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[57] ABSTRACT

The invention relates to a brushless direct current
motor system that includes an outer rotor receiving a
load member such as a fan wheel] having a plurality of
blades. An axial extension of the rotor functions as a
drive boss whose diameter is-independent of the diame-
ter of the motor stator core and is step-wise smaller in
diameter at its outer closed end than at its inner opened
end.

6 Claims, 3 Drawing Sheets

20 ,70

L

Iib

N

- Oy A e e e

r /& .0 74 4

- = —

X

NSNS/

300/ 58

'




Re. 34,268

of 3

Sheet 1

June 1, 1993

U.S. Patent

m.

% N
L \__m\\\\

N2 \\\\\ TR 27 \\\
N NE A X\J
\ Y Ay Y
l K ..___mém_.wl 0 \ 1_ 7//1
X N
mmm _ | ,yl..
/\I

Hy ///4'/.// 22777777

59 ofr

29 T ar
1 914

€L



U.S. Patent June 1, 1993 Sheet 2 of 3 Re. 34,268

JL

23y | 29 22,48 |2 20

I'7a
h.‘\\ —n‘r’%f’ 'ﬂ/-h ““ ‘
‘ ”"Ag/).f(ﬁ--ﬁkvrr' /“u
. \ } "-l :." '.|'!. N ‘
FlG.Z ’ § :ssassse \Ezsasz:ﬂ%g \
& 2, ,_ %

:‘ e O 2 E

LEAVA N | e gii :‘I:"‘*\‘.':.‘:—

177 NTc M7b 15 487 30a

|70 230;, /13 19 29 /199.22,12 70

20

LIy ' =% ﬁ
o : b
& \d
\
\

II/ I J’I‘r"
,‘1

B
Y

DL
)

-

S

--------
---------
--------

7
—h\
l‘
:.-a-!

»  am =
‘ -

" I ENF e R e .

7

LN
’ 4

-—-—--

- o im =m i -

i B K 8 B

{Ic

A - *——--h

BEEEDEE.
Y 1§ ¥ ! T B X1

r s/ & 7 £ /L.

PRI TN L,

o8



U.S. Patent June 1, 1993 Sheetl3 of 3 Re. 34,268




Re. 34,268

1

BRUSHLESS DIRECT CURRENT MOTOR
SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This 1s a continuation, of application Ser. No. 581,337
filed Feb. 17, 1984 now U.S. Pat. No. 4,554,473, issued
Nov. 19, 1985 which is a continuation-in-part of applica-
tion Ser. No. 244,971, filed Mar. 18, 1981 now aban-
doned.

The invention relates to a brushless direct current
motor system. |

Brushless direct current motors are typically pro-
vided with an electric circuit which forms the drive
electronic systems in the instance of disk storage drives,
and r.p.m. control stage for the motor. The drive elec-
tronic system comprises the electronic components that
replace brushes and commutators of conventional di-
rect current motors. The r.p.m. control may include an
optical tachometer, which senses the r.p.m. of the
motor shaft and emits corresponding signals to the elec-
tronic drive system to control the r.p.m. of the shaft. At
the same time the optical unit of the tachometer can be
expediently applied as position-determining means for
determining the position of the rotor in order to switch
the currents of the motor windings. Instead of the ta-
chometer as a position detector, a Hall-generator can be
also used or a Hall-generator in conjunction with an IC.

The electronic drive system and the r.p.m. control
circuit sometimes are provided in a control unit separate
from the motor. Such a separate control unit takes addi-
tional space and requires a cable for connecting the
control unit with the motor.

In some uses, a separate control unit of conventional
direct current motors is inconvenient because of limited
space. For example, magnetic disk or plate drive sys-
tems are desirably as small and compact as possible, yet
the drives of the magnetic disks should desirably lend
themselves to the same possible uses as for larger mag-
netic plate drive systems. Brushless direct current mo-
tors are particularly adapted for such drives because of
their reliability, absence of sparks, which occur with
brushes of conventional direct current motor, and sim-
ple design when such a motor has a part which doubles
as a boss for supporting, for example, two spaced apart
magnetic plates. Conventional brushless direct current
motors, however, have been unsatisfactory in such in-
stance because of inadequate space within the motor for
the associated control unit.

