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A brushless electric motor includes a housing with a pair of disc-shaped end plates fixed relative to the housing In a spaced,
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(57) Abrege(suite)/Abstract(continued):

Journalled in the bearings for rotation about its axis. A stator assembly Is supported by the housing intermediate the end plates and
through which the motor shaft passes. The stator assembly includes a plurality of individual wire-wound colls In a toroidal array
around the axis of the shaft. The stator assembly has recesses In opposite faces thereof. A pair of disc-shaped rotor assemblies
are respectively, disposed within the recesses In the opposite faces of the stator assembly inside the end plates.
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ABSTRACT

A brushless electric motor includes a housing ivith a pair of disc-
shaped end plates fixed relative to the housing in a spaced, generally parallel
relationship to each other. A pair of bearings are respectively positioned in the
end discs. A motor shaft is rotatably journalled in the beéringé for rotation about
its axis. A stator assembly is supported by the housing intermediate the end
plates and through which the motor shaft passes. The stator assembly includes
a plurality of individual wire-wound coils in a toroidal array around the axis of the
shaft. The stator és'sembly has recesses in opposite faces. thereof. A pair of
disc-shaped rotor assembiies are respectively disposed within the recesses in
the opposite faces of the stator assembly inside the end plates.
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ESS ELECTRIC MOTOR

FIELD QF THE INVENTION

This invention generally relates to the art of electric rotary ma-
chines and, particularly, to a brushless electric motor.

BACKGROUND OF THE NTION

' Electric rotary machines, such as motors and generators, have |
been used for a wide variety of applications. Forinstance, in a typical flat brush-
less motor, a rotor is secured to a motor shaft for rotation adjacent to-a station-

~ ary stator. The rotor has a plurality of separaté and independent permanent

magnets held together in an altemating north/south annular array. The stator
includes a plurality of coils which are ahgular!y spaced about the axis of the
motor shaft and disposed axially of the rotor with an air gap therebetween.
Such machines operate on the principle that current traveling in the stationary
coils or windings of the stator produce a rotating magnetic field which, in tumn,
produces a current in the rotor which occuples the space where the rotating
magnetic field exists. The induced current in the rotor reacts with the rotating
magnetic field to produce a force. In other words, when the coils are energized,
current flowing therethrough interact with magnetic flux from the permanent
magnets to generate torque for rotating the motor shaft. ' |

' Such electric rotary machines continue to encounter problems due
to their complexity of construction involving an unduly number of parts as well
as their inefficiency. The present invention is directed to solving these problems

by providing an extremely simple and efficient dasign of an electric motor.
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MMARY OF THE IN ION '
An object, therefore, of the invention 18 to provide a new and
improved brushiass electric motor of the character described.

In the exemplary embodiment of the invention, the moter includes
a housing, with a pair of end plates fixed relative to the housing in a spaced,
generally paraliel relationship to each other. A pair of bearings are respectively
positiohed in the end discs. A motor shaft is rotatably journailed in the bearings
for rotation about its axis. . A stator assembly is supported by the housing inter-
mediate the end piates and through which the motor shaft passes. The stator
assembly includes a plurality of individual wire-wound coils in a toroidal array
around the axis of the shaft. The stator assembly has recesses in opposite
faces thereof, A pair of disc-shaped rotor assemblies are respectively disposed
within the recesses in the opposite faces of the stator agsembly inside the end
plates.

According to one aspect of the invention, the wire-wound coils of
the stator assembly overiap each other:in the toroidal array around the axis of
the shaft. A plastic encasement is over-molded about the amray of coils, with
wires leads from the coils extending out of the encasement; and with the over-

molded encasement having circular recesses in opposite faces thereof. The
pair of end plates are disc-shaped and are secured to tha opposite faces of the

encasement.

According to another aspect of the invéntion, the pair of disc-
shaped rotor assemblies are respectively disposed substantially entirely within
the circular recesses in the opposite faces of the stator assembly. Each rotor
assembly is faminated to include a magnet disc and a flux return disc secured
to the magnet disc. The magnet disc is solid and of homogeneous metal mate-
rial, with a plurality of permanent magnet sectors of alternating potarity incited

directly into the solid metal material. The magnet disc s ring-shaped to provide
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a ring-like pattem of pefmanent magriet sectors. The retumn diso is fabricated -
of ferrous matenal. - | |

According to a further aspect of the invention, the housing is
fabricated of plastic material such as a thermosetting polyester resin. The
plastic housing includes passage means for circulating lubricating or cooling
fluld. The piastic housing may be impregnated with a fibrous reinforcing mate-
rial. The plastic housing also may include at least one cavity for receiving

-~ control means for the motor.

