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(57) ABSTRACT

A surface cleaning apparatus 1s provided. The surface clean-
ing apparatus includes a dirt inlet, a rotatable brushing
member, and a brush motor dnivingly connected to the
rotatable brushing member. The brush motor includes a
plurality of field coils, a first motor sub-unit, a second motor
sub-unit, and a motor controller. The first motor sub-unit
includes a first rotor portion, a first stator portion, and a first
field coil. The second motor sub-unit includes a second rotor
portion, a second stator portion, and a second field coil. The
first and second rotor portions are rotatable about a motor
axis and are drivingly connected to the brushing member.
The second motor sub-unit 1s axially spaced along the motor
axis from the first motor sub-unit. The motor controller is
operable to direct electric current through the plurality of
field coils generating magnetic fields and driving rotation of
the rotor portions.
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SURFACE CLEANING APPARATUS HAVING
A BRUSH MOTOR INTERNAL OF A
ROTATING BRUSH AND BRUSH MOTOR
FOR DRIVING A ROTATABLE BRUSHING
MEMBER

FIELD

This application relates to motors for use with household
appliances, and more particularly to brush motors for driv-
ing rotatable brushing members.

INTRODUCTION

The following 1s not an admission that anything discussed
below 1s part of the prior art or part of the common general
knowledge of a person skilled in the art.

A surface cleaning apparatus can include a rotatable
brushing member for extracting or loosening dirt from a
surface so that the dirt can be more easily collected by the
surface cleaning apparatus. The rotatable brushing member
may be referred to as a brush roll or brush bar. The brushing,
member can include bristles, wire, or other filaments extend-
ing therefrom that sweep, beat, or otherwise agitate dirt
when the brushing member 1s rotated. The brushing member
can be driven to rotate by a brush motor.

SUMMARY

The following introduction 1s provided to introduce the
reader to the more detailed discussion to follow. The intro-
duction 1s not mtended to limit or define any claimed or as
yet unclaimed invention. One or more inventions may reside
in any combination or sub-combination of the elements or
process steps disclosed 1n any part of this document 1nclud-
ing its claims and figures.

In accordance with one aspect of this disclosure, which
may be used alone or 1n combination with any other aspect,
there 1s provided a motor for driving a rotatable output
member of a household appliance, such as a brushing
member of a surface cleaning apparatus. The motor includes
a plurality of motor sub-units that are axially spaced along
a motor axis. Each motor sub-unit includes a rotor portion
and a stator portion. The rotor portion 1s rotatable about the
motor axis. Each rotor portion 1s operable to generate a rotor
magnetic field, and each stator portion 1s operable to gen-
crate an opposing stator magnetic field, thereby driving
rotation of the rotor portions. The rotor portions are driv-
ingly connected to the rotatable output member such that
rotation of the rotor portions drives rotation of the output
member.

An advantage of this aspect 1s that the total heat generated
by the motor sub-units can be less than that of an equivalent
single unit motor. Moreover, the heat generated by the motor
sub-units can be distributed along the length of the motor,
which may promote greater heat dissipation. Additionally,
the motor sub-units can be 1mplemented using smaller
magnets as compared to an equivalent single unit motor,
simplifying the manufacturing of each motor unit.

The profile of the motor can also allow the motor to be
disposed 1nside of the rotatable output member. That 1s, the
rotatable output member may house the motor used to drive
the output member. This can reduce the overall size of the
household appliance and/or allow additional components to
be 1nstalled inside the household appliance, since the motor
does not take up additional space within the household
appliance.
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2

In accordance with this aspect, there 1s provided a surface
cleaning apparatus comprising:

(a) a dirt mlet;

(b) a rotatable brushing member having first and second
longitudinally opposed ends and a brush member rota-
tional axis extending longitudinally between the first
and second opposed ends; and

(¢) a brush motor drivingly connected to the rotatable
brushing member, the brush motor comprising:

(1) a plurality of field coils;

(11) a first motor sub-unit comprising a {first rotor
portion, a first stator portion, and a first field coil of
the plurality of field coils, wherein the first field coil
1s coupled to one of the first rotor portion and the first
stator portion, and the first rotor portion 1s rotatable
about a motor axis;

(1) a second motor sub-unit comprising a second rotor
portion, a second stator portion, and a second field
coil of the plurality of field coils, wherein the second
field coil 1s coupled to one of the second rotor portion
and the second stator portion, and the second rotor
portion 1s rotatable about the motor axis, the second
motor sub-unit being axially spaced along the motor
ax1s from the first motor sub-unit, wherein each rotor
portion 1s operable to generate a rotor magnetic field,
and each stator portion 1s operable to generate a
stator magnetic field opposing the rotor magnetic
field of a corresponding rotor portion thereby driving
rotation of the rotor portions; and,

(1v) a motor controller operable to direct electric cur-
rent through the plurality of field coils thereby gen-
crating at least one of the stator magnetic fields and
the rotor magnetic fields and driving rotation of the
rotor portions;

wherein the rotor portions are drivingly connected to the
brushing member such that rotation of the rotor portions
drives rotation of the brushing member.

In any embodiment, the brushing member may include a
member cavity defining an mner member volume sur-
rounded by the brushing member and the brush motor may
be disposed within the inner member volume.

In any embodiment, the brushing member may include
one or more flaps extending from the brushing member nto
the inner member volume, and the one or more flaps may be
thermally coupled to the brush motor within the inner
member volume thereby promoting heat transfer between
the brush motor and the brushing member.

In any embodiment, the surface cleaning apparatus may
turther include a thermally conductive fill enclosed within
the inner member volume, the thermally conductive fill
promoting heat transfer between the brush motor and the
brushing member.

In any embodiment, the first motor sub-unit may be
drivingly connected to the second motor sub-unit and the
second motor sub-unit may be drivingly connected to the
brushing member.

In any embodiment, the surface cleaning apparatus may
define a cleanming head housing; and the brush motor and
brushing member may be both disposed within the cleanming
head housing.

In any embodiment, the brush member axis and the motor
axis may be parallel.

In any embodiment, each rotor portion may be at least
partially surrounded by a corresponding stator portion.

In any embodiment, the brush motor may further include:
a third motor sub-unit including a third rotor portion, a third
stator portion, and a third field coil of the plurality of field
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coils. The third field coi1l may be coupled to one of the third
rotor portion and the third stator portion and the third motor
sub-unit may be axially spaced along the motor axis from the
first motor sub-unit and the second motor sub-unit.

In any embodiment, the first motor sub-unit, second motor
sub-unit and the third motor sub-unit may be arranged
linearly.