Brushless direct current motors also are used in axial-
flow fans, but many axial-flow fans are installed in elec-
tronic appliances to serve as ventilators where there is a
size restriction. Thus, the external dimensions of the
casing jacket are likely predetermined and fixed. This
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becomes critical in very small ventilators, because of 60

the proportion of the diameter of the motor to the diam-
eter of the surrounding fan housing. Because of this,
there is a limit to the amount of radial dimension avail-
able for the fan blades. It is important, therefore, that
the air input be as efficient as possible to maximize the
air delivery of the fan even in spite of static pressures
often encountered in fan installations. This invention is
advantageously useful for brushless direct current mo-
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tors used in both axial-flow fans and in disk storage
drives.

An object of the invention is to provide a brushless
direct current motor system having a rotor of simple
design as a boss for a stack of disks, particularly small
diameter disks driven by a high quality bearing system.

Another object of the invention is to provide a brush-
less direct current motor system having a rotor of sim-
ple design usable as a boss for carrying and driving disks
or as a fan wheel for a plurality of fan blades directly
attached or welded to the boss, the boss being driven by
a high guality bearing system.

Still another object of the invention is to provide a
brushless direct current motor of the outer rotor type
that includes a step-wise smaller diameter on the closed
end of the outer rotor than the diameter at the open end
thereof such that for use in driving disks, disks of stan-
dardized bores may be driven and for use in axial flow
fans, the inlet side may have a better flow structure to
permit higher volumes of air or at least permit a press fit
of a fan hub over the closed end of the housing without
increasing the overall diameter of the rotor housing.

By providing a brushless direct current motor system
having an outer rotor, and having at least one stationary
switch support supportingly mounted on the motor
stator these objects are solved, according to the inven-
tion, by mounting the electronic drive system on the
stator within the closed end of the outer rotor housing.

Thus, according to the invention, the electronic drive
system can constitute a part of the motor in a brushless
direct current motor system. An axially compact struc-
tural unit is provided which lends itself to many applica-
tions. It will be seen that the structure allows a larger
axial distance between bearings to provide a strong
bearing system. According to a preferred embodiment,
the drive shaft is surrounded by means which hold the
bearings that in turn support the rotatable motor shaft.
The means i1s disposed in the motor housing. A circuit
component board 1s connected to the means and is pref-
erably constructed as an annular, plate-shaped member
to support one or both sides of at least part of the elec-
tronic drive system. The dimensions of the annular
component board are expediently adapted to the motor
housing. Also a plurality of such members can be dis-
posed one over another in accordance with the height
of the available axial space. In such a way the motor
system may provide a closed unit with only lead lines
extending outwardly for connection to an outside
source of power. In operation, the space-saving overall
arrangement 1s reliable. The system also includes means
for dissipating heat and it allows a step-wise construc-
tion on the hub side of the motor, advantageous for uses
of the motor in both disk drives and axial flow fans.

The invention will now be described in greater detail
showing embodiments illustrated in the accompanying
drawings, which are: )

FIG. 1 is a side sectional view of a brushless direct
current motor system according to the invention;

F1G. 2 1s a side sectional view, taken along the line
A—A of FIG. §, of another embodiment utilizing the
invention in an axial-flow fan where radial blades are
attached directly to the outer rotor and the housing is
asymmetrical in section;

FIG. 3 i1s a side sectional view, taken along the line
A—A of FIG. §, of yet another embodiment utilizing
the invention in an axial-flow fan where a fan wheel is
inserted with its hub press-fit over the outer rotor and
the housing is asymmetrical in section;
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FIG. 4 1s a side sectional view, taken along the line
A—A of FIG. § of still a third embodiment utilizing the
invention in an axial-flow fan in a manner similar to that
shown in FI1G. 3, except that the housing is symmetrical
in section; and

FIG. 5§ is a schematic view of an axial-flow fan ac-
cording to the invention as seen from the exhaust side.