The invention also contemplates a unique method of fabricating
the stator assembly. Particularly, the assembly includes a coil-positioning boot
on which the wire-wound colls are properly positioned and spaced. The boot
may be fabricated of plastic material. The plastic encasement then is over-
molded about the boot and the properly positioned and spaced coils, with the
boot remaining within the encasement after overmolding. The boat also may
include wire management portions for positioning individual wires extending

between the wire-wound coils. In the exemplary embodiment, the boot also

includes a plurality of positioning projections about which the wire-wound coils
are positioned.

Other objects, features and advantages of the invention will be
apparent from the following detailed description taken in connection with the
accompanying drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

The features of this invention which are believed to be novel are
set forth with particularity in the appended claims. The invention, together with
its objects and the advantages thereof, may be best understood by reference to

~ the following description taken in conjunction with the accornpanying drawings,

in which ke reference numerals identify like elements in the figures and in
which: ’
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FIGURES 1A and 1B are perspective views of opposite sides of

- the brushless electric motor according to the invention;

FIGURES 2A and 2B are exploded perspecﬁve and side eleva-
tional views, respectively, of the motor;

- FIGURES 3A, 3B and 3C are side elavational and opposﬁe per-
spective views, respectively, of the motor shaft;

FIGURE 4 is a perspective view of one side of the stator assem-
bly, the opposite side being substantially identical;

FIGURE 5 Is a view similar to that of Figure 4, with the motor shaft
and one of the rotor assembiies mounted in the one side of the stator assembly:

FIGURES 6A, 6B and 6C are perspective, plan and side elevation- |
al views, respectively, of the coil-positioning boot used in fabricating the stator
assembly; |

FIGURES 7A, 7B and 7C are perspective, plan and side elevation-
al views, respectively, showing the coils properly positioned on the boot;

FIGURE 8 is a perspective view of one of the individual wire-
wound coils; N

- FIGURES 9A, 9B and 9C are explcded perspective, assembled
perspective and pian views of one of the rotor assemblies:

FIGURES 10A and 10B are perspective and side elevational views

~ of one of the end discs:

FIGURE 11 is a perspective view of the housing for the motor, with
the motor positioned therewithin:

- FIGURE 12 is an exploded side elevational view of the housing
and motor,

FIGURE 13is an exploded perspective view showing the housing

halves separated; and

FIGURES 14A and 14B are perspective and side elevational
views, respectively, of one of the housing halves.
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DETAILED DESCRIPTION OF THE PREFERRED EMBORQIMENT

| Referring to the drawings in greater detail, and first to FIGURES
1A, 1B, 2A and 2B, the invention.js embodied in a brushless electric motor,
generally designated 20, which is mountable within a housing, generally desig-
nated 22 (Figs. 11-13). The brushless electric motor includes a pair of disc-
shaped end plates, generally designated 24, fixed to the housing In a spaced,
generally paralle! relationship to each other. A motor shaft, generally desig-
nated 26, is rotatably j’ournalled in a pair of bearings 28 mounted in the end
plates. A stator assembly, generally designatéd 30, is ﬁxedly supported by the
housing intermediate the end plates and through which the motor shaft passes.
A pair of disc-shaped rotor assemblies, generally designated 32, are fixed tothe
motor shaft and are disposed in opposite sides of stator assembly 30.

More particutarly, referring to FIGURES 3A, 38 and 3C in conjunc-
tion with FIGURES 1A-2B, motor shaft 26 includes a stepped configuration
including an eniarged diameter hub portion 263, a pair of lesser diameter
mounting portions 26b at opposite sides of the hub portion and a pair of bearing
portions 26¢ of still lesser diameters at opposite sides of mounting portions 28b.
A stub shaft portion 26d extends from one end of the motor shaft and has a
keyway 26e for mounting an auxiliary component thereon. Far instance, an
impeller or fan of a ventilation system could be mounted on stub shaft portion
26d. Motor shaft 26 defines an axis of rotation 34 and the auter surfaces of hub
portion 26a, mounting portions 26b and bearing portions 26¢ are circular and
concentric about the axis of rotation. When motor shaft 26 is mounted within
motor 20, the enlarged diameter hub portion 26a is disposed within a center
through hole 38 (Fig. 2A) of stator assembly 30. Rotor assemblies 32 are
mounted about mounting portions 26b against a pair of annular, ring-like side
surfaces 38 of hub portion 26a. The rotor assemblies are fixed to the motor
shaft against surfaces 38 by means of appropriate fasteners, such as bolts,
threaded into a plurality of internally threaded holes 39 in surfaces 38 so that
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the rotor assemblies are conjointly rotatable with motor shaft 26. The motor
shatt is journalled within end piates 24 by means of bearing portions 26¢ of the
motor shaft being disposed within bearings 28 in the end plates.