In any embodiment, each field coil may be angularly
spaced apart from each other field coil 1 a circumierential
direction about the motor axis.

In any embodiment, the motor controller may be operable
to selectively direct the electric current to each of the field
coils based on the angular position of the rotor portions.

In accordance with an aspect of this disclosure, which
may be used alone or 1n combination with any other aspect,
there 1s also provided a brush motor positionable 1nside a
rotatable brushing member, the brush motor comprising:

(a) a plurality of field coils;

(b) a first motor sub-unit comprising a first rotor portion,
a first stator portion, and a first field coil of the plurality
of field coils, wherein the first field coi1l 1s coupled to
one of the first rotor portion and the first stator portion,
and the first rotor portion 1s rotatable about a motor
axis;

(c) a second motor sub-unit comprising a second rotor
portion, a second stator portion, and a second field coil
of the plurality of field coils, wherein the second field
coil 1s coupled to one of the second rotor portion and
the second stator portion, and the second rotor portion
1s rotatable about the motor axis, the second motor
sub-unit being axially spaced along the motor axis from
the first motor sub-unit, wherein each rotor portion 1s
operable to generate a rotor magnetic field, and each
stator portion 1s operable to generate a stator magnetic
field opposing the rotor magnetic field of a correspond-
ing rotor portion thereby driving rotation of the rotor
portions; and,

(d) a motor controller operable to direct electric current
through the plurality of field coils thereby generating at
least one of the stator magnetic fields and the rotor
magnetic fields and driving rotation of the rotor por-
tions;

wherein the rotor portions are drivingly connected to the
brushing member such that rotation of the rotor portions
drives rotation of the brushing member.

In any embodiment, each rotor portion may be at least
partially surrounded by a corresponding stator portion.

In any embodiment, the brush motor may further include
a third motor sub-unit including a third rotor portion, a third
stator portion, and a third field coil of the plurality of field
coils. The third field coil may be coupled to one of the third
rotor portion and the third stator portion and the third motor
sub-unit may be axially spaced along the motor axis from the
first motor sub-unit and the second motor sub-unit.

In any embodiment, the first motor sub-unit, second motor
sub-unit and the third motor sub-unit may be arranged
linearly.

In any embodiment, each field coil may be angularly
spaced apart from each other field coil 1 a circumierential
direction about the motor axis.

In any embodiment, the motor controller may be operable
to selectively direct the electric current to each of the field
coils based on the angular position of the rotor portions.

In any embodiment, the first motor sub-unit may be
drivingly connected to the second motor sub-unit and the
second motor sub-unit may be drivingly connected to the
brushing member.
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In accordance with an aspect of this disclosure, which
may be used alone or 1n combination with any other aspect,
there 1s also provided a motor for use with a household
appliance comprising a rotatable output member, the motor
comprising:

(a) a plurality of field coils;

(b) a first motor sub-unit comprising a first rotor portion,

a first stator portion, and a first field coil of the plurality
of field coils, wherein the first field coil 1s coupled to
one of the first rotor portion and the first stator portion,
and the first rotor portion 1s rotatable about a motor
axis;

(¢) a second motor sub-unit comprising a second rotor
portion, a second stator portion, and a second field coil
of the plurality of field coils, wherein the second field
coil 1s coupled to one of the second rotor portion and
the second stator portion, and the second rotor portion
1s rotatable about the motor axis, the second motor
sub-unit being axially spaced along the motor axis from
the first motor sub-unit, wherein each rotor portion 1s
operable to generate a rotor magnetic field, and each
stator portion 1s operable to generate a stator magnetic
field opposing the rotor magnetic field of a correspond-
ing rotor portion thereby driving rotation of the rotor
portions; and,

(d) a motor controller operable to direct electric current
through the plurality of field coils thereby generating at
least one of the stator magnetic fields and the rotor
magnetic fields and driving rotation of the rotor por-
tions;

wherein the rotor portions are drivingly connected to the
output member such that rotation of the rotor portions drives
rotation of the output member.

In any embodiment, each rotor portion may be at least
partially surrounded by a corresponding stator portion.

In any embodiment, the motor may further include a third
motor sub-unit including a third rotor portion, a third stator
portion, and a third field coil of the plurality of field coils.
The third field coil may be coupled to one of the third rotor
portion and the third stator portion and the third motor
sub-unit may be axially spaced along the motor axis from the
first motor sub-umt and the second motor sub-unit.

In any embodiment, the first motor sub-unit, second motor
sub-unit and the third motor sub-unit may be arranged
linearly.

In any embodiment, each field coil may be angularly
spaced apart from each other field coil 1n a circumierential
direction about the motor axis.

In any embodiment, the motor controller may be operable
to selectively direct the electric current to each of the field
coils based on the angular position of the rotor portions.

In any embodiment, the first motor sub-unit may be
drivingly connected to the second motor sub-unit and the
second motor sub-unit may be drivingly connected to the
brushing member.

It will be appreciated by a person skilled 1n the art that an
apparatus disclosed herein may embody any one or more of
the features contained herein and that the features may be
used 1n any particular combination or sub-combination.

These and other aspects and features of various embodi-
ments will be described 1n greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the described embodiments
and to show more clearly how they may be carried into
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ellect, reference will now be made, by way of example, to
the accompanying drawings 1 which:

FIG. 1 1s a top front perspective view of an example
surface cleaning apparatus, 1n accordance with an embodi-
ment;

FIG. 2 1s a bottom rear perspective view of the surface
cleaning apparatus shown in FIG. 1;

FIG. 3 1s a partial section view of the surface cleaning
head of the surface cleaning apparatus shown in FIG. 1 taken
along line A-A m FIG. 1;

FIG. 4 1s a perspective view of the brush motor of the
surface cleaning head shown 1n FIG. 3;

FIG. 5 1s a side sectional view of the brushing member
and brush motor of the surface cleaning head shown 1n FIG.
3 taken along line C-C 1n FIG. 3;

FIG. 6 1s a partial section view of the surface cleanming
head of the surface cleaning apparatus shown in FIG. 1 taken
along line A-A 1n FIG. 1, with the housing of the brush motor
omitted;

FIG. 7 1s a partial perspective view of the brush motor
shown 1n FIG. 4, with the housing omitted;

FIG. 8 1s perspective view of another example brush
motor usable with the surface cleaning head shown in FIG.
3;

FIG. 9 15 a perspective view of the brush motor shown in
FIG. 8, with the rotor portions omitted;

FIG. 10 1s a side sectional view of another example
surface cleaning head useable with the surface cleaning
apparatus shown in FIG. 1 taken along line B-B 1n FIG. 1
showing an example of thermally conductive flaps for the
brush motor;

