes thellBRe 'of‘n{oli‘@aﬂdhgﬁﬁ’%g&&uhi%ﬁé @&@% tgystem

i ncludes a front suspension to support a front rtion of the blower and a
rear suspensigagetvailsuppoespoadingholeppravided thifough thetskabover . 56. The PAP
devi ce according to claimb55, wherein the front suspension includes a

plurality of biasing el enents. 57. The PAP device according to claim

56, wherein each 4gi asihg p{reg@ide dcoldihg t0@nl Oh8LPElains 44845 Sillekdiithe 58.
The PAP device according to any one of c¢lains 56-57, wherein the biasing

el ement s ar staterrindudgsad exterion pyrbice expesef io e phovum Srmber shibabgaswer wi t hi n

t he housi ng _whi.l e,i so i he, bl pwer fr hqusing.. . 5 The PAP
devi ce accorpﬁissﬁrbg Ou§h3ﬁ %ﬂgnﬁgp%% alﬁ)?{smg%ff @g%"&s\l;\%recre g'icﬁméeglgo%rc 0?}Il)nrgeogfof t he

bi asi ng el enehdistor € coupl ed to wi ndings of the stator assenbly to conduct
current froman external source to the w ndings. 60. The PAP device
according to any one of clainms 55-59, wherein the rear suspension is in the

formof a resiligrptlyhl.exi -0J : PAP. | cor di ng
to cl ai m 60, vvher%gi n tﬁ%lg?rﬁfg%%é&: agﬁér?}nrgetg aF Ogég{‘%ilgl{g%sn@ ?rééme?%?a&

62. The PAP hdasihg mchries s opgnitadapiedan eecefveahandwf G@-tols. wherei n t he ni ppl e
is structured to support the rear portion of the blower w thin the housing

whil e isolating the blower fromthe housing. 63. A PAP device for

generating a Suppky OFTHRIPAISHLiGEM!SAMd B REmAOWhEREh &R & MakkgRt for
treatnment, the PAP device conpri sing:
are provided along an edge of the opening adapted to engage within respective

openings provided in the end of the tube.

49.  The PAP device according to any one of claims 34-48, wherein the
impeller includes a plurality of continuously curved or straight blades sandwiched

between a pair of disk-like shrouds.
50.  The PAP device according to any one of claims 34-49, further
comprising a balance ring provided to an end portion of the rotor opposite the

impeller.

51.  The PAP device according to any one of claims 34-50, wherein the

housing, the tube, the impeller, and/or an end cap of the housing are molded parts.

52. The PAP device according to any one of claims 34-50, wherein the
housing, the tube, the impeller, and an end cap of the housing are molded parts.
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a housing; a core including a notor and at | east one inpeller; and

a vibration isolation systemto support the core within the housing in a
flexible, vibration-isolated manner, the vibration isolation system
including a front suspension to support a front portion of the core and a
rear suspension to support a rear portion of the core, wherein the front
suspension includes a plurality of biasing elenents connected between the

housi ng and a stationary ion of the notor. . 64. The PAP device
according to cl ai es,althml’gﬁoﬁﬁwmow%ﬁowmHéf#mséli-ﬁ%t 9BME of a
flat spring.,el 1 PABIAEwLGE according to any one of clains 63-64,
wherein the rﬁ? ggﬁl%&gﬁé@%

nts are structured to support the front portion of
the core within the housing while isolating the core fromthe housing.

66. The PAP devi ce accqr dj to an ne of .cl aj 63- 65, erein one or
more of the biasitg ef@’r‘?@hﬁgdﬁ‘?‘é‘a %%B%‘Il%tot%a%a%%ﬁ'ﬁ?“bg‘e \{\Q‘Y‘?{t‘%r assenbl y

to conduct GuppQRHd WittaARhdRsingbal visaHbE Rolabioh Restwhndi ngs. 67. The
PAP devi ce according to any one of clains 63-66, wherein the rear
suspension is in the formof a resiliently flexible nipple. 68. The

PAP devi ce accor g L, ) &b MLAL o GEel b b0 O RALRA 8 RbEg, Of 2

silicone material". evice according to any one of

cl ai ms 67- 68goludier Sitnt includePPirent sissenkio o kgihotta Befportiontofehd ear portion
of the core within the housing while isolating the core fromthe housing.
70. A br ushlbew¥emaed ggeysusReaMon iie FERport rﬁértwr;gon oftheblower. 5 stator assenbly
surroundi ng the rotor and adapted to control novenent of the rotor;

a support structure to support the rotor and the stator assenbly in an
operative positi d® ant@hePAP device acardinptatlamnShsehatinaie &yt em provi ded to

t he support structure and adapted to support the support structure wthin a
housi ng i n SUFRBRIPRIREIUAES /P ROy O SR

57.  The PAP device according to claim 56, wherein each biasing

element is in the form of a flat spring.

58.  The PAP device according to any one of claims 56-57, wherein the
biasing elements are structured to support the front portion of the blower within the

housing while isolating the blower from the housing.
59.  The PAP device according to any one of claims 56-58, wherein one
or more of the biasing elements are coupled to windings of the stator assembly to

conduct current from an external source to the windings.

