(12) (19) (CA) Brevet-Patent

OPIC CIPO
OFFICE DE LA PROPRIETE B AN CANADIAN INTELLECTUAL
INTELLECTUELLE DU (CANADA "1)\ PROPERTY OFFICE (11) (21) (C) 2,0 12,247
22) 1990/03/15
43) 1990/11/30
(72) Harms, Harold B., US 45)  2000/02/22

(72) Erdman, David M., US
(73) GENERAL ELECTRIC COMPANY, US

51) Int.C1.°> HO2K 9/06. HO2K 7/14

30) 1989/05/30 (358,171) US

54) BLOC DE VENTILATEUR COLOIDES AVEC MOTEUR A
COMMUTATION ELECTRONIQUE ET MONTAGE
STATIONNAIRE ET PIVOTABLE

(54) AXIAL FLOW FAN INTEGRAL WITH ELECTRONICALLY
COMMUTATED MOTOR AND ROTATABLE AND
STATIONARY ASSEMBLIES THEREFOR

fog—
166 %140 O 38 ?
- \\
i04-F5 71V 110 132-—X.104 77 -152
D / (2 N l_._
A e 190 (1] N\\\\\SN ENYEN
d“4£ 110 168 ' ‘QQ 158
108
170 134 ONId€e 13248 34
l158 - ~175 < 102
O - i
U3-T4—"1 152 | - - 7 - 160
208 V7 ANESS 175 0 YR
: % 4.7 \|56 | 1GSC \\
o2 177 LoV
72 7
— 182 | —
W‘ TIIIIIIL,
174 = 7 180 | 24
i |

(57) A fan motor assembly provides axial air flow. A rotatable assembly including a substantially cylindric central
portion supported for rotation about an axis coaxial with said central portion. The central portion has at least one
permanent magnet element which rotates about the axis as the central portion rotates. The rotatable assembly further
includes fan blades on an annular wall of the central portion and extending radially outwardly from the central portion.
The annular wall and the central portion form an annular channel. The blades axially move air which 1s located about
the outer periphery of the rotatable assembly as the rotatable assembly rotates. A stationary assembly includes a
support for supporting a annular core having an central opening therein adapted to receive the central portion and
having a plurality of winding stages thereon 1n magnetic coupling relation with the permanent magnet element and
adapted to be electrically energized to generate an electromagnetic field, the core adapted to be recerved within the
annular channel of the rotatable assembly. The stationary assembly includes a bearing. centrally located on the support.
for supporting the rotatable assembly for rotation about the axis.
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A fan motor assembly provides axial air flow. A
rotatable assembly including a substantially cylindric cen-
tral portion supported for rotation about an axis coaxial
with said central portion. The central portion has at
least one permanent magnet element which rotates about the
axis as the central portion rotates. The rotatable assem-
bly further includes fan blades on an annular wall of the
central portion and extending radially outwardly from the
central portion. The annular wall and the central portion
form an annular channel. The blades axially move air which
is located about the ocuter periphery of the rotatable
assembly as the rotatable assembly rotates. A stationary
assembly includes a support for supporting a annular core
having an central opening therein adapted to receive the
central portion and having a plurality of winding stages
thereon in magnetic coupling relation with the permanent
magnet element and aﬁapted'to be electrically energized to
generate an electromagnetic field, the core adapted to be
received within the annular,channel of the rotatable

;assembly. The stationary assemb1y includes a bearing,

centrally located on the support, for supporting the
rotatable assembly for rotation about the axis.
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machines that utilize electronic commutation means and,

more particularly, such machines integral with an apparatus
to be driven such as a fan.

Electronically COmmutated motors have been used
to drive varlous types of apparatus, such as fans, by .
directly or indirectly coupling a shaft extending from the
rotor assembly of the motor to .the drive shaft of the fan.
Although such motors are typically combined with the fan to
provide a 51ngle assembly,.such motoxs have not been inte-

-grated to the extent that the rotatable and statlonary
; assemb11as are saparata,.zntegral units of synthetic mate-

rial formed around ferromagnetlc components. Therefore,

' such motors are costly to manufacture and assemble.

| | Furthermore; the control czrcultry requlred to
electronlcally commutate a brushless DC motor is typically

7mounted ramote from tha motor or in proximity to the exte-
~rior of the rotatable assembly to permit cooling of the
'control 01rcu1try Such mountlng reaults in an added cost

, to the motor and can cause an 1ncrease 1n the assembly time
} 1;.;3Lthareby rasultlng in addltlonal cost.