FIG. 11 1s a side sectional view of another example
surface cleaning head useable with the surface cleaning
apparatus shown in FIG. 1 taken along line B-B 1n FIG. 1
showing an example thermally conductive fill for the brush
motor;

FIG. 12 1s a sectional view of another example surface
cleaning head useable with the surface cleaning apparatus
shown 1 FIG. 1 taken along line A-A 1n FIG. 1 showing an
example ol energy storage members housed within the
brushing member;

FIG. 13 1s a schematic diagram of an example control
circuit for a brush motor;

FIG. 14 1s a schematic diagram of another example
control circuit for a brush motor;

FIG. 15 1s a graph 1illustrating example torque and rota-
tional position data for a brush motor during operation;

FIG. 16 1s a graph 1illustrating example torque and rota-
tional position data for a brush motor during operation; and,

FIG. 17 1s a side sectional view of another example
surface cleaning head useable with the surface cleaning
apparatus shown in FIG. 1 taken along line B-B i FIG. 1.

The drawings included herewith are for illustrating vari-
ous examples of articles, methods, and apparatuses of the
teaching of the present specification and are not intended to
limit the scope of what 1s taught 1n any way.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Various apparatuses, methods and compositions are
described below to provide an example of an embodiment of
cach claimed mvention. No embodiment described below
limits any claimed mvention and any claimed invention may
cover apparatuses and methods that differ from those
described below. The claimed inventions are not limited to
apparatuses, methods and compositions having all of the
features of any one apparatus, method or composition
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described below or to features common to multiple or all of
the apparatuses, methods or compositions described below.
It 1s possible that an apparatus, method or composition
described below 1s not an embodiment of any claimed
invention. Any invention disclosed in an apparatus, method
or composition described below that 1s not claimed 1n this
document may be the subject matter of another protective
instrument, for example, a continuing patent application,
and the applicant(s), inventor(s) and/or owner(s) do not
intend to abandon, disclaim, or dedicate to the public any
such mnvention by 1ts disclosure 1n this document.

The terms “an embodiment,” “embodiment,” *
ments,” “the embodiment,” ‘“the embodiments,
more embodiments,” “some embodiments,” and ‘“one
embodiment” mean “one or more (but not all) embodiments
ol the present invention(s),” unless expressly specified oth-
Crwise.

The terms “including,” “comprising” and varnations
thereol mean “including but not limited to,” unless expressly
speciflied otherwise. A listing of items does not imply that
any or all of the items are mutually exclusive, unless
expressly specified otherwise. The terms “a,” “an” and “the”
mean “one or more,” unless expressly specified otherwise.

As used herein and in the claims, two or more parts are
said to be “coupled”, “connected”, “attached”, or “fastened”
where the parts are joined or operate together either directly
or indirectly (1.e., through one or more intermediate parts),
so long as a link occurs. As used herein and in the claims,
two or more parts are said to be “directly coupled”, “directly
connected”, “directly attached”, or “directly fastened”
where the parts are connected 1n physical contact with each
other. None of the terms “coupled”, “connected”,
“attached”, and “fastened” distinguish the manner 1n which
two or more parts are joined together.

Furthermore, 1t will be appreciated that for simplicity and
clanity of 1illustration, where considered appropriate, refer-
ence numerals may be repeated among the figures to indicate
corresponding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the example embodiments described
herein. However, 1t will be understood by those of ordinary
skill 1n the art that the example embodiments described
herein may be practiced without these specific details. In
other instances, well-known methods, procedures, and com-
ponents have not been described 1n detail so as not to
obscure the example embodiments described herein. Also,
the description 1s not to be considered as limiting the scope
of the example embodiments described herein.

As used herein, the wording “and/or” 1s intended to
represent an inclusive-or. That 1s, “X and/or Y 1s intended
to mean X or Y or both, for example. As a further example,
“X, Y, and/or Z” 1s mtended to mean X or Y or Z or any
combination thereof.

General Description of a Surface Cleaning Apparatus

The following 1s a general description of a surface clean-
ing apparatus having a rotatable brushing member and a
brush motor, which provides a basis for understanding
several of the features that are discussed herein. The fol-
lowing description contains various features which may be
used individually or 1n any combination or sub-combination.
It should be appreciated that, 1n some embodiments, aspects
disclosed herein may be used with other household appara-
tuses, including, for example, household apparatuses having
a rotatable output member such as power tools (e.g., power
drills and drivers, power sanders etc.), kitchen appliances
(e.g., mixers), hair dryers and so forth.
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Referring to FIGS. 1 and 2, there 1s shown an example
surface cleaning apparatus 100. In the 1llustrated example,
the surface cleaning apparatus 100 1s an upright vacuum
cleaner. However, the surface cleaning apparatus 100 can be
any type ol surface cleaming apparatus including, for
example, a hand vacuum cleaner, a stick vacuum cleaner, a
canister vacuum cleaner, a robotic vacuum cleaner, an
extractor, a sweeper, or a wet/dry type vacuum cleaner.
Further, to motor disclosed herein may be used in an
accessory provided for a household appliance, such as a
surface cleaning apparatus. For example, the accessory may
be any surface cleaning head that has a rotatable brushing
member.

The surface cleaning apparatus 100 includes a dirt inlet
102 for receiving dirt from a surface. In the illustrated
example, the dirt inlet 102 1s a dirty air inlet through which
dirty air can be suctioned. As shown, the surface cleaning
apparatus 100 can also include a clean air outlet 104 and an
air tlow path extending between the clean air outlet 104 and
the dirty air inlet 102. At least one suction motor and at least
one air treatment member can be provided in the air tlow
path. The air treatment member may be any suitable air
treatment member, 1ncluding, for example, one or more
cyclones, filters, bags and other dirt separation devices. In
addition to the at least one air treatment member, one or
more pre-motor filters (positioned in the air flow path
between the air treatment member and the suction motor)
and/or one or more post-motor filters (positioned in the air
flow path between the suction motor and the clean air outlet)
may be provided.

The surface cleaning apparatus 100 also includes a rotat-
able brushing member 120, which may also be referred to as
a brush roll or brush bar. As shown, the brushing member
120 can include bristles, wire, other filaments, flexible strips
extending therefrom, or any other tloor contacting member
known 1n the art 124, for extracting, collecting, loosening or
the like dirt from a surface.

In operation, the brushing member 120 can be rotated so
that the bristles 124 brush, sweep, beat, or otherwise agitate
dirt from the surface so that the dirt can be more easily
collected by the dirt inlet 102. The brushing member 120 can
be driven to rotate by a brush motor (see e.g., FIG. 3),
examples of which will be described 1n greater detail with
regard to FIGS. 3 to 16.