Referring to Figure 4 is conjunction with FIGURES 1A-2B, stator
assembly 30 is fixed within housing 22 (Figs. 11-13) and includes the through
hole 36 described above within which motor shaft 26 rotates. The stator assem-
bly includes a plastic encasement 40 which completely surrounds a plurality of
individual coils, described below. Encasement 40 is a one-piece molded struc-
ture of plastic material and has circular recesses 42 in opposite faces thereof.
A plurality of mounting holes 44 extend through the encasement about and
immediately outside recesses 42. Figure 4 shows a plurality of lead wires 46
projecting out of an outer periphery of the encasement. As will be seen herein-
after, motor 20 is a three-phase motor, and there are input and output leads 46
for each phase. A strain-relief boss 48 is molded integrally with encasement 40
and through which the leads prdoject. Sensors also may be disposed within the
stator assembly, with leads 50 projecting outwardly therefrom. The over-molded

~ encasement 40 can be fabricated exactly and repeatedly by a precision mold.

The encasement may be fabricated of a mineral and/or glass fiber filled epoxy
molding compound. | |

Figure 5 shows a subassembly of motor shaft 26, stator assembly
30 and rotor assembly(ies) 32. it can be seen that the disc-shaped rotor éssem-
bly which is fixed to the motor shaft is disposed substantially entirely within the
circular recess 42 in the respective face of encasement 40 of the stator assem-
bly. End plates 24 then can be fixed to opposite faces 52 of the stator assem-~
bly, as described hareinafter.

Figures 6A, 6B and 6C show a coilpositioning boot, -generally
designated 54, which is used in fabricating stator assembiy 30. Generally, the
cotl~positioning boot properly positions and spaces the individual wire-wound
coils of the stator assembly so that plastic encasement 40 cari be over-molded
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thereabout. Specifically, coﬂ-posntlomng boot £4 includes a.center ring S4a, an
outer ring 54b and a plurality of spokes B4c extendmg between the center ring
and the outer ring. The entire boot may be unitarily motded as a one-piece
structure of plastic material. Spokes 54¢ define a plane, and the configuration
aof the boot on one side of that piane is a mirror image of the boot on the oppo-
site side of that plane. Specifically, a circular array of annular, coila-bositioning
recesses 54d open radially outwardly around center ring 54a on each opposite
side of the plane formed by the spokes. A circular array of coil-positioning posts
54e project generally perpendicutar to the plane of the spokes around outer ring
94D, again at both opposite sides of the plane defined by the spokes. A plurality
of alternatingly oppositely facing wire management portions 54f project out-

‘wardly about the entire outer periphery of outer ring 54b. The wire management

portions have grooves 54g within which individual wires extending between the
wire-wound coiis are positionad or managed.

Figures 7A, 7B and 7C show a plurality of individual wire-wound
colis, generally designated 56, properly positioned and spaced relative to each
other by the coil-positioning boot 54. As stated above, motor 20 is a three-
phase motor. Therefore, coils 56A represent the coils of one phase of the
motor, coils 568 represent a second phase of the motor and doils 56C represent
a third phase of the motor. Wires 58 between the individual colls in each phase
are positioned, separated and "managed” within grooves 54g of the wire man-
agement portions 54 of the coil-positioning boot 54. After coils 56 are property
positioned and spaced about both sides of the coil-positioning boot 54, plastic
encasement 40 is over-moided entirely about the array of coils as described

above and shown in Figure 4. The coil-positioning boot 54 remains wﬁhin the
overmolded plastic encasement.

Figure 8 shows a single one of the wire-wound coils 56. It can be
seen that each coil is generally trapezoidal in shape with radially extending side
portions 56a and inner and outer circumferentially extending end portions 56b
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and 66¢, respectively. It also can be seen that side portions 58a are disposed
in a common plane oﬁsetfrom erd portions 56b and 56¢. When all of the
individual coils are mounted on and spaced about the coil-positioning boot as
shown in Figures 7A-7C, the inner circumferentially extending end portions 56b
of the calls will be seated within arcuate recesses 54d (Fig. 8A) of the boot, and
the outer circumferentially extending end portions 58¢ of the coils will be posi-
tioned about the positioning posts S4e of the boot. When ail of the coils are so

‘positioned on opposite sides of the boot, alt of thé radially extending side por-

tions 58a of all of the coils will be coplanar in the plane defined by spokes 54¢
of the boot.