Among tha several objects of the 1nvent10n may be

noted the prov151on of a new and 1mprovad 1ntegral
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electronically commutated axial flow fan motor for use in
axially moving air, such as the air within the housing of
an electronic apparatus, to cool an apparatus; the provi-
sion of such an integral axial flow fan motor which can be
manufactured inexpensively and can be quickly and effi-
ciently assembled; the provision of an integral axial flow,
permanent magnet, electronically commutated motor driven

at a low noise level; the provision of an integral fan
motor for use as part of a system which will circulate air
necessary to maintain the fan and system operating tempera-
ture within a specified range; the provision of such an
integral fan/motor for cooling systems which is economical
in cost, reliable in operation and which has reduced
replacement cost.

In general, in one form of the invention, a sta-
tionary assembly includes an annular core having a central
opening therein and having a plurality of winding stages
thereon. The stationary assembly includes means for sup-
porting a rotatable assembly for rotation about an axis
coaﬁialwith the central opéning. The winding stages are
adapted to be electrically energized to generate an electro-

‘magnetic field for rotating a rotatable assembly about the
axis. The rotatable assembly includes a substantially

- cylindric central portion adapted to be received within the

central opening and supported for rotation about an axis
coaxial with the central opening. The central portion has
at least one permanent magnet element which rotates about
the axis as the central'portidn rotates. The element is in

- magnetic coupling relation with the winding stages. The
- rotatable assembly further includes a blade assembly on the

'central portion and extending radially therefrom. The
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blade assembly is spaced radially outwardly from the cen-
tral portion. The blade assembly and the central portion
define therebetween an annular recess for receiving the
annular core. The blade assembly is adapted to axially
move alr which is located about the outer periphery of the
rotatable assembly as the rotatable assembly rotates.

These as well as other objects and advantageous

features will be in part apparent and in part pointed out
hereinafter.

Figure 1 is an axial cross-sectional diagram of
one preferred embodiment of a fan motor of the invention:

Figure 2 is a cross-sectional diagram transverse
to the axis of the fan motor embodiment of Figure 1 taken
along lines 2--2; '

‘Figure 3 is an axial cross-sectional view of

'another embodiment of a fan motor of the 1nvent10n‘ and

Flgure 4 is a cross- sectzenal view transverse to
the axis of the fan motor embodiment of Figure 3 taken

.along llnes 4 wad .

Correspondlng reference characters indicate

correspondlng parts throughout the several views of the
drawings. ‘

. . . . -2 - . n Y < '
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| Referrlng to Flgures 1l and 2, one embodiment of a

fan.motor assembly according to the 1nventlon is 111us-.
'trated As shown in Figure 1, reference character 100

generally refers to the rotatable assembly of the fan motor

~and reference character 150 generally refers to the sta-

tionary assembly of the fan motor. Rotatable assembly 100
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includes a substantially cylindric central portion 102
received within and coaxial with central opening 158 of
stationary assembly 150 and supported by shaft 112 for
rotation about axis 106 coaxial with the central opening
158. Central portion 102 has at least one permanent magnet
element 104 centrally located therein. Element 104 is
positioned to rotate symmetrically about the axis of rota-
tion 106 of the rotatable assembly 100 as the central
portion 102 rotates. Element 104 is in magnetic coupling
relation with winding stages of stationary assembly 1590.
Central portion 102 comprises a relatively thin,
nonferromagnetic, support disk 108 having a centrally
located, axial bore 110 therein for receiving shaft 112
which supports portion 102 for rotation about axis 106.
Shaft 112 is journaled for rotation in and supported by
bearing 170. Shaft 112 constitutes means, centrally
located on support wall 154 of stationary assembly 150, for
supporting the rotatable assembly 100 for rotation about
axis 106 coaxial with central,opening'lsa. Central portion
102 also includes a hub 113 having a.relatively-thin, non-
ferromagnetic top disk 114 coaxial with support disk 108

.and,substantially parallel thereto-and having a peripheral
'-portion 116'of reduced thickness. The diameter D of top

disk 114 is greater than the dlameter d of the hub 113 and
support dlsk 108 so that the perlpheral portion 116 extends
radially outwardly from top disk 114 beyond the outer
peripheral surface 120 of hub 113. The outer end of

peripheral portion 116 terminates in an annular wall 118
-substantially perpendicular to top disk 114 and extending
 lateral1y toward support disk 108 coaxlal w1th hub 113.