As shown, the surface cleaning apparatus 100 can include
a surface cleaning head 110. Surface cleaning head 110 can
house the brushing member 120 and the brush motor. The
dirt inlet 102 can be provided 1n the surface cleaning head.
However, 1t should be appreciated that dirt inlet 102, the
brushing member 120, and the brush motor need not be
positioned in the surface cleaning head 110 and may be
located at one or more different parts of the surface cleaning
apparatus 100. Similarly, although the brushing member 120
1s shown located at the dirt inlet 102 1n surface cleaning
apparatus, 1t should be understood that in alternative
embodiments the dirt inlet 102 may be spaced apart or
otherwise located apart from the brushing member 120.

It should also be appreciated that alternate types of
surface cleaning apparatuses may be used with embodiments
described heremn. For example, a sweeper-style surface
cleaning apparatus may be used with embodiments
described herein. In such embodiments, a surface cleaning
apparatus may omit the air flow path and clean air outlet and
simply collect dirt 1n a dirt collection chamber or tray.
Brush Motor

The following 1s a description of a motor that may be used
to drive a rotatable output member such as a rotatable brush
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member. The following description contains various features
which may be used individually or 1n any combination or
sub-combination. For simplicity, the motor 1s described 1n
the context of a brush motor for a surface cleaning appara-
tus. However, 1t should be appreciated that, in some embodi-
ments, aspects disclosed herein may be used with other
household apparatuses, including, for example, to drnive a
rotatable output member of a household apparatus.

Referring now to FIGS. 3 to 7, there 1s shown an example
brush motor 140. As shown 1n the example of FIGS. 3-7,
brush motor 140 1s configured to drive brushing member 120
of surface cleaning apparatus 100. However, 1t should be
appreciated that brush motor 140 may also be used to drive
rotatable output members for other appliances.

In general, brush motor 140 can include a plurality of
motor sub-units 150 (see, e.g., FIG. 6). The motor sub-units
150 can be configured to cooperate to drive a rotatable
output member coupled to brush motor 140.

An advantage of this configuration is that the total heat
generated by the motor sub-units 150 may be less than that
of an equivalent single unit motor. The heat generated by
cach motor sub-unit 150 1s generally proportional to the
square of the electrical current used by that motor sub-unit
150. Hence, dividing current among multiple motor sub-
units 150 may generate less heat than supplying the same
amount of current to a single unit motor. For example,
dividing current among four motor sub-units 150 can gen-
crate approximately four times less heat as compared to
applying the same amount of current to an equivalent single
unit motor.

Another advantage of this configuration 1s that smaller,
less powerful magnetic elements can be used as compared to
an equivalent single unit motor. An equivalent single unit
motor may require larger, more poweriul magnetic elements,
which may be more expensive than smaller, less powertul
magnetic elements. By using a larger number of less pow-
erful magnetic elements, manufacturing costs can be
reduced. At the same time, an equivalent torque output can
be generated by the multiple motor sub-units 150 as would
otherwise be provided by a larger, single motor unit.

Another advantage of this configuration 1s that the diam-
cter of the brush motor 140 may be smaller since each
sub-unit may have a smaller diameter than by using larger
number of less powerful magnetic elements. Accordingly,
the brush motor may be positioned internal of brushing
member 120.

In some examples, the brush motor 140 can extend
longitudinally along a motor axis 142. As shown 1in the
example of FIGS. 6 and 7, the plurality of motor sub-units
150 are axially spaced apart from one another along the
motor axis 142. An advantage of this configuration 1s that the
heat generated by the motor sub-units 150 can be distributed
along the length of the motor 140, which may allow the heat
to be more easily dissipated. In contrast, an equivalent single
unmit motor (or a plurality of adjacent and/or partially axially
overlapping motor sub-units) may produce heat in a more
concentrated region.

In the example of FIGS. 6 and 7, the individual motor
sub-units 150 are axially separated from one another. Alter-
nately, the motor sub-units 150 may be positioned 1mmedi-
ately adjacent one another. Further alternately, the motor
sub-units may partially overlap.

Referring again to the example of FIGS. 6 and 7, four
motor sub-units 150A, 150B, 150C, and 150D are 1llus-
trated. As shown, the second motor sub-umt 150B 1s axially
spaced along the motor axis 142 from the first motor
sub-unit 150A; the third motor sub-unit 150C 1s axially




US 11,707,170 B2

9

spaced along the motor axis 142 from the first motor
sub-unit 150A and the second motor sub-unit 150B; and the
fourth motor sub-unit 150D 1s axially spaced along the
motor axis 142 {from the first motor sub-unmit 150A, the
second motor sub-unit 1506 and the third motor sub-unit
150C. Furthermore, the first motor sub-unit 150A, the sec-
ond motor sub-unit 1506, the third motor sub-unit 150C, and
the fourth motor sub-unit 150D are arranged linearly.
Although four motor sub-units 150 are shown in the
example of FIGS. 6 and 7 respectively, 1t should be appre-
ciated that the brush motor 140 may include a greater or
lesser number of motor sub-units 150 1n various implemen-
tations. In general, brush motor 140 i1ncludes at least two
motor sub-units 150 and optionally, three, four, five, six,

seven or more motor sub-units 150.

As shown 1n FIGS. 6 and 7, each motor sub-unit 150
includes a rotor portion 160 and a stator portion 170. Each
rotor portion 160 1s rotatable (relative to the corresponding,
stator portion 170) about the motor axis 142. Each stator
portion 170 may be non-rotationally fixed with respect to the
corresponding rotor portion 160. For instance, each stator
portion 170 may be non-rotationally fixed relative to the
motor axis 142.

Each rotor portion 160 can be configured to generate a
rotor magnetic field. Similarly, each stator portion 170 can
be configured to generate a stator magnetic field. The stator
magnetic field and rotor magnetic field of the respective
stator and rotor portions can be configured to attract and
repel one another 1n order to drive rotation of the rotor
portions 160 relative to the stator portions 170.

As noted, the stator portion 170 can be rotationally
stationary relative to the corresponding rotor portion 160.
Accordingly, they need not be fixed 1n position but may also
be rotatable. For example, each of the stator portions 170 can
be fixed to a support structure (e.g., motor housing 146)
usable to secure the stator potion 170 1n a fixed position. In
the illustrated example, the stator portions 170 are fixedly
secure to the surface cleanming head 110 via motor housing
146 and a head connector 134 (see e.g., FIGS. 3 and 6).