Both -of the pair of disc-shaped rotor assemblies 32 which are

~ disposed within recesses 42 in opposite faces of stator assembly 30, are identi-
~cal. One of the rotor assembiies is shown in Figures 9A, 98 and 8C. Each rotor

assembly is laminated and includes a magnet disc or ring, ganerally designated
60, and & flux retumn disc, generally designated 82. The flux retum disc Is
fabricated of ferrous material such. as steel. Magnet ring 60 is solid and of
homogenous metal material capable of being fabricated into permanent mag-
nets. Specifically, magnet ring 80 is fabricated of a rare earth permanent mag-
net material or alloy. Neodymium has been used in the preferred embodiment.
However, Alnico, Samarium Cobalt or a ceramic material could be usad.

To that end, and refefring to Figure 9C, a plurality of permanent
magnet sectors 64 of altemating polarity are incited directly into the solid metat
material of magnet ring 60. The permanent magnet sectors are in a ring-like
pattern and are covered on one side with the flux retum disc 62 as the flux
retum disc is laminated to the magnet disc by an appropriate bonding procedure
or material. . .

More particularly, the rare earth alloys of magnet rings 60 are
farmed by a powder metallurgical process. The material is cast, compactad or

~ compressed into a body having a ring-shaped cross-gection. Because the
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material is brittle, it cannot be out with saws or machined like most metals.
Consequently, the body ig sliced into magnet rings: 60 usmg wires of EDM or
ground with an abrasive wheel, using a coclant to minimize heat cracking or
chipping. The rings then are coatad with an appropriate anti-corrosion sealant,
such as zinc or the like.

The coated magnet ring 60 then is bonded to the flux return disc
62 as seen in Figures 98 and 9C, by an appropriate adhesive between the
facing fiat surfaces of the discs. The asserhbiy may be coated, again with an
anti-corrosion sealant, to prevent corrosion of the steel flux return disc and to
protect the adhesive bond. Bonding the magnet ring to the retum disc also
allows for proper alignment of the ring onto the return disc which is of steel and
can be sized and shaped with precision machining. In fact, this unitary assem-
bly can be spin-balanced before magnetizing. In many applications, balancing
IS not even necessary. |

The unitary magnet ring and return disc assembly now is ready to
be magnetized. Specifically, the assembly is placed on a custom magnetizing

fixture. The fodure is designed to magnetize multiple poles on a single rare
~earth ring at the same time. A capacitor discharges through a coil on the mag-

netizing fixture, aligned with a desired pasition on the magnet ring correspond-
ing to one of the magnet sectors 84. There is a coil per pole on the fixture for
the number of poles desirad on any given magnet ring. The capacitors are
effective to fire super charges of voltage which excites the metail on the order of
thirty times more powerful than a typical ferrous permanent magnet. When
complete, there is an auxiliary bond created between the magnet ring and flux
return disc due to the attraction of the disc to the magnets. '

~ When magnet ring 60 is magnetized, air gaps 85 (Fig. 9¢) are
formed between magnet sectors 84. With the magnet sectors being created in
the solid matenat of the magnet ring, a balanced part can be easily formed as
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the rotor assembly of the motor, because individual.or independent magnet
components are avoided.

Return disc 62 of each rotor assembly 32 I8 provided with a plural-
ity of through fixture holes 69A for mounting the disc on an appropriate fixture
during bonding of magnet ring 60 to the retum disc. The retum disc also is

provided with a plurality of alignment holes 69B for receiving alignment pins (not

shown). Magnet ring 60 has a plurality of alignment recesses 69C which em-
brace the alignment pins in alignment with the alignment holes 69B in the retum
disc. The magnet ring can be magnehzed using these holes and recesses as
reference points, sinca the magnet sectors cannot be seen visually. For in-
stance, Figure 8C shows alignment holes 698 and alignment recesses 69C at
locations in air gaps 65. That means that North and South mégnet sactors will
be jocated on opposite sides of holes 698 and recesses 69C. All of thesa holes
also can function as circulation or air vent holes. |

When the motor is assembled, the circular or toroidal array of the
individual wire-wound colls 56 of stator assembly 30 will be generally aligned
axially with the ring of permanant magnet sectors 64. Rotor assemblies 32 are

- positioned onto the mounting portions 26b (Figs. 3A-3C) of motor shaft 26

against annular faces 38 of the motor shaft. The mounting portions of the shaft
are located within center holes 86 of the rotor assemblies, and .appropriate
fasteners or bolts are inserted through holes 68 in return disc 62 and into the
internally threaded holes 39 at apposite sides of the hub portion 26a of the
shaft. o _ .