Annular wall 118 and the outer peripheral surface 120 of

'-central portion 102 define an annular recess 122 within

' 'rctatable'aSSembly 100 for receiving a cylindrical core 152
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of stationary assembly 150. Integral helical blades 124
extend radially outwardly from annular wall 118. Blades
124 are positioned laterally on an outer surface of the
annular wall 118 and are circumferentially spaced at
regular intervals about the annular wall 118.

Referring to Figure 2, cylindric central portion
102 comprises first and second ferromagnetic, hemi-
cylindric members 126, 128 having permanent magnet element
104 therebetween. First hemi~cylindric member 126 has an
inner, substantially planar, peripheral surface 132 abut-
ting against‘the north pole of permanent magnet element 104
and a curved, hemi-cylindric outer peripheral surface 134
forming a portion of the outer surface of hub 113. Due to
the proximity Of member 126 to permanent magnet element
104, inner surface 132 of member 126 has a south polarity
resulting in outer surface 134 of member 126 having a north
polarity. Similarly, second'member 128 has an inner, sub-
stantially planar peripheral surface 136 abutting against
the south pole of permanent magnet element 104 and a
curved, hemiucylindric_outer peripheral surface 138 forming
a portion of the outer surface of hub 113. Due to the

‘-proximity'of member 128 to permanent magnet element 104,
-_1nner surface 136 of member 128 has a north polarity
resulting in outer surface 138 of member 128 having a south

polarity. Permanent magnet element 104 is a rectangu101d
having-substantially rectangular sides and is located
between columnar supports 140 and 142 which interconnect
the-top disk 114 with support disk 108. Each columnar
support has a substantlally rectangular transverse Cross-

-sect:en with three planar szdes facing members 126, 128 and

element 104 and a curved side facing central opening 158

_and form&ng a portlon of the outer surface of hub 113.

Statlonary assembly 150 includes means for sup~

,iperting in the form of a relatively thin, planar support
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wall 154 in the shape of a disk coaxlaffbgmﬁgﬂ s 106 and
having an outer annular wall 156 coaxial with axis 106 and
integral with and perpendicular to support wall 154 for
supporting annular core 152 coaxial with axis 106. Core
152 has coaxial central opening 158 therein defined by a
plurality of inwardly, radially projecting teeth 160 having
faces 162 which form a surface defining central opening
158. Slots 164 are located between adjacent teeth 160 so
that a plurality of winding stages 184 may be wound around
teeth 160 in magnetic coupling relation to permanent magnet
element 104. Winding stages 184 are adapted to be electri-
cally energized to generate an electromagnetic field for
rotating rotatable assembly 100 about axis 106.

Support wall 154 also includes an inner annular
wall 166 concentric with outer annular wall 156 and coaxial
with axis 106. Inner annular wall 166 is integral with and
perpendicular to support wall 154 and defines a central
opening 168 for receiving bearing 170 which supports shaft
112. .

Radial support members 172 laterally extend from

- the outer periphery of outer annular wall 156 at regularly

spaced intervals around the wall to support cylindrical
casing 174 coaxial with both the rotatable assembly 100 and
the stationary assembly 150. Stationary assembly 150 also

includes control means, such as a toroidal printed wire

board 176, located within an annular recess 175 defined
between the inner and outer annular walls 156 and 165. Com-
ponent board 176 is connected to the winding stages of core

152 via wires 177 and is also positioned between support

wall 154 of statlonary assembly 150 and central portion 102

power source (not shown) and applies a voltage to one or

‘ more of the winding Stages.at-a time and commutates the

winding stages in a preselected sequence to rotate the
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rotatable assembly 100 about axis 106. Rotatable assembly
100 may rotate in either direction depending on the direc-
tion of pitch of helical blades 124 and the desired direc-
tion of air flow. For example, if rotatable assembly 100
rotates in a clockwise direction as indicated by arrows 180
in Figure 2, axial airflow is provided through cylindrical
housing 174 in the direction as indicateg by arrows 182 in
Figure 1. As helical blades 124 rotate, the blades force
air from rotatable assembly 100 toward stationary assembly
150 to move air through cylindrical casing 174.