Referring first to FIG. 1, the direct current motor
system 10 comprises a brushless direct current motor 11
with an outer rotor Aousing 14 which, being mounted on
a rotatable drive shaft 12, surrounds motor windings 29,
stator iron core 58 and permanent magnets 56.

The foregoing components of motor 11 are known as
such. Their assembly constitutes a conventional brush-
less direct current motor.

An annular switch support or component board 20 is
connected to a stationary part or a central support or
holding means 22 of the motor 11. An electronic drive
system and an r.p.m. control circuit are mounted on the
component board 20 to form together with the motor 11
a compact unit.

As shown in FIG. 1, the various components of the
electronic drive system, for example, output stage tran-
sistors 61 of the r.p.m. control circuit, a Hall-1C 385, the
component board 20 and a heat sink 60, are accommo-
dated 1n one chamber between the bottom or closed end
40 of the rotor housing 14 and the stator winding 29.
Lead hines 31 extend from the component board 20 for
connection to a source of direct voltage. )

The shaft 12 is attached to the [bottom] closed end
40 of housing 14. The housing 14 is open at one end so
that a centrally disposed bearing tube or casing 44 sur-
rounding the shaft 12 can extend from the housing. The
tube 44 1s a part of central holding means 22. It 1s either
pressed into a boss connected to a flange 30 or 1s cast
together with the flange 30 to form an integral part. The
shaft 12 1s rotatably supported in the tube or casing 44 in
two bearings 48, 48’, so that the shaft and the housing 14
rotate relative to the casing and the flange 30 when the
flange 1s mounted in a stationary position relative to
adjacent members, as will be explained hereinafter in
detail. Two spaced guard rings 50 maintain the bearings
in place. Cup springs 52 held by the guard ring 54 axi-
ally bias the bearings 48, 48’ relative to each other.

A rotary magnetic ring or a plurality of permanent
magnets 36 are mounted on the inside surface of the
rotor housing 14, and they rotate together with the
housing 14. The rotor housing 14 may be cast of an
aluminum alloy. This matenal 1s unsuitable as a mag-
netic return circuit, and so a soft iron ring 57 1s provided
for the magnetic return circuit. Such ring is unnecessary
if the housing 14 is deep-drawn. The outer diameter of
the annular component board 20 is preferably less than
the diameter of the core 58. Thus, the component board
20 is not greater in diameter than the air gap diameter of
the stator and, together therewith, makes a compact
unit.

The bearing tube 44 s axially extended for receiving

the electronic members of the electronic drive system 60

and r.p.m. control circuit. In addition to the disposition
of the structural members, care must be also taken of
suitable dissipation of heat, particularly in connection
with the output stage transistors 61 of the electronic
drive system. There is provided for such purpose a
punched bent member as a cooling body or heat sink 60,
to which are connected in a heat-transfer relationship,
the heat dissipation surfaces of the output stage transis-
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4
tors 61. The heat sink 60 i1tself 1s about 0.6 to 1 mm thick,
connected by supports 62 to the component board 20.

The electronic members are expediently arranged as
shown in FIG. 1, since all soldering connections can
there be performed in one step, as, for example, by dip
soldering. A potentiometer 64 is provided for adjusting
certain portions of motor operation or for equalizing
tolerances of different parts. The potentiometer 64 is
adjustable by a screwdniver through a bore (not illus-
trated} in the flange 30 and one of the grooves in the
core 58. For such purpose, the setscrew of the potenti-
ometer 64, the bore in the flange 30 and the groove in
the stator iron core 58 lie in a substantially straight line.