Alternately, the stator portions 170 may be coupled to an
alternate support structure. For example, a stator support
shaft 174 1s shown 1n the example of FIGS. 8 and 9. The
stator shaft 174 can be fixed to the surface cleaning head 110
via a head connector 134.

Each rotor portion 160 may be generally concentric with
the corresponding stator portion 170. Referring again to
FIGS. 6 and 7, each rotor portion 160 can be at least partially
surrounded by a corresponding stator portion 170. In this
configuration, the brush motor 140 may be referred to as an
“inrunner” because the rotor portions 160 are generally
positioned 1nside of the stator portions 170.

Alternately, the brush motor 140 may be arranged 1n an
“outrunner” configuration in which the stator portions 170
are generally positioned mside of the rotor portions 160. For
example, FIGS. 8 and 9 show an example of a brush motor
140 arranged 1n an outrunner configuration. As shown 1n the
example of FIGS. 8 and 9, each stator portion 170 1s at least
partially surrounded by a rotor portion 160. That 1s, the
stator portions 170 are generally positioned inside of the
rotor portions 160.

In the illustrated outrunner example, each rotor portion
160 1s formed as a portion of a rotating shell 166. The
rotating shell 166 can be coupled (directly or indirectly) to
the rotatable output member to drive rotation of the rotatable
output member. Accordingly, 1n the outrunner configuration,
the brush motor 140 may omit a central drive shatt.
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The brush motor 140 can be drivingly connected to the
brushing member 120 1n various ways. In examples
described herein, each motor sub-umt 150 can be drivingly
connected to the brushing member 120 (directly or indi-
rectly). Each motor sub-unit 150 can also be drivingly
connected to another motor sub-unit 150. Accordingly, an
output shaft of one sub-unit 150 and/or the outer shell of one
sub-unit 150 may be dnvingly connected to the brushing
member 120. In this manner, the plurality of motor sub-units
150 can cooperatively drive the rotation of the brushing
member 120.

In general, each of the rotor portions 160 are drivingly
connected to the rotatable brushing member 120 (directly or
indirectly). Accordingly, rotation of the rotor portions 160
can drive rotation of the brushing member 120. In the
example of FIGS. 6 and 7, a central drive shait 144 extends
through the motor sub-units 150A-D. The first motor sub-
unit 150A, second motor sub-unit 1506, third motor sub-unit
150C, and fourth motor sub-unit 150D are each mounted to
the central drive shaft 144.

The drive shait 144 1s coupled to each of the rotor portions

160. The drive shait 144 1s also drivingly connected to the
brushing member 120, in this case using a brush connector
132 (see e.g., FIG. 6). Accordingly, rotation of the rotor
portions 160 can drive rotation of the drive shaft 144 which
can, 1n turn, drive rotation of the brushing member 120 (via
drive coupling connector 132).
The rotor portions 160 may also be coupled to each other
and to the brushing member 120 1n other ways. For instance,
in the outrunner example of FIGS. 8 and 9, the rotor portions
160 can drive rotation of the brushing member 120 more
directly. For example, the rotating shell 166 can act as a
drive member that 1s coupled to the brushing member 120
(e.g., using a drive coupling). Rotation of the shell 166 can
thus drive rotation of the brushing member 120.

Alternately, the rotating shell 166 may be directly con-
nected to the brushing member 120. For example, the
rotating shell 166 may be non-rotatably secured to the inner
surface of the brushing member, such as by a mechanical
fastener (e.g., a screw), a locking fit or the like. Accordingly,
an outer surface of the rotating shell 166 may abut the inner
surface of the brushing member 120. The outer surface of the
rotating shell 166 may engage the inner surface of the
brushing member 120 (e.g., through a frictional engagement
or mating engagement members) such that rotation of the
shell 166 can directly drive rotation of the brushing member
120 through the frictional engagement. For example, as
shown 1n FIG. 17, the rotating shell 166 may be integrated
with a motor housing 146. The outer surface 141 of motor
housing 146 can engage the inner surface 143 of the brush-
ing member 120 as shown. Accordingly, rotation of the rotor
portions 160 (provided as part of shell 166 and thus motor
housing 146) can drive rotation of the brushing member 120
directly.

As shown 1n FIG. 7, each rotor portion 160 can include
one or more rotor magnetic elements 162 that generate the
rotor magnetic fields. Each stator portion 170 can include
one or more stator magnetic elements 172 that generate the
stator magnetic fields. Field coils (i.e., electromagnets that
generate a magnetic field when electric current 1s driven
therethrough) can be used to provide one of the rotor
magnetic elements 162 and the stator magnetic elements
172. Permanent magnets may be used to provide the other of
the rotor magnetic elements 162 and the stator magnetic
clements 172.

The brush motor 140 includes a plurality of field coils.
Each motor sub-umt 150 includes at least one of the field
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coils and generally includes a plurality of field coils. Each
field coil 1s coupled to eirther a rotor portion 160 (thereby
providing a rotor magnetic element 162) or a stator portion
170 (thereby providing stator magnetic elements 172) of the
corresponding motor sub-unit 150. The other of the rotor
portion 160 and stator portion 170 can include magnetic
clements 1n the form of permanent magnets. When electrical
current 1s driven through the field coils a magnetic field 1s
generated. The coil magnetic field can interact with the
magnetic field generated by the permanent magnets posi-
tioned on the other of the rotor and the stator portions, to
drive rotation of the rotor portions 160. Depending on the
direction of the current through the field coils (and the
corresponding magnetic field generated) as well as the
rotational position of the rotor portions, the respective
magnetic fields of the stator and rotor can attract or repel one
another 1n order to drive rotation of the rotor portions 160.
A motor controller (not shown) can drive the electrical
current through the plurality of field coils 1n order to provide
the desired motoring operation.

Typically, each of the rotor magnetic elements 162 can be
provided using permanent magnets, and each of the stator
magnetic elements 172 are field coils. This may simplify the
clectrical connections required to energize and control the
field coils. The stator portions 170 may include coil formers
or poles (not shown) about which the field coils can be
wound.

Alternately, each of the rotor magnetic elements 162 may
be provided using field coils and each of the stator magnetic
clements 172 may be provided using permanent magnets.

As shown, the rotor portions 160 can include coil formers
164 on which the field coils can be wound. Accordingly,
field coils (not shown) can be wound around the coil formers
164 to provide the rotor magnetic elements 162 for each
motor sub-unit 150. The stator magnetic elements 172 can
thus be provided by permanent magnets.

In an outrunner configuration, as shown i FIGS. 8 and 9,
the rotor magnetic elements 162 can be integrated into or
fixed to the rotating shell 166. In some embodiments, the
brush motor 140 may not include a rotating shell 166. For
example, the rotor magnetic elements 162 may be integrated
into or directly fixed to the brushing member 120.