Fans according to the invention which are
employed to cool electrical equipment such as video display
terminals generally have very low power consumption and,
therefore, generate very little heat. Accordingly, dissi-
pation of heat generated by the coil 152 and/or by the
components on board 176 is unnecessary. In fans according
to the invention which have high power consumption or other-
wise generate heat, several options are available to alle-
viate_increased temperatures of the coil and/or the compo-
nents of the board. The statlonary assembly 150 may be

made of heat conductive materzal 30 that air moving over

the stator as a result of rotation of the rotatable assem-
bly 100 will cool the stationary assembly. In order to
conduct heat away from stator 150, one or more heat conduc-
tive,'radially outwardly projecting, heat dissipating fins
190 may be pOsitioned on the outer periphery of outer annu-
lar wall 156. The air flow, 1ndxcated by arrow 182, moving

 _ over the fins caused by the rotation of helical blades 124

R tends to cool the fins 190 to reduce any heat build up in

the'stationary'aSSembly 150. 1In addition, fins 190 may be

‘attached to or integral with radial support members 172.
- In addition, fins 190 may extend radially outwardly and

~attach to or be 1ntegral with the cylindrical ca51ng 174 to

support the casing in place.
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Furthermore, one or more rotary fins 192 may be
positioned on the outer periphery of hub 113 to circulate
alr located between stationary assembly 150 and rotatable
assembly 100 and to move air over board 176. Fins 192
extend radially outwardly and are located between the coil
152 and the printed wire board 176 so that movement of the
fin simultaneously moves the ambient air about the coil and
the ambient air about the board. In addition, one or more
radial apertures 194 may be located within outer annular
wall 156 to permit air flow therethrough. In addition, one
or more axial apertures 196 may be located within the cen-
tral cylindrical portion 102 to permit air flow there-
through. These apertures permit air to flow over the board
176 to cool its components.

In one preferred embodiment, all portions of the
rotatable assembly other than ferromagnetic members 126,
128 and permanent magnet element 104 are nonferromagnetic.
For example, support disk 108, columnar supports 140, 142,
top disk 114, edge portion 116, annular wall 118 and

‘helical blades 124 are comprised of an integral, unitary
'(one-piece) structure made of plastic or other synthetic

resin. 'Optionally,_it 1s contemplated that all portions of
stationary assembly 150, except for toroidal printed wire
board 176, annular core 152 and winding stage 184 be com-
prised of an integral, one-piece structure of synthetic
resin so that the fan motor.assembly according to the
invention.COnstitutes a low-cost, light-weight structure.
First ferromégnetic.hemimcylindric member 126 is

 _maghetica11Y polarized by the north pole of permanent mag-

net element 104 resulting in the first inner peripheral

edge surface 132 being magnetically polarized as a south

polefattracted to the north pole of element 104. This, in

turn, magnetically orders member 126 to result in the first
| outer.peripheral edge surface 134 of first member 126 being
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magnetically polarized as a north pole. Similarly, second
ferromagnetic hemi-cylindric member 128 is polarized by the
south pole of permanent magnet element 104 resulting in the
second inner peripheral edge surface 136 being megnetically
polarized as a north pole attracted to the south pole of
element 104. This, in turn, magnetically orders member 128

of second member 128 being polarized as a south pole. Con-
sequently, the outer edge surfaces 134, 138 of members 126
and 128 form south and north poles, respectively, so that
the central cylindric member 102 has the properties of a
two-pole magnet rotor.

Referring to Figures 3 and 4, another preferred
embodlment of the fan motor assembly according to the
invention is illustrated. 1In the assembly of Figures 3 and
4, stationary assembly 150 has substantially the same con-
figuration as stationary assembly 150 illustrated in
Figures 1 and 2. Therefore, the same reference characters
have been used for corresponding structure.

Reference character 300 generally refers to rotat-
able assembly of the fan motor and includes a cylindrical
central portion 302 comprlslng a relatively flat, .1nner
disk 304 eceived within and coaxzal with central opening
158 of statlonary assembly 150. A plurality of radially
polarized, permanently magnetized elements 306, 307, 308
and 309 are positioned on the cuter, cylindric peripheral
surface 310 of central disk 304. The elements are posi-
tibned to rotate about the axis of rotation 356 of the

' rotatable assembly 300 as the central portion 302 rotates

in magnetlc coupling relation with winding stages of

.statlonary'assembly 150.

Central disk 304 has a centrally located, axial
bore 324 thereln for recexv1ng shatt 328 keyed to disk 304
Wthh supports central portlon 302 for rotation about ax1s.
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356. Disk 314 of the hub is provided with a bore 326
within which shaft 328 is keyed. Shaft 328 is journaled
for rotation in and is supported by bearing 170.