In such an integral formed part as the heat sink 60, the
output stage transistors 61 must be electrically insulated
from, although physically connected to, the heat sink
60. If the heat sink 60 is expediently subdivided accord-
ing to the number of the output stage transistors 61,
however, the insulation can be dispensed with. This
saves time of assembly and various insulating parts and
also improves the dissipation of heat.

The heat sink or sinks 60 are connected to the compo-
nent board 20, preferably via the supports 62 soldered
to the component board 20. The heat sinks 60 are
soldered to the component board 20 along with the
soldering of the other members. If necessary, the heat
sinks 60 are additionally connected to the statiopary
parts, or stator in a suitable manner, such as by fastening
members or linking connections 66 on the tube 44 or in
the zone of a collar 68 or by mounting legs of the end
plate 67 [(not illustrated]. These connections reduce
the possibility of the movement of the heat sink 60.

‘The rotor housing 14 1s axially extended in accor-
dance with [the] axial extension of bearing tube 44.
This extension projects into [the drive boss) a drive
boss or hud 70 in the central bore of one or more mag-
netic disks. Consequently, it i1s expedient to make the
diameter of the drive boss 70 complementary to or
substantially equal to that of the central bore of the
disks regardless of the required driving capacity of the
motor and of the resulting best air gap diameter. Thus,
the axial dimension is lengthened by a strong bearing
system to allow the [hub] drive boss 70 to have a diam-
eter that i1s independent of the diameter of the stator
core 58 and the air gap. This permits a free chamber 26
inside the drive boss 70 to accommodate the component
board, including the electronic members and the heat
sinks. As mentioned earlier, the component board is
preferably of less diameter than the stator iron and air
gap. |

In a drive motor for magnetic memory disks, the
housing 14, including the drive boss 70 and the bottom
40, encloses the inside of the motor. This prevents the
penetration of dirt particles from inside the motor to the
magnetic disks. The only direct connection to air inside
the motor exists only through a gap 71, between the
rotor housing 14 and the flange 30. But a suitable length
of the gap 71 provides that the possible exit of dirt
particles is very small and there is no disturbance in the
safety of operation of the magnetic disks. A wall 72 is
shown as a broken fragment and separates a space of
maximum cleanness 73 from the rest of the motor sys-
temn so that any dirt particles from the bearing 48’ do not
enter the area of the magnetic disks.

When used for driving magnetic disks, the motor 11
includes a fan 32 having several fan blades 33 mounted
at the free end of the drive shaft 12. The flange 30 is
cooled by an intensive movement of air around it, so
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that lost heat is effectively conducted from the motor 11
to the outside via integral unit which includes the flange
30 and the bearing tube 44 as mentioned earlier.

To prevent an electronic charge in the rotor bell, the
drive shaft 12 is, by means of the ball 36 and a spring
contact (not illustrated), connected to the chassis of the
apparatus. An electrical charge of the rotor would like-
wise disturb the operation of the magnetic disks.

The motor 11 is also suitable for other applications. In
such cases the requirement of cleanness is not as exact-
ing, so that there also can be apertures 59 in the rotor
bell, if necessary. These apertures would perform the
function of evacuating heat or of permitting access for
adjusting a potentiometer. Such motors can directly

10

drive different devices or fans. For the purposes of 15

ventilation, fan wheels or fan blades can be directly
attached or welded to the rotor housing 14 and/or the
drive boss 70.

In this connection, it should be noted that the same
features of this invention that permit the [hub) drive
boss 70 to be reduced in diameter so as to accept directly
the magnetic disks having standardized bores, also make
the motor 11 advantageously useful for axial-flow fans.
As disclosed in copending U.S. Ser. No. 140,883, filed
Apr. 16, 1980, now U.S. Pat. No. 4,373,861, issued Feb.
13, 1983, and in copending U.S. Ser. No. 466,642, filed
Feb. 15, 1983, which through continuation application Ser.
No. 718,832, filed Apr. 2, 1985, became U.S. Pat. No.
4,564,335, issued Jan. 14, 1986, the feature of a conical
configuration on the hub of the fan wheel on the inlet
side i cooperation with the flaring corner portions or
pockets of the fan housing, surprisingly produces the
advantage of a substantial pressure increase. Thus, par-
ticularly in the instance of small, compact axial-flow
fans operating in the region of relatively low air flow
rates, the fan can deliver a larger amount of air at higher
static pressures.