Referring again to the example of FIG. 7, the magnetic
clements of each motor sub-unit 150 may be angularly
aligned 1n a circumiferential direction about the motor axis
142. That 1s, the rotor magnetic elements 162 of each motor
sub-unit 150 (in this example, field coils) can be aligned
with the rotor magnetic elements 162 of each other motor
sub-unit 150. In the illustrated example, the rotor magnetic
clement 162 for each motor sub-unit 150 1s provided by a
field coil, and so each field coil 1s also angularly aligned with
cach other field coil 1n the circumierential direction about
the motor axis 142. Likewise, the stator magnetic elements
172 of each motor sub-unit 150 (in this example, permanent
magnets) are similarly aligned with the stator magnetic
clements 172 of each other motor sub-unit 150.

The stator magnetic elements 172 can be evenly distrib-
uted around the stator portion. In this example, with four
stator magnetic elements 172 per motor sub-unit 150, each
motor sub-unit 150 includes a stator magnetic element 172

positioned at 0°, 90°, 180°, and 270°. Diflerent numbers of
stator magnetic elements may be provided in different

embodiments and the intervals between adjacent stator mag-
netic elements 1n a stator portion can vary accordingly. It
will be appreciated that the rotors and/or stators may be
provided at any angular position known 1n the art.
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The rotor magnetic elements 162 may be similarly dis-
tributed around the circumierence of the rotor portions at
even 1ntervals. With four rotor magnetic elements 162 per
motor sub-unit 150, each motor sub-unit 150 includes rotor
magnetic elements 162 spaced apart at 90° intervals. Dii-
ferent numbers of rotor magnetic elements may be provided
in different embodiments and the intervals between adjacent
rotor magnetic elements 1n a rotor portion can vary accord-
ingly.

In other embodiments, the magnetic elements of the
motor sub-units can be angularly spaced apart or offset in a
circumierential direction about the motor axis 142. For
example, the rotor magnetic elements 162 of each motor
sub-unit 150 can be angularly offset from the rotor magnetic
clements 162 of at least one other motor sub-unit. In some
cases, the rotor magnetic elements 162 of each motor
sub-unit 150 can be angularly oflset from the rotor magnetic
clements 162 of each other motor sub-unit 150.

The angular oflset between magnetic elements 1n the
motor sub-umts 150 may vary depending on the number of
motor sub-units and the intervals between the magnetic
clements 1n each motor sub-unit. For example, where four
motor sub-units 150 are provided with magnetic elements
angularly spaced at 90° intervals, each motor sub-unit 150
may be provided with an offset of 22.5° relative to the
nearest (in terms of angular spacing ol magnetic elements)
motor sub-unit 150. That 1s, a first motor sub-unit 150 may
include rotor magnetic elements 162 angularly positioned at
0°, 90°, 180°, and 270°; a second motor sub-unit 150 may
include rotor magnetic elements 162 angularly positioned at
22.5°,112.5°,202.5°, and 292.5°; a third motor sub-unit 150

may include rotor magnetic elements 162 angularly posi-
tioned at 45°, 135°, 225° and 3135°;, and a fourth motor

sub-unit 150 may include rotor magnetic clements 162
positioned at 67.5°, 157.5°, 247.5°, and 337.5°. As another
example, where three motor sub-units 150 are provided with
magnetic elements angularly spaced at 90° intervals, each
motor sub-unit 150 may be provided with an offset of 30°
relative to the nearest (1n terms of angular spacing of
magnetic elements) motor sub-unit 150.

Although the angular spacing between magnetic elements
1s described 1n relation to rotor magnetic elements 162, 1t
should be understood that the stator magnetic elements 172
of each motor sub-unit 150 may be angularly oflset from the
stator magnetic elements 172 of one or more other motor
sub-unit 150.

An advantage of this configuration i1s that the motor
sub-units may generate torque at different rotational posi-
tions. Accordingly, electric current can be selectively
directed to the field coils of diflerent motor sub-units based
on the rotational position of the rotor portions 160 to smooth
the torque produced by the brush motor 140. For example,
where the motor sub-units 150 are provided with field coils
oflset by 22.5°, the motor controller may direct current to a
first field coil when the rotational position 1s 0° to 22.5°, a
second field coil when the rotational position 1s 22.5° to 45°,
a third field coi1l when the rotational position 1s 45° to 67.5°,
a fourth field coil when the rotational position 1s 67.5° to
90°, etc. By applying electric current to different field coils
at different the rotational positions, torque can be generated
at each rotational position, resulting 1n an overall smoother
or more consistent torque across the rotational positions (see
c.g., FIG. 16).

The arrangement of the brush motor 140 may facilitate a
reduced size for a household appliance by allowing the
brush motor 140 and the brushing member 120 to be
positioned relative to each other 1n various configurations.
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For example, the brush motor 140 can positioned inside
the brushing member 120 (see e.g., FIGS. 3, 5, 6, 10-12 and
17). The brushing member 120 can include an internal
member cavity 129 (see e.g., FIG. 3). Internal member
cavity 129 can define an inner member volume surrounded
by the brushing member 120. The brush motor 140 can be
disposed within this inner member volume. The brush motor
may occupy a portion or a majority of cavity 129 (e.g., 40%,
50%, 60%, 70%, 80%, 90% or more). The bush motor may
have a length with 1s, e.g., 40%, 50%, 60%, 70%, 80%, 90%
or more of the axial length of the brushing member 120
and/or may occupy 40%, 50%, 60%, 70%, 80%, 90% or
more of the cross-sectional area of the cavity 129 (in a
direction transverse to axis 122).

An advantage of this configuration 1s that the brush motor
140 does not occupy additional space within the surface
cleaning apparatus 100. This may allow the size of surface
cleaning apparatus 100 to be reduced or permit additional
components to be installed within the surface cleaning
apparatus 100.

Alternately, the brush motor 140 may be external to the
brushing member 120. For example, the brush motor 140
and the brushing member 120 may be arranged 1n a parallel
or side-by-side arrangement. In such arrangement, the brush
motor 140 and the brushing member 120 may be drivingly
connected using various coupling elements such as a drive
belt, or other suitable coupling.

As shown 1n FIG. 3, the brushing member 120 can extend
longitudinally between a first end 126 and a second opposed
end 128. A brush member axis 122 can extend longitudinally
between the first and second opposed ends 126 and 128 of
the brushing member 120. The brush member axis 122 may
be defined as the rotational axis of brushing member 120. As
illustrated 1n FIGS. 3 and 5, motor axis 142 and the brush
member axis 122 can be colinear. Alternately, the brush
member axis 122 and the motor axis 142 may be parallel
(¢.g., where the brush motor 140 1s disposed outside the
brushing member 120).