Coaxial with central disk 304 is an annular hub
J12 comprising a relatively flat, outer disk 314 having a
diameter E which is greater than the diameter e of the
combination of central disk 304 and the radially polarized
elements 306-309 thereon. Therefore, disk 314 has a
peripheral portion 316 which integrally, radially extends
beyond the central disk 314 and terminates in an annular
wall 318 perpendicular to disk 314 and extending laterally
toward stationary assembly 150. The magnetized elements
306~-309 of cylindrical central portion 302 and annular wall
318.define an annular recess 320 with rotatable assembly

300 for receiving cylindrical core 152 of stationary assem-

bly 150. Integral helical blades 322 extend radially, out-
wardly from annular wall 318. Blades 322 are positioned
laterally on an outer surface of the annular wall 318 and
are c1rcumferent1ally spaced at regular intervals about the
annular wall 318. ' '

. As with the embodiment of Figures 1 and 2, sev-
eral options are available to alleviate increased tempera-

| tures of the coil and/or the components of the board in the
"embodiment illustrated 1n Flgures 3 and 4. The stationary
assembly 150 may be made of heat conductive material so

that alr moving over the stator as a result of rotation of
the rotatable ‘assembly 100 will cool the stationary assem-

‘bly. 1In order to conduct heat away from stator 150, one or
 more heat COnductive, radially outwardly projecting, heat

,diSsipating?fins]l9O may_be p0sitioned on the outer periph-
' ery of outer annular wall 156. The air flow, indicated by

",artdw-182, moving'over-the'fins caused by the rotation of

helical blades 124 tends to cool the fins 190 to reduce any

 -heat build up in the statlonary assembly 150 In addition,

10
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fins 190 may be attached to or integral with radial support
members 172. In addition, fins 190 may extend radially out-
wardly and attach to or be integral with the cylindrical
casing 174 to support the casing in place
Furthermore, one or more rotary fins 360 may be

positioned on the surface of inner disk 304 which faces the
stationary assembly 150 so that the rotary fins 360 are
located between stationary assembly 150 and rotatable assem-—
bly 100 to move air over board 176. In addition. one or
more radial apertures 194 may be located within outer annu-
lar wall 156 to permit air flow therethrough. 1In addition,
one or more axial apertures 362 may be located within the
inner disk 304 to permit air flow therethrough. In addi-
tion, one or more axial apertures 364, in registry with
apertures 362, may be located within outer disk 314 to per-
mit air flow therethrough. These apertures permit air to
flow over the board 176 to cool 1ts components. Although
an air space 364 between inner disk 304 and outer disk 314
is illustrated, it is contemplated that these disks may be
an integral, unitary structure without any air space there-
between. ' | .

| In one preferred embodiment, all portions of the
rotatable assembly other than the permanent magnet elements
306~309 are nonferromagnetlc For example, inner disk 304,
outer disk 314, edge portlon 316, perlpheral wall 318 and
hellcal blades 322 are comprised of an integral, unitary
(one-piece) structure made of plastic or other synthetic
resin. Optionally, it is contemplated that all portions of
statlonary'assembly 150, except for toroidal printed wire

‘board 176, annular core 152 and winding stage 184 be cCom-~
prlsed of an integral, one-piece structure of synthetlc
‘resin so that the fan motor assembly according to the

invention provides a low-cost, light-weight structure.

11
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In view of the above, it will be seen that the
several objects of the invention are achieved ang other
advantageous results attained.

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings

shall be interpreted as illustrative and not in a limiting
sense.

12
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Claims

1. A rotatable assembly for use with a stationary
assembly including an annular core having a central opening
therein and having a plurality of winding stages thereon and
1ncluding means for supporting the annular core and said
rotatable assembly for rotation about an axis coaxial with the
central opening, said winding stages adapted to be electrically
energized to generate an electromagnetic field for rotating said

rotatable assembly about the axis, said rotatable assembly

comprising:

a substantially cylindrical central portion adapted

to be received within the central opening and supported for

rotation about the axis coaxial with the central opening, said

central portion having at least one permanent magnet element

which rotates about the axis as the central portion rotates, said

element beling in magnetic coupling relation with the winding

stages;

a blade assembly on said central portion and
extending radially therefrom, said blade assembly spaced radially
outwardly from said central portion, said blade assembly and said
central portion defining therebetween an annular recess coaxial
with the central opening for receiving said annular core, said
blade assembly being adapted to axially move air which is located

about the outer periphery of said rotatable assembly as said

rotatable assembly rotates; and

means, connected to the winding stages and positioned

between the supporting means and said central portion of said
rotatable assembly, for applying a voltage to one or more of the

winding stages at a time and for commutating the winding stages

1n a preselected sequence to rotate the rotatable assembly about

13
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the axis of rotation.