Such a construction can be seen in connection with
motor 11a in FIG. 2 wherein an indented or stepped
outer portion of the [hub]} drive boss 70 provides a
conical or tapered affect as illustrated by the dashed line
L. In FIGS. 2, 3 and 4, like parts of those motors and the
motor of FIG. 1 carry the same reference numbers. The
direction of the air flow is indicated by the arrow. Thus
air enters these axial-flow fans at an inlet or input side 13
and is discharged from an outlet or exhaust side 15. A
plurality of fan blades 23 are uniformly distributed
around the periphery of the rotor housing 14 and are
suitably affixed to the outer surface of the rotor housing
such as by welding. These fan blades extend over sub-
stantially the entire axial length of the rotor housing 14.
Thus, at the air inlet side of the fan, it will be seen from
an examination of the angle of the dashed line L that the
smaller diameter of the [hub] drive boss 70 provides a
greater cross section of air passage on the inlet side than
would be possible if the diameter of the [hub] drive
boss 70 were equal to the outer diameter of the rotor
housing 14 at its open end.

As used herein in connection with the cup-shaped
rotor housing 14, the terms “open end” and “closed
end” are used mainly to distinguish between the two
ends. Thus the term “closed”, particularly in reference
to a motor used in fans, need not exclude small openings
that may be provided in the otherwise closed end of the
rotor housing.

Each of the motors shown in FIGS. 2, 3 and 4 have a
fan housing 17 that forms the outer extremes and pro-
vides structure for mounting the motor and fan wheel
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or fan blades. The housing 17 dimensions are predeter-
mined according to the standards in the industry, and
the housing 17 may have small dimensions where the
square outside faces have a length of about 80 mm. The
fan housing 17 includes a central cylindrical portion
indicated by 17b, and eminating from that toward the
inlet side is an inclined wall section 17a. The inclined
wall section 17a 1s provided on at least four diagonally
oppostte corners of an externally square fan housing 17.

Returning to FIG. 2, it can be seen that by means of
this arrangement a broader inlet cross section is ob-
tained over the entire inlet zone of the axial-flow fan. -
The front edges of the fan blades 23 extend into this
cross section, and they are brought up approximately to
the forward end face of the fan housing 17 with their
leading edges. At their inner edges, the fan blades are
welded to the rotor housing 14, particularly at the drive
boss 70. The fan blades 23 may be welded convention-
ally to the rotor housing 14 by a special process dis-
closed in German Pat. 1,628,349. The fan blades are
made of very thin sheet steel, and are arranged equally
around the periphery, and a very large free inlet region
is obtained which is enlarged even more by the provi-
sion_between the angled dashed line L and the inclined
Lwall 17a) wall section 17a.

Because of the fan housing 17, as can be seen from a
combination of FIGS. 2 and 8§, is provided, on the four
diagonally opposite corners of the externally square fan
housing 17, with corner pockets 18, the inclined wall
sections 17a of which eminate from the central cylindri-
cal [middle piece] portion 17b, the inlet cross section is
additionally enlarged at these four corners. It has been
found that an axial-flow fan constructed in this way has
advantages over conventional kinds of construction,
especially if it must operate against high static pressures
in the installed condition. In such instance, the fan

- yields surprisingly larger amounts of air.

The welding process for attaching the fan blades 23
to the rotor housing 14 as described in the aforemen-
ttoned German patent, is useful for mass production and
generally requires a very large, expensive welding ma-
ciine. If axial-flow fans are to be produced in smaller
quantitites, or if they are to be produced in locations far
distant from the welding machine, it is much less expen-
sive to produce a fan wheel of molded plastic. There,
the blades distributed evenly about the periphery of the
hub, are molded along with the hub to form a unit.