* End plates 24 of motor 20 are identical to each other. One of the
end plates is shown in Figures 10A and 10B. Each end plate is circular and
generauy disc-shaped. Each end plate has a center, 'cimular cup-shaped
recess 70 in the outsude face thereof for receiving a respective one of the bear-
ings 28 which may be press-fit into the recess. The bearing portions 26¢ of
motor shaft 26 extend through holes 72 in the end plates and into bearings 28.
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~ The bearing plates have a plurality of mounting holés 74 about the outer periph-

ery thereof for receiving appropriate fasteners 1o fix the bearing plates to the
opposite faces 52 (Figs. 4 and 5) of the over-molded encasement 40 of stator
assembly 20. The fasteners are threaded into holes 44 (Fig. 4) of the encase-
ment. Alternatively, the fasteners could extend entirely through the motor
assembly to clamp the end plates against the outer faces of the stator assem-

bly. A plurality of circutation or vent holes 78 are provided in each end plate.

The end plates could be fabricated of dielectric or plastic material if there is any
possibility that the end plates might engage rotor assemblies 32. On the other
hand, as seen in Figure 5, the rotor assemblies may be recessed within the
circular recaesses 42 of the stator assembly %and not be capabie of engaging the
end plates, whereby the end plates can be fabricated of sturdy metal material.

Referring to Figures 11-13, housing 22 for motor 20 is fabricated
as a two-part structure inciuding a pair of very similar if not identical housing
halves 80. Each housing half is generally square and includes a center recess
82 for receiving a bearing 84. Bearing portions 26¢ (Figs. 3A-3C) of motor shaft
26 are long enough to extend through both the bearings 28 of motor 20 as well
as bearings 84 inside the housing. As seen in Figure 11, stub shaft portion 26d
of the motor shaft projects out of the housing for connection to an extraneous
component, such as an impeller or fan of a ventilation unit. Housing halves 80
are unitarily molded as one-piece structures fabricated of a thermosetting poly-
ester resin. The plastic material of the housing halves may be impregnated with
a fibrous reinforcing material. At least one of the housing halves may include a -
plurality of mounting pins 85 for insertion through the mounting holes 74 in end
plates 24 and through the mouﬁting holes 44 in stator assembly 30.

Figures 14A and 14B show the inside faces of one of the housing
halves 80. One feature of the housing halves being molded of plastic material,
is that ane or mare of the housing halves can be molded with various passages

86 as desired. In the: particular configuration, the passages are molded within
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peripheral sides and within spoke-like components 88 which reinforce the hous-
ing halves but which greatly reduce the weight of the overall housing. It is
contemplated that the housing halves may be assembled to each other by an
impervious seal, and various fluids can flow directly through the passages by

providing various apertures or holes 80. For instance, the passages may pro- '
. vide conduits for directly flowing iubﬁcating or cooling fluids to a compartment

92 surrounding the motar. On the other hand, passages 86 may accept auxil-
iary conduits, piping or tubing for passing the lubricating or cooling fluids there-
through. The housing halves also can be integrally moided with compartments
or cavities 94 for receiving control means for the motor. |If desired, various
piates 86 (Figs. 12 and 13) can be provided for closing the cavities, if desired.
It will be understood that the invention may be embodied in ather

| specific forms without departing from the épirit or central characteristics thereof.

The present examples and embodiments, therefore, are to be considered in all
respects as {llustrative and not restrictive, and the invention is not to be limited
to the details given harein.
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. CLAIMS. |

1. Abrushless electric motor, com'hrising:'
‘ahousing; . - .
| apalrofdlsc-shaped encl mammu mtﬁtivetomehouslngin

| spaoed generally paraliel relationship to each ather, each end plate having a
cgnter recess ter recelvmg a beaﬁng | '

‘a palr of beaﬁngs raspecthIeiy positianed within. the receasea of

| meendmlates, .‘ :

. a motershaft fotatably jnumalled mtha bear!ngs intheend plates
for rotatlon about ifs axis; . - '

-~ astator assembly supported by the houslng lmmediate the end
platu and through which the motor shaft passes, the stator assermnbly hcluding

a pluralﬂy of individual Mr&wound colls in an overlapped toroiddl array around
| the axls ofthe shaﬂ. an ovar-molded plastic enoasement about the array of colls

wﬁhvdmleadsﬂomtheconsextendlngoutofﬂ\aenmsamentandmemr-

_moldad encasement having clrcular rmeases in opposite faces thereof: and

 apalr ofdlsc-shaped rotorassembﬂesﬂxed tothe motor shaft and

raspet:ﬁvely disposed substant:any entiraly. wlthin the Gircular racasaes In the

oppaosite faces of the stator assembly Inside the end p!atas each mtor assem- |
bly heing laminated to tnclude a rnagnat disc and & flux remm disc seoured to .
the magnet disc, the: magnet diso being solid and of homagenaous metal mate-

- rial with & plurality of permanent magnet sectors of alternating poladly inoited.

directly into the solid metal materal of the disc ina ung-llke pattem of pelma-

nent magnet sectors ganemlly allgned radially \mth the array of wire wound mﬁs_g
of tha stator aasambly - | |
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2. The bmshless eleetric motor of clan'n 1 wharein said pair of
disa-shaped end platee are secured to the opposrte fam of the encasement of

~the stator assembly.