2. A rotatable assembly for use with a stationary

assembly including an annular core having a central opening
therein and having a plurality of winding stages thereon and
including means for supporting said rotatable assembly for
rotation about an axis coaxial with the central opening, said
winding stages adapted to be electrically energized to generate
an electromagnetic field for rotating said rotatable assembly

about the axis, said rotatable assembly comprising:

a substantially cylindrical central portion adapted

to be received within the central opening and supported for
rotation about the axis coaxial with the central opening, said

central portion having at least one permanent magnet element

a blade assembly on said central portion and
extending radially therefrom, said blade assembly spaced radially
outwardly from said central portion, said blade assembly and said
central portion defining therebetween an annular recess for
receiving said annular core, said blade assembly being adapted to
axlially move air which is located about the outer periphery of

sald rotatable assembly as said rotatable assembly rotates;

rotatable assembly, for applying a voltage to one or more of the
winding stages at a time and for commutating the winding stages

ln a preselected sequence to rotate the rotatable assembly about
the axis of rotation; and,

a fin on said central portion extending radially
laterally outward therefrom and located between said winding
14
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stages and the applying means, said fin adapted to simultaneously

move ambient air of said winding stages and ambient air of said

applying means thereby cooling said winding stages and said

applying means.

3. The rotatable assembly of claim l, wherein the

4. The rotatable assembly of claim 1, further
comprising a fin on said central portion extending radially
laterally outward therefrom and located between said winding
stages and the applying means, said fin adapted to simultaneously
move ambient air of said winding stages and ambient air of said

applying means thereby cooling said winding stages and said

applying means.

5. The rotatable assembly of claim 1, further
comprising a fin on said central portion extending axially
therefrom and located between said central portion and the
applying means, said fin adapted to move ambient air of said

applying means thereby cooling said applying means.

6. The rotatable assembly of claim 1, wherein said

central portion comprises:

a first ferromagnetic member positioned within the
central opening and having a first inner peripheral surface
having a south polarity and having a first outer substantially

curved, peripheral surface having a north polarity and positioned

adjacent a surface of the annular core formed by the central

opening; and

a second ferromagnetic member positioned within the

central opening and having a second inner peripheral surface

having a north polarity and being opposite the first inner

15
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peripheral surface and having a second outer substantially
curved, peripheral surface having a south polarity and positioned

adjacent the surface of the annular core formed by the central

opening.

7. The rotatable assembly of claim 6, further
comprising at least one permanent magnet element located between
sald first and second inner peripheral surfaces and having a
north pole adjacent said first inner peripheral surface and a

south pole adjacent said second inner peripheral surface.

8. The rotatable assembly of claim 6, wherein each of
said members is substantially planar, substantially hemi-
cylindrical, with planar surfaces which are substantially

parallel to each other, and further comprising:

a support disk positioned between said ferromagnetic

members and the support means and having an axial bore therein:

a shaft supported by the support means and positioned

within the bore:

a hub having a diameter greater than a diameter of
the annular core of the stationary member having a peripheral
portion radially extending beyond a peripheral edge of said
support disk, said hub positioned substantially coaxial with said
support disk with said first and second members located between
sald hub and said support disk; and means for lnterconnecting

sald support disk and said hub.

9. The rotatable assembly of claim 8, wherein said

receiving said annular core.

10. The rotatable assembly of claim 9, wherein said

16
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11. The rotatable assembly of claim 10, wherein said
hub further comprises a plurality of radially, ocoutwardly
projecting helical blades positioned laterally on an outer

surtface of the annular wall and circumferentially spaced about

the annular wall.

12. The rotatable assembly of claim 11, wherein said
disk, said supports, and said hub including said annular wall and
sald helical blades comprise an integral, unitary non-

ferromagnetic material.

13. The rotatable assembly of claim 8, wherein said
Support means of said stationary assembly includes a bearing
supporting said shaft for rotation and an inner annular wall for

receiving said bearing.

14. The rotatable assembly of claim 1 wherein said

cylindrical central portion comprises a central disk having a

Ccylindrical, peripheral surface and wherein said elements
comprise a plurality of radially magnetized elements positioned
on the peripheral surface of the central disk, and wherein said

blade assembly comprises an annular hub coaxial with the central

magnetized elements.

15. The rotatable assembly of claim 14, wherein said
fan blades comprise a plurality of radially, outwardly projecting
helical blades projecting laterally from an outer surface of the

annular wall and circumferentially spaced about the annular wall.

16. The rotatable assembly of claim 14, further

17
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comprising a shaft, wherein said central disk and said annular
hub each have bores for receiving said shaft and the supporting

means includes a bearing supporting said shaft for rotation.