As shown 1n FIG. 3, the brush motor 140 and brushing
member 120 can both be disposed within a housing of the
surface cleaning head 110. In the illustrated example, the
brush motor 140 1s non-rotationally mounted to the surface
cleaning head 110 wvia the head connector 134. In this

manner, the brush motor 140 can drive the brushing member
120 to rotate relative to the fixed portion of the brush motor
140 and the surface cleaning head 110.

However, 1t will be appreciated that the brush motor 140
and the brushing member 120 may be positioned 1n various
locations of a surface cleaning apparatus 100.

The brush motor 140 can be contained within a housing
146. The housing can enclose various internal components
of the brush motor 140. The housing 146 can protect the
interior components and allow for easier handling of the
brush motor 140. In such a case, the housing 140 may itself
be drivingly connected to the brush member, such as by a
friction fit as discussed previously.

In some cases, one or more ol the interior components
may be supported by or mounted to the housing 146. For
example, the housing 146 may support the stator portions 1n
fixed relation to an appliance. However, it should be appre-
ciated that a separate housing may be omitted in some
examples, such as the motor shown i FIGS. 8 and 9.

The brush motor 140 may be configured to be used with
rotatable output members of various dimensions. The con-
figuration of the motor sub-units 150 may be particularly
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advantageous for motors used in appliances having longi-
tudinally extending sections or longitudinally extending
output members.

As shown 1n FIG. 3, the plurality of motor sub-units 150
may extend between a first motor unit end 145 and a second
motor unmt end 147. The longitudinal distance between the
first motor unit end 145 and the second motor unit end 147
can define the longitudinal length of the brush motor 140.
Although a drive coupling such as drive shait 144 may
extend beyond the longitudinal length of the brush motor
140, 1t should be understood that the longitudinal length of
the brush motor 140 described herein generally relates to the
longitudinal distance required to house the motoring com-
ponents of the plurality of motor sub-units 150.

In some examples, the brush motor 140 may have a
longitudinal length of from about 3 inches to about 20
inches, or any length therebetween, such as 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18 or 19 inches. The brush
motor 140 may have a length that 1s comparable to the length
of a brushing member 120 in a full sized surface cleaning
head, wherein the longitudinal length of the brushing mem-
ber 120 can be defined as the longitudinal distance between
the first and second opposed ends 126 and 128. Accordingly,
the brush motor 140 may have a length that 1s, e.g., from
about 9- to about 20 inches, from about 9- to about 18
inches, from about 12- to about 18 inches or from about 10-
to about 15 inches. Alternately the brush motor 140 may
have a length that 1s comparable to the length of a brushing
member 120 1n a compact above floor surface cleaning head,
¢.g., from about 2- to about 8, from about 3- to about 8, from
about 3- to about 6 inches.

The brush motor 140 may have a longitudinal length less
than the length of the brushing member 120. However, as
discussed previously, the brush motor 140 may extend along
a majority of the longitudinal length of the brushing member
120. This may help distribute the heat generation along the
length of brushing member 120 (which may promote greater
heat dissipation). For example, brush motor 140 may have a
longitudinal length of at least 50% the longitudinal length of
the brushing member 120. In some example, the brush motor
140 may have a longitudinal length of at least 75% of the
longitudinal length of the brushing member 120.

In some examples, the brush motor 140 and/or brushing
member 120 may also include various heat dissipation
members. For example, FIG. 10 shows an example brush
motor 140 coupled to a plurality of heat dissipation members
in the form of tlaps 148. Flaps 148 can be thermally coupled
to the brush motor 140 to promote heat transier between the
brush motor 140 and the brushing member 120. Flaps 148
can extend radially outward from the brush motor 140 to the
iner surface of the brushing member 120. The tlaps 140
may be attached to one or both of the brush motor 140 and
the brushing member 120. Any means known 1n the art may
be used to secure the flaps 148 1n position. It will be
appreciated that the flaps 148 may be used to secure brush
motor 140 1n position 1 brushing member 120. For
example, the flaps 148 may be secured to, e.g., the inner
surface of the brushing member 120 and also the brush
motor 140.

FIG. 11 shows another example brush motor 140 coupled
to heat dissipation members 1n the form of thermally con-
ductive fill 149. As shown, the thermally conductive fill 149
1s enclosed within the inner volume of the brushing member
120. The thermally conductive fill 149 can promote heat
transier between the brush motor 140 and the brushing
member 120. The thermally conductive fill 149 can be any
suitable material for conducting heat, including, for
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example, carbon, metal, and the like. It will be appreciated
that the fill 149 may be used to secure brush motor 140 in
position 1 brushing member 120.

In some embodiments, additional components can be
stored within the brushing member 120, 1n addition to the
brushing motor 140. For example, energy storage members
for brushing motor 140 (and/or other components of house-
hold appliance) may be contained within the brushing mem-
ber 120. Alternately or in addition, control components for
brushing motor 140 (and/or other components of household
appliance) may be contained within the brushing member
120.

FIG. 12 shows a plurality of energy storage members in
the form of battery packs 180. As shown, the battery packs
180 are disposed within the inner volume of the brushing
member 120 (in addition to the brush motor 140). In some
examples, the battery packs 180 may be permanently fixed
within brushing member 120 and rechargeable 1n-situ. Alter-
nately, the battery packs 180 may be removable from the
brushing member 120. Although four battery packs 180 are
shown 1n the illustrated example, 1t should be appreciated
that there can greater or fewer battery packs 180 may be
used. Further, each battery pack 180 may be a single battery
(without a battery pack housing) or a plurality of batteries
provided in a housing).

Energy storage members 180 can be used to supply power
to the brush motor 140. Alternately or 1n addition, energy
storage members 180 may supply power to other electrical
components of the surface cleaning apparatus 100, such as
head lights for the surface cleaning head. An advantage of
this configuration 1s that the battery packs 180 do not occupy
additional space within the surface cleaning apparatus 100.
This may allow for additional components to be disposed
within the surface cleaning head 110 or may allow the size
of surface cleaning head 110 to be reduced.

Referring now to FIGS. 13 and 14, shown therein are
example motor control circuits 200 and 300. The motor
control circuits 200 and 300 are example implementations of
switching circuits that may be used with a motor controller
(not shown) for the brush motors described herein. The
motor controller can be implemented using various elec-
tronic control components, such as a such as a general-
purpose microprocessor, field programmable gate array,
application specific integrated circuit, microcontroller, or
other suitable controller.