60.  The PAP device according to any one of claims 55-59, wherein the

rear suspension is in the form of a resiliently flexible nipple.

61.  The PAP device according to claim 60, wherein the nipple is

formed of a silicone material.
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71. The notor according to claim 70, wherein the support structure includes
a tube. 72. The notor according to any one of clains 70-71, wherein
the vibration isolation systemis coupled to wi ndings of the stator
assenbly to conduct current froman external source to the w ndings.

73. A nethod for manufacturing a notor, conprising: formng a
tube having at least a portion that is sufficiently magnetically
transparent to allow a_nma neﬁ@lic fiel g,to pass th (iu,gh it; providing a
magnetic rotor t&2an iThedAiodevissracrerdingsto @Ry opg pclais0-61, wherein thep oy di ng

a stator as ?ﬁﬁ% ?grs?:rﬂctﬁﬂ:decé rsﬁ‘ﬁﬂf?iﬂ’thg ?f%r% %Jﬁlgigﬁfof rtltb%l&%@xewftﬁn(iﬁ’é"ﬁ&ﬁingmv ement of

t he magneti according to claim 73, wherein

t he for m ng whikufrdatinpcthe tlesver (om thg hausingpe from a non-el ectrically
conductive and/or non-magnetic material. 75. A nethod according to
any one of clainms 73-74, wherein the formng a tube includes formng a tube

froma substantighly tﬁb?AT“%i_eWe%i‘E}:H@Eaﬁﬁ§a@§ﬁ;ﬁ¥ Eﬁbr]-cessuﬂ_zed gdGo b& Net hod
- n e

according to any one of clains 73-75, wherei orm ng a tube includes
form ng a t pbeviditorgatientfor weatineatn thedtAhdeded emiprsvigerti es that are
sufficiently magnetically transparent to allow a magnetic field to pass

t hrough it 77. &l}%ﬁlﬁéﬁ according to claim76, wherein the formng a

tube includes form ng aaotdineliidiiata mstos bhd hideanbhyingRiltgraded to allow a
magnetic field to pass through it. 78. A rotor supporting structure,

conprising: at |east @ridbigtion isalgtiongydem tpenprehacpipradin behoppest a
bear i Ng; and, , qexiple, vipratfbr2bhlcfinhbY oPAIBAHLA Noldich ISR AR L1 0N tO
all ow a magnefllc iel 0 pass through it

front suspension to support a front portion of the core and a rear suspension to

support a rear portion of the core, wherein the front suspension includes a plurality

of biasing elements connected between the housing and a stationary portion of the

motor.

64.  The PAP device according to claim 63, wherein each biasing

element is in the form of a flat spring.

65.  The PAP device according to any one of claims 63-64, wherein the
biasing elements are structured to support the front portion of the core within the

housing while isolating the core from the housing.
66.  The PAP device according to any one of claims 63-65, wherein one
or more of the biasing elements are coupled to windings of a stator assembly to

conduct current from an external source to the windings.

67.  The PAP device according to any one of claims 63-66, wherein the

rear suspension is in the form of a resiliently flexible nipple.

68.  The PAP device according to claim 67, wherein the nipple is

formed of a silicone material.
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79. A rotor supporting structure according to claim 78, wherein the tube is
manuf actured fromsufficiently magnetically transparent material to allow a
magnetic field to pass through it.

69.  The PAP device according to any one of claims 67-68, wherein the
nipple is structured to support the rear portion of the core within the housing while

isolating the core from the housing.

70. A brushless DC motor, comprising:

a rotor;

a stator assembly surrounding the rotor and adapted to control
movement of the rotor;

a support structure to support the rotor and the stator assembly in an
operative position; and

a vibration isolation system provided to the support structure and
adapted to support the support structure within a housing in a flexible, vibration-

isolated manner.

71.  The motor according to claim 70, wherein the support structure

includes a tube.

72.  The motor according to any one of claims 70-71, wherein the
vibration isolation system is coupled to windings of the stator assembly to conduct

current from an external source to the windings.

73. A method for manufacturing a motor, comprising:
forming a tube having at least a portion that is sufficiently
magnetically transparent to allow a magnetic field to pass through it;
providing a magnetic rotor to an interior portion of the tube; and
providing a stator assembly to an exterior portion of the tube to

control movement of the magnetic rotor.
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74. A method according to claim 73, wherein the forming a tube
includes forming a tube from a non-electrically conductive and/or non-magnetic

material.

75. A method according to any one of claims 73-74, wherein the
forming a tube includes forming a tube from a substantially thermally conductive

material.

- 76. A method according to any one of claims 73-75, wherein the
forming a tube includes forming a tube having structural and/or material properties
that are sufficiently magnetically transparent to allow a magnetic field to pass
through it.

77. A method according to claim 76, wherein the forming a tube
includes forming a tube that is sufficiently perforated to allow a magnetic field to
pass through it.

78. A rotor supporting structure, comprising:
at least one bearing support portion adapted to support a bearing;
and
a sufficiently magnetically transparent portion to allow a magnetic

field to pass through it.
79. A rotor supporting structure according to claim 78, wherein the tube

is manufactured from sufficiently magnetically transparent material to allow a

magnetic field to pass through it.
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