17. The rotatable assembly of claim 14, wherein said
annular hub including said annular wall and said helical blades

comprise an integral, unitary non-ferromagnetic material.

18. The rotatable assembly of claim 1, wherein said
central portion has at least one aperture therein adapted to

permit air in heat exchange relationship with the stationary

assembly to flow through the aperture.

195. A fan motor assembly for providing axial air flow

comprising:

a rotatable assembly including a substantially
cylindrical central portion supported for rotation about an axis
coaxial with said central portion, said central portion having at

least one permanent magnet element which rotates about the axis

as the central portion rotates:

a blade assembly on said central portion and
extending radially outwardly from said central portion, said
central portion and said blade assembly defining therebetween an
annular recess coaxial with the central opening, said blade
assembly being adapted to axially move air which is located about

the outer periphery of said rotatable assembly as said rotatable

assembly rotates;

a stationary assembly including an annular core

having a central opening therein adapted to receive said central

electromagnetic field, said core adapted to be received within

18
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the annular recess of said rotatable assembly, said stationary
assembly including means for supporting said annular core and

said rotatable assembly for rotation about the axis; and

means, connected to the winding stages and positioned
between the supporting means and said central portion of said

rotatable assembly, for applying a voltage to one or more of the

winding stages at a time and for commutating the winding stages

in a preselected sequence to rotate the rotatable assembly about

the axis of rotation.

therein and having a plurality of winding stages thereon and
including means for supporting said rotatable assembly for
rotation about an axis coaxial with the central opening, said
winding stages adapted to be electrically energized to generate
an electromagnetic field for rotating said rotatable assembly

about the axis, said rotatable assembly comprising:

a substantially cylindrical central portion adapted
to be received within the central opening and supported for
rotation about the axis coaxial with the central opening, said
central portion comprising a central disk having a cylindrical,
peripheral surface and having a plurality of radially magnetized
permanent magnet element positioned on the peripheral surface
which rotate about the axis as the central portion rotates, said

element being in magnetic coupling relation with the winding

stages; and

a blade assembly on said central portion and
extending radially therefrom, said blade assembly spaced radially
outwardly from said central portion, said blade assembly and said
central portion defining therebetween an annular recess coaxial

with the central opening for recelving said annular core, said

1S5
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blade assembly being adapted to axlially move air which is located
about the outer periphery of said rotatable assembly as said
rotatable assembly rotates, said blade assembly comprising an
annular hub coaxial with the central disk having fan blades
thereon and terminating in an annular wall surrounding the
annular core so that the recess for receiving said annular core

1s between said annular wall and said radially magnetized

elements.

21. The fan motor assembly of claim 19, wherein the

22. The rotatable assembly of claim 19, further
comprising a fin on said central portion extending radially
laterally outward therefrom and located between said winding
stages and the applying means, said fin adapted to simultaneously
move ambilent air of said winding stages and ambient air of said

applying means thereby cooling said winding stages and said

applying means.

23 . The rotatable assembly of claim 19, further
comprising a fin on said central portion extending axially
therefrom and located between said central portion and the
applying means, said fin adapted to move ambient air of said

applying means thereby cooling said applying means.

24. The fan motor assembly of claim 19, further
comprising a shaft, and wherein said central portion has a bore

for receiving said shaft and said support means includes a

bearing supporting said shaft for rotation.

25. The fan motor assembly of claim 24, wherein said

applying means comprises a component board and said support means

includes an inner annular wall forming a central opening for

receiving the bearing and an outer annular wall supporting the

20
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26. The fan motor assembly of claim 25, wherein said
5 outer annular wall has at least one opening therein adapted to

permit air in heat exchange relationship with the stationary

assembly to flow through the opening.

27. The fan motor assembly of claim 19, wherein said

central portion comprises:

10 a first ferromagnetic member positioned within the
central opening and having a first inner peripheral surface
having a south polarity and having a first outer substantially
curved, peripheral surface having a north polarity and positioned

adjacent a surface of the annular core formed by the central

15 opening; and

a second ferromagnetic member positioned within the
central opening and having a second inner peripheral surface
having a north polarity and being opposite the first inner
peripheral surface and having a second outer substantially

20 curved, peripheral surface having a south polarity and positioned

adjacent the surface of the annular core formed by the central

opening.

28. The fan motor assembly of claim 27, further
comprising at least one permanent magnet element located between
25 sald first and second inner peripheral surfaces and having a
north pole adjacent said first inner peripheral surface and a

south pole adjacent said second inner peripheral surface.