" 3. The brushless electric motor of claim 1 wherein said center

" recessesin ﬂmée’nd plates a_re dup-shaped for seatingthe b_eaﬁngs therewithin.

4, The brushless electric motor of clalm 3 wherein aaid cup-

, 'shaped recesses are |ocated in outside faces of the end plstes

5. The brushless electric motor of claim 1 whereln said shaft

- projects through at least oha of said end plates.

6. The brushless electﬂc mator of ¢laim1 whereln sald shaft has.

. an en[arged diameter hub portion foumalled within the tdtor assembly wath the
rotor assemblies loc__atad on.opposite sides gf the hub pnrhon. _ |

A The brushless eleatric motor of. clalm 5 wherein said rotor
assemblies are fn:ed to the opposite sides of the hub portion of the shaft.

8. The brushless electric motor of claim 1 wharein saldpalr of

' -disghaped end piatea are secured to the' 'oppositwfams of’the ehm‘semeht of -
- the stator assembly, and the wire leada from the oolls of the stator assembly |
| project from a perlpheral edge of the encasement of the stator assambly '

9. The brusmass electric motor of eiaim 1 wherein the circular

- -recesses in the 'outer faces of the encasement of the stator assembty have
‘depths at laast as great as the thlckness of the dismshaped rotor assemblies.
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| | . 10. Tha brushlass electric motor of clalm 9 whereln said pairof
| dlso-shaped end platas are semled to tha opposita faces of the enmementof '

the stator assemtaly.

11. The brush!eas e!ecmc motor of claim 1 wherein the over-

.'lappad ml!s af sald stator ammbly are genarally trapezoldal in shape with o

radially extending side portlons ‘and circumferentiany extending end portlons

| with the. side portiona balng generally coplanar.

12. The bmshless; el’ectti’c motor of claim 1 wherein the flux retaim

discs of sald rotor af_asembnés are fabricated of farrous material.

13, The brushiess electric-motor of claim 1 whmin sald stator
assembly Includes & coﬂ-poslﬁomng boot on which the wire-wound colls are

 praperly posttioned and spacad prlorm aver-molding the plastic ericasement

thereabaout, the boqt remalnlng‘wlthin the encasement after ovemolding

. 14. The bmshless electric motor ofdalm 13 wherein said ‘GOl

posltlonlng boot includes wire management portlons for poaltlonlng lndlvidual L
“wires extending between the wire-wound colls,

18. The btushless electrlo mator of Glalm 13 wherein said coll- |

E posﬂi\onlng boot includes a plurality of positionlng projeatlons aboust whlch the
' wfm-wound ooils are posmoned

- 16 Thebmsh!esselectﬂcmommfclalm1wherainsaldhousing
Iafabﬂoatedofplaaﬂamateﬂal S |
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17 The: brushlesa electric motor of clalm 16 wherein sald housing

| is fabricated of a thermosetting polyester resln

18, The hrushless electric motor of claim 16 wherein sald plastic

~housing Ihc‘ludes' passage means for'clrcxﬁaﬁn'g lubricating oF cooling fluids.

19. The brushless e!ectno motor of clalm 16 Wherein said plastlc .

o houslng is |mpregnated with a ﬁbmus reinforclng materlal ,-

-y

20. The bmshless elactric moter of claim 16 Wherem sald plastic

- _ housing Includaa at least one mvity for recenving oontrol means for the motor.

21 A brushless electﬂo motar, camprising
“ahousing; | .
‘@ pairof end plates fixed relative to the houslng In spaced, gener- :

L ally parallel relationship to aach other;

~ a palr of bearings respectively positioned on the endl pl ates
@ motor shaft rotatablyjuumalled in the bearlngs on the end plates |

' 'for rotation about its axis;

. a stator assembly supported by the housing Intennediate tha end '
plates and thmugh which the shaft passes, the stator assembly Indud!ng 8

plurality of individual- wire-wound ¢0l|8 ha toroldal array araund the axis of the

o shaﬁ. and the stator assembly having racesses in oppasite faces thereof; and

apair of disc-ahaped rotor assemblies fixed to the motor shaftand - |

respectively disposed within the circular recessas in the opposite faces ofthe

stator assemibly inslde the and plates, aach rotor assembly belrig lammated to
include 2 magnet disc and a flux returmn disc seoured to the magnet. disc, the .