In general, the motor controller can be used to control the
flow of current through the field coils of the motor sub-units
150. The motor controller can direct electric current through
the plurality of field coils 210 to drive rotation of the rotor
portions 160. Motor controller can also be configured to
monitor the operation of the various motor sub-units 150,
including determining the position of the various rotor
portions. The motor controller can receive electrical power
from various power sources, including, for example, the
energy storage members 180, or an electrical cable (not
shown) that can be electrically connected to mains power at
a standard wall electrical outlet.

In some embodiments, the motor controller can direct
clectric current to each of the field coils 210 simultaneously.
For example, as shown in FIG. 13, each field coil 210 can
be connected 1n series so that each field coil 210 receives
power simultaneously. This may be useful for brush motors
in which each field coil 210 1s angularly aligned with each
other field coil 210 1n a circumierential direction about the
motor axis 142.

An example of the torque generated by field coils 210
receiving electric current simultaneously 1s illustrated in
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graph 400 shown 1n FIG. 15. In the illustrated example, each
field coi1l 210 1s angularly aligned with each other field coil
210 1n a circumierential direction about the motor axis 142.
Graph 400 illustrates the torque versus rotational position
for a single field coil 210 1n data series 402, two field coils
210 1n data series 404, three field coils 210 1n data series 406,
and four field coils 210 1n data series 408. As shown, the
maximum torque can be increased by adding additional field
coils 210. However, 1n this configuration there are rotational
positions where minimal torque 1s generated.

Alternately, the motor controller can be configured to
selectively direct electric current to each of the field coils
210 individually. For example, as shown 1n FIG. 13, each
field coil 210 can be connected 1n parallel. The field coils
may be selectively powered using the switches 220. The
switches 220 can be any suitable switches for connecting or
disconnecting the field coils 210, including, for example,
field effect transistors (FET), insulated-gate bipolar transis-
tors (IGBT), and the like.

The motor controller can be configured to selectively
direct electric current to each of the field coils 210 based on
the angular position of the rotor portions 160. When each
field coil 210 1s angularly spaced apart from each other field
coil 210 1n the circumierential direction about the motor axis
142, the motor controller can direct the electric current based
on the rotational position of the rotor portions 160 to smooth
the generated torque.

An example of the torque generated by field coils 210
receiving electric current based on the angular position of
the rotor portions 160 1s shown 1n FIG. 16. In the 1llustrated
example, each field coil 210 1s angularly spaced apart from
cach other field coil 210 1n the circumiferential direction
about the motor axis 142. Graph 500 illustrates the torque
versus rotational position for a first field coil 210 1n data
series 502, a second field coil 210 1n data series 504, a third
field coil 210 1n data series 506, and a fourth field coil 210
in data series 508. As shown, the motor controller can
selectively direct electric current to the field coils 210 to
generate an overall torque that 1s more consistent (i.e.,
smoothed) across different rotational positions.

The motor controller can selectively direct electric current
to each of the field coils 210 based on the angular position
of the rotor portions 160 1n various ways. In some embodi-
ments, the brush motor may include a position sensor
operable to detect the angular position of the rotor portions
160. The motor controller may actuate the switches 220 1n
response to position sensor readings.

In some embodiments, the motor controller may include
reed switches that actuate 1n response to a magnetic field
generated by magnetic elements disposed 1n the rotor por-
tions 160. The reed switches can actuate 1n response to the
change 1n position of the magnetic elements as the rotor
portions 160 are rotated. In the 1illustrated example, the
switches 220 may be reed switches.

In some embodiments, the motor controller may include
one or more brushes. The brushes can be positioned to
contact the rotor portions 160 at certain angular positions of
the rotor portions 160 to selectively connect to the field coils
210 as the rotor portions 160 are rotated. In the 1llustrated
example, the switches 220 may represent one or more
brushes. It will be appreciated that any feature disclosed here
may be used in a brushless motor.

In some embodiments, the motor controller may receive
a Irequency signal from an external frequency source. The
frequency signal can correspond to the rotational speed of
the rotor portions 160. The motor controller can selectively
direct electric current to the field coils 210 based on the
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frequency signal. For example, the motor controller may
actuate the switches 220 based on the frequency signal. The
motor controller can cause the field coils 210 to receive the
clectric current at predetermined times associated with the
frequency signal corresponding to presumed angular posi-
tions of the rotor portions 160.

In some embodiments, the motor controller may include
delay elements, including, for example, capacitive compo-
nents, iductive components, and the like. The delay ele-
ments can delay the tlow of electric current to the field coils
210. The delay may correspond to the rotational speed of the
rotor portions 160. For instance, in FIG. 13, delay elements
can be disposed 1n between the field coils 210 connected 1n
series. The delay elements can cause the field coils 210 to
receive the electric current at predetermined times corre-
sponding to the presumed angular positions of the rotor
portions 160.

While the above description describes features of example
embodiments, 1t will be appreciated that some {features
and/or Tunctions of the described embodiments are suscep-
tible to modification without departing from the spirit and
principles of operation of the described embodiments. For
example, the various characteristics which are described by
means of the represented embodiments or examples may be

selectively combined with each other. Accordingly, what has
been described above 1s intended to be illustrative of the
claimed concept and non-limiting. It will be understood by
persons skilled in the art that other variants and modifica-
tions may be made without departing from the scope of the
invention as defined 1n the claims appended hereto. The
scope of the claims should not be limited by the preferre
embodiments and examples but should be given the broadest
interpretation consistent with the description as a whole.

The 1nvention claimed 1s:
1. A motor for use with a household appliance comprising
a rotatable output member, the motor comprising:

a plurality of field coils;

a first motor sub-unit comprising a {irst rotor portion, a
first stator portion, and a first field coil of the plurality
of field coils, wherein the first field coil 1s coupled to
one of the first rotor portion and the first stator portion,
and the first rotor portion 1s rotatable about a motor
axis;

a second motor sub-unit comprising a second rotor por-
tion, a second stator portion, and a second field coil of
the plurality of field coils, wherein the second field coil
1s coupled to one of the second rotor portion and the
second stator portion, and the second rotor portion 1s
rotatable about the motor axis, the second motor sub-
unmit being axially spaced along the motor axis from the
first motor sub-unit, wherein each rotor portion 1is
operable to generate a rotor magnetic field, and each
stator portion 1s operable to generate a stator magnetic
field opposing the rotor magnetic field of a correspond-
ing rotor portion thereby driving rotation of the rotor
portions;

a third motor sub-unit comprising a third rotor portion,
a third stator portion, and a third field