The invention of this application, however, also lends
itself to use in axial-flow fans having the unitized
molded plastic fan wheel. Such a motor is shown in
FIG. 3, and the molded plastic fan wheel 19 having a
hub 19a which carries the evenly distributed fan blades
23a about its periphery, is applied to the rotor housing
14 by being press-fit over the [reduced hub portion]
reduced portion of drive boss 70 at the rotor housing 14
and secured in a suitable manner. Comparing this struc-
ture with that in FIG. 2, it will be seen that the angled
dashed line L, if drawn in the structure of FIG. 3,
would be substantially vertical. That is, the outer diam-
eter of the plastic hub 19a is substantially the same as the
outer diameter of the rotor housing 14 near its open end.

The advantage of the plastic fan wheel, of course, is
that it results in an axial-fan of overall less expense than
that shown in FI1G. 2. It can be understood, however,
that the outer diameter of the hub 19z is still of a smaller
dimension than had it been placed over the outer rotor
of a conventional DC brushless motor. Thus, this inven-
tion finds advantageous use in this application, also.
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The motor structure shown in FIG. 41s similar to that
in FI1G. 3 except for one important difference. It will be
noted in FIG. 3 that the central cylindrical [mid
piece] portion 17b is flanked by an inclined [wall 17a}
wall section 17a toward the inlet side and an finclined
wall] inclined wall section 17¢ toward the outlet side.
By inspection. it will be seen that the [wall 17a} in-
clined wall section 17a is shorter and at a slightly larger
angle to the [ mid-piece]} central cylindrical portion 176
than the wall 17¢. Such a fan housing is referred to as an
asymmetrical housing. In contrast, the structure in FIG.
4 1s a symmetncal housing where the angle and length
of the [walls] inclined wall sections 17a and 17¢ flank-
ing the central cylindrical [mid-wall] portion 17b are
substantially the same length and of the same angle with
respect 10 the [mid piece wall] central cylindrical por-
tion. The reduced diameter [hub} drive boss 70 finds
advantageous use in both of these structures.

It has been indicated that the bearing system in a
brushless DC motor for direct drnive of magnetic disks
must be of high quality and accuracy. Hence, the motor
shown in FIG. 1, in which the load on the [hub] drive
boss 70 is a plurality of magnetic disks, 1s shown with
spaced apart ball bearings 48 and 48°. These bearings are
held securely within the beaning tube 44 which consti-
tutes the central holding means 22. Not all requirements
for brushless DC motors, however, are as ngid as those
for direct drive of magnetic disks. In this connection, it
will be noted 1n the axial fans shown of FIGS. 2, 3 and
4, that spaced apart ball bearings are shown 1n the motor
31a 1in FIG. 2, whereas sleeve bearings 49 are shown in
motors 11b and 11c 1in FIGS. 3 and 4, respectively.

Although the central holding means 22 1s shown to be
the bearing tube 44 in the drawings, it should be under-
stood that for many applications, 1t would be acceptable
for the central holding means to consist merely of the
inside of the stator iron core 58. Thus, the stator 1iron
could provide the support for either the ball bearings
48, 48 or the sleeve bearings 49 in certain applications
of the DC brushless motor. The component board 20
would then be supported by means of pins to the stator
1n a suitable location.

A further modification of the structure is in providing
the motors 11b and 11c of FIGS. 3 and 4, respectively,
with the fan housing 17, the central holding means 22,
the flange 30a, and the supporting struts 24 (FIG. §) as
a one-piece molded plastic. At present, such structure
has Iimited applications and 1s thought to be useful only
in the instance of a two-pulse brushless DC motor,
especially a reluctance torque motor having auxiliary
torques, all resulting in high efficiency and low heat
generation. Heretofore, plastic has been used only in the
very inexpensive installations, because heat i1s destruc-
tive to the nigidity of the plastic structure. With the
more highly efficient DC brushless motors with low
heat generation, however, a plastic structure is now
practical for certain other applications.