' magnet disc bemg so!id and of homoganeous metnl material with a plurallly of

permanent maghet sactors of attema'dng polamy incited diractly into the soild
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metal matertal of the disc in a ring-ike pattem of permanent magnet sectors.
| .,generally alrgned radiallywith tl're army ofwrre wound coilg of the statorassem- |
. bly. |

23. The brushlase electric motor of claim 21 wherern snid shaft
projecl:s through at least ane of saldend plates |

23 Thé brushless eleciric motor of 'dalm ‘21 whereln said shéft
has an enlarged diameter hub. partion joumalled within thestator ass&mbly wrﬂr
; the rotor assembllas loceted on opposite gides of the hub portion

| 24, The brushless elecuic motor of ctaim 23 wherein sard rotor
o asaembtres are fixed to the opposlte sides of the hub pomon of the shaft.

26. The brushless electrlo mmnror'clarm 21. viheretrithe —
in-the ‘outer faces of the stator assembly have- depﬂ'rs at-least as great as the
| thlckness of the disc-shaped rotor assemblies

| 26 The bmshlass electﬂc motor of daim 21 Whereln the aver-
lapped colils of said stator assembly are. generaﬂy trapezoldal in shape with
radially extending side portions and circumferentially extending and porhons -
with the side pnrhons baing generally coplanar

27 The brushless elactrlc motor of olalm 21 Whem!n the retum |
discs of said mtor aasembllas are fabricahed of ferrous matenal
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28. A bruahless electric motor, oomprialng
a pair of end platos fixed mlative to the housmg in Spaced gener- -

ally parallel relationship to each other‘

" apairof boarings raspectively positioned on the end(plates
a shaft rotatably joumalled in the beaﬁngs on the end. plates for
rotation about its axis;

a stator assembly supported by the honslng interrnediate the end

plates and through which the shaft passes, the stator assembly mcluding a
plurality of individual wim-wound colls in a toroidal array around the axis of the
- shaft, an qver-malded plastic onoasemont about the amay of colls with wire

leads from the coils extending out of the en-sement. and the ericasement:

: havlng circular recessss in opposite faces thereof; and

a pair of disc-shaped rotor assembiies fixed o the motor shaftand
fespecﬁvely disposed _substanhally ent_irely within tho ouroular ",3"339“ m the

 oppostie faces of the stator assembly inside.the end plates.

- 29. The brushiess eleotrio mator of olalm 28 wherein said pair of

disc-shaped end plates are seoured to the opposite faces of the encasement of

tho stator assemb!y

30, Tha brushless electric motor of claim 28 whorein the olroular

recesses in the outer faces of the encasement of the stator assombly have
" depths at least as great as the midmaas of the dhoohaped rotor aasemblies

f

31. The brushless eleotrio motor of olaim 30 wherein said pair of
'disc-shaped end p!ates are secured to the opposlto faces of the encaaement of
the stator assembly. '
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32. The brushless electﬂo motor o!f dalm ZB wherem ’ehe over-

lapped colls of said stator ammbly are genemny hapem‘dal In shape with
radual!y exhending side portions and cvrcumferentiaﬂy extend!ng end portlons

with the side portlcms being ganemlly mplanar

- 33, The bmshless electrio motor bf clatm. 28‘wh9,fé'_“ said stator

assembly' includes a coil-posiﬁonlrfg boot on which the wire-wound colls are -

properly positioned and spaced prior to over-moldm the plastic enmement-'
thereabout, the boot remaining wlthln the encasement aﬁar overmold ing

' 34. The brushless slectric motor of clalm 33 wherein said coll-

o posihoning hoot includes wirg management porﬂons for. pasitioning. lﬂdeU&'
wires extending between the wire-wound coﬂs |

35. Tha bruehless eledﬂc motor of e!alm 33 wharein said coil-

'pusiﬂomng boot Includes a plumlity of posMomng pm]ections about which the
_ wire-wound cails. are positioned '

36 A stator assembly for a brushless alectrlc motor campﬂamg |
 a plurality of individuel wire-wound coils; | |
“a ¢oll-positioning baot on which the colls are properly pasrticned -

 and spaced In & predetermined amay; and

a plastic encasement over-molded auﬁaténﬁally entirely about the

array of colls and the boot to maintain the pmperposmonfng andapaclng ofthe
. coils in the predetmlned array.