29. The fan motor assembly of claim 27, wherein each
of said members is substantially planar, substantially hemi-

30 cylindrical, with planar surfaces which are substantially

21
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parallel to each other, and further comprising:

a support disk positioned between said ferromagnetic

members and said support means and having an axial bore therein:

a shatt supported by the support means and positioned
within the bore:

a hub having a diameter greater than a diameter of

support disk, said hub positioned substantially parallel to and

coaxial with said support disk with said first and second members

located between said hub and said support disk:; and

means for interconnecting said support disk and said
hub.

30. The fan motor assembly of claim 29, wherein said

recelving said annular core.

31. The fan motor assembly of claim 30, wherein said
means for interconnecting comprises first and second columnar

supports located between the first and second hemi-cylindrical

portions.

32. The fan motor assembly of claim 31, wherein said
nhub further comprises a plurality of radially, outwardly

projecting helical blades positioned laterally on an outer

surface of the annular wall and circumferentially spaced about
the annular wall.

33. The fan motor assembly of claim 32, wherein said
hub including said annular wall and said helical blades comprise

an integral, unitary non-ferromagnetic material.

22
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34. The fan motor assembly of claim 29, wherein the

35. The rotatable assembly of claim 19, wherein said
central portion has at least one aperture therein adapted to
permit air in heat exchange relationship with the stationary

assembly to flow through the aperture.

rotatable assembly.

37. The fan motor assembly of claim 19, wherein said
cylindrical central portion comprises a central disk having a
cylindrical, peripheral surface and wherein said elements
comprise a plurality of radially magnetized elements positioned

on the peripheral surface, and wherein said blade assembly

magnetized elements.

38. The fan motor assembly of claim 37, wherein said
fan blades comprise a plurality of radially, ocutwardly projecting
helical blades projecting laterally from the outer surface of the

annular wall and circumferentially spaced about the annular wall.

39. The fan motor assembly of claim 37, further
comprising a shaft, wherein said central disk and sald annular
hub each have bores for receiving said shaft and the supporting

means includes a bearing supporting said shaft for rotation.
23
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40. The fan motor assembly of claim 37, wherein said

annular hub including said annular wall and said helical blades

comprise an integral, unitary non-ferromagnetic material.

41. A rotatable assembly for use with a stationary

including means for supporting said rotatable assembly for
rotation about an axis coaxial with the central opening, said
winding stages adapted to be electrically energized to generate
an electromagnetic field for rotating said rotatable assembly

about the axis, said rotatable assembly having a central portion

comprising:

a first ferromagnetic member positioned within the
central opening and having a first inner peripheral surface
having a south polarity and a first outer substantially curved,
peripheral surface having a north polarity positioned adjacent a

surface of the core formed by the central opening;

a second ferromagnetic member positioned within the
central opening and having a second inner peripheral surface
having a north polarity and being opposite the first inner
peripheral surface and a second outer substantially curved,
peripheral surface having a south polarity and positioned

adjacent a surface of the core formed by the central opening; and

sald rotatable assembly further comprising a blade

second outer peripheral surfaces, said member and said blade

assembly defining an annular recess coaxial with the central

opening for receiving said annular core when said first and
second members are positioned within the central opening, said

blade assembly adapted to axially move air which is located about

24
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the outer periphery of said rotatable assembly as the rotatable
assembly rotates.

42 . The rotatable assembly of claim 41, further

south pole adjacent said second inner peripheral surface.

43. The rotatable assembly of claim 41, further
comprising control means, connected to the winding stages and
adapted to be positioned between the supporting means and said
central portion and said rotatable assembly, for applying a
voltage to one or more of the winding stages at a time and for

commutating the winding stages in a preselected sequence to

rotate said rotatable assembly about the axis of rotation.

44. The rotatable assembly of claim 41, wherein each

of said members is substantially planar, substantially hemi-

cylindrical, with planar surfaces which are substantially

parallel to each other, and further comprising:

a support disk positioned between said ferromagnetic

members and the support means and having an axial bore therein;

a shaft supported by the SUpport means and positioned
within the bore

a hub having a diameter greater than a diameter of

support disk with said first and second members located between

said hub and said support disk: and

means for interconnecting said support disk and said

25
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hub.

45. The rotatable assembly of claim 44, wherein said
hub further comprises an annular wall defining an annular channel

with said first and second outer peripheral surfaces for

receiving said annular core.

46 . The rotatable assembly of claim 45, wherein said
hub further comprises a plurality of radially, outwardly
projecting helical blades projecting laterally from an outer

surface of the annular wall and circumferentially spaced about

the annular wall.

26
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