Thus, there has been provided in accordance with
this invention an internal motor structure for a brushless
direct current motor system including the electronic
drive system and r.p.m. control circuit mounted on a
component board internally of the motor in such a man-
ner as to enable a step-wise smaller diameter on the
closed end of the hub of the outer rotor than the diame-
ter of the open end of the outer rotor. Such step-wise
smaller diameter allows for such a motor to be used in
the direct drive of magnetic disks, where the disks have
standardized bores, and in axial-fans where a larger
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Cross section on the air input side of the fan, particularly
a fan of small dimensions, to be used in applicathons
where i1t 1s important to deliver higher volumes of air at
higher pressures. Some principal advantages of such a
motor structure are (1) axial compactness, (2) easy ac-
cess to the electronic circuit board during motor pro-
duction and repair, and (3) independency of the diame-
ter of the drive boss 10 the stator and air gap.
Although we have shown and described this inven-
tion in connection with certain embodiments, alterna-
tives, modifications, and varations may be apparent to

“those skilled in the art in view of the foregoing descrip-

tion. Accordingly, it is intended to embrace all such
alternatives, modifications, and vanations as fall within
the spirit and scope of the appended claims.

What 1s claimed 1s:

1. A brushless direct current motor system, said sys-
tem including an outer rotor type motor comprising:

a cup-shaped outer rotor housing having inner and
outer surfaces, an open and a closed end and a shaft
concentrically mounted therein extending inter-
nally thereof, the outer [portion] surface of said
housing being formed as a drive boss to receive and
directly drive at least one load member [for the
direct driving thereof]], the load member being a
fan wheel having a plurality of blades, the fan
wheel being a unitized assembly including a hub
and radially extending fan blades mounted thereon
uniformly [around the periphery] therearound ,

a bearing systern in said motor receiving said shaft so
as to rotate said outer rotor housing;

stator means concentnically mounting said bearing
system within said motor, said outer rotor housing
including permanent magnets on its [inside] inner
surface and being mounted to rotate around [the
periphery of] said stator means fand] separated
therefrom by an air gap, the [outside } outer surface
of said outer rotor housing at its closed end being
provided with a step-wise reduction in its outer
diameter to provide a reduced diameter hub por-
tion [thereof, allowing the outside of this portion
of the rotor housing}] to mount and dnive said
unitized assembly; and

the hub of said unitized assembly being [ dimensioned
to be press fit over] fixed 10 the reduced diameter
hub portion of said outer rotor housing.

2. A system according to claim 1 wherein the diame-
ter of the hub of said fan wheel is not greater than the
diameter of the cup-shaped outer rotor housing at its
open end.

3. A system according to claim 2 wherein said system
is part of an axial-flow fan having an air inlet side and an
air exhaust side and further comprising an outer fan
housing of multi-corner profile, said outer fan housing
having a central cylindrical portion surrounding the fan
[blade) wheel, said outer fan housing being broadened
on the exhaust side of the central/ cylindrical [central}
portion by corner pockets into the [regular} multi-cor-
ner profile, said profile circumscribing [ the outer diam-
eter of } the fan wheel.

4. A system according to claim 3 wherein said corner
pockets are formed by inclined [walls] wall sections
which extend from said central cylindrical portion.

5. A system according to claim 4 wherein the inclined
wall sections also extend from the central cylindrical por-
tion on the air inlet side [is} and are axially shorter
than and at a different angle from the inclined wall
sections on the [outlet] exhaust side of the central cy-
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lindrical portion, forming an asymmetrical cross section ~ [outlet} exhaust sides of the central cylindrical portion
in the ourer fan housing. are of substantially [the} a same angle and length wirh
6. A system according to claim 4 wherein the inclined respect 10 each other, forming a symmetrical cross sec-
Lwalls] wall sections also extend from the central cylin-  tion in the outer fan housing. :

drical portion and these sections on both the inlet and 5 * * & o+ 2
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