. | 37 The stator ésaembly of claim 38 whereln sald coinosﬂ!oning' -
hoot includes wire management portions for positiohing Indlviduat wires extend-
ing between the wire-wound colls, | |
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38, The siator assembly of clam 38 whereih said ooll-posmonmgl
boot indudes 8 pluraiity of podtlomna moiections about which the w:ra-waund

 colls: are posihoned

39. The stator assembty of clatm 36 wherem sald indlvidual wlre~ '
wound colls are posttioned on the boot \nh an overiapped toroidal array around' |

" a eenter axis of the stator assernbly

| 40. The7statar assembty of clalm 36 wherein wlré leads from eakd

‘wire wound ‘oqﬂs extehd out df the emasemen_t at an putar periphery thereof. .

41, The stator aasembly of daim 36 wherelu said enmsemant

_indudes umlarmesses Inmpn&ibfacestheteofformeeivm a. pah'ofdiso-

shaped rotors on apposlte sldes of the statar asaembly..

: 42, Ameﬁodaffabﬂwnngastatorasmblyforabrushless

| electm motor, comprlslng

windmg a plurality of Ind‘widuat w:re-wound coils
provldlng a coll-posiﬂonlng boot; a
. praperty posltlontng the coﬂs on the boctina epaced predatan-

| mlned array; and -

' ovemnoldlng a plaatic encasement eubstanhlly antlnely aboutthe
anay of colis and the baot to maintain the properposiﬂomng and apadng of the

. 'collsmthepredewinedamv

. 43. The method of ciaim 42, inaluding the step of elactrically .
 connecting individual wires extend Ing betwsen the wlre-wound colls after the |
"coils arg positloned on the boot.
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44. The method of ola!m 42, Inoluding pmvtding the oo:l»«postﬂon-

~ ing boot with wite management portions, and posttioning individusl wires ex-

tending betweonthe wtre-wound oolls on the wire. management portlons of the '
boot. ' - '

48, The method of o!aim 44, lncludtng the step of eleotrloally

| oonneotlng the lndlvidual wires emending between the colls, Mmﬁ\e oonneotod
~ wires posltlonod on the wire management portions of the boot.

4 The method of ciaim 42, Including prmﬁdlng the con-paalﬂan-' |

' ing boot with & plurality of positioning projedtions, with the wlre-wound coils .

properly positioned about the pro]echons

47 The mathod of ola!m 42 !nc!udlng posit!onlng the indlvldual ?.‘

oy wine-wound cofls on the coll-poslﬁomng hoot In an oveﬂapped toroldai array |

around a wnter axia of the stator asaembly

- 48, The method of o!alm 42 wherein said plastio oncasement is |

| | over-molded abost the wire.wound colls with wire leads from the oolls &xtendlng
out of the encasement at an outer perlphety thereof. -

e

49 The method of olalrn 42 wharein sakl plasﬁo onoasement i

| ' wermolded with reoesseo in opposite faces thereof for moetving a pair of
| apptopnate rotors of the oleotrlc motor ~

Rldout & Maybee LLP
Sulte 2400 |
~ One Queen Street East
Toronto, Canada M5C 3Bl
Patent Agents of the Applicant



CA 02581528 2007-03-13




~ CA 02581528 2007-03-13

FIGURE /B



CA 02581528 2007-03-13




CA 02581528 2007-03-13

NN
 FIGURE 38

 Aka g8 2F /a’%

3 FIGURE 3(



CA 02581528 2007-03-13




CA 02581528 2007-03-13




CA 02581528 2007-03-13

~ FIGURE 44



CA 02581528 2007-03-13

" FIGURE 4B 5
5{e 2

"o IR i Tl OO 5 a8 o ™
: “*.H"ﬂ“!ﬁmﬂm‘". WL I Bl CEE s}

N O U e N N nEn

FIGURE 4C



CA 02581528 2007-03-13 |

=¥
FlGURE 74



CA 02581528 2007-03-13




CA 02581528 2007-03-13

s6h - 5B sk § 1 £4C SEA

. ! a \ . . &’ . . \
.- . . ’ ' .m . = .
| N | AR S TN, ¥ - N I SRR N - o SRFEY RN ARRYE N 7 2 IR AN
. e - - it _— — o> - —
1.0 WY = 0 = P oo SRR "N SEED 7 MR NV e SEMER T GXG MUINE RS R
NI e 4 IK DRI e = = BENEY NRCIRSE NI W . W DU R | e |

5.8 skC SR B
FIGURE 7C

FIGURE &



CA 02581528 2007-03-13

FIGURE 94
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~ FIGURE 98
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'FIGURE 9¢
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~ FIGURE /04
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FIGURE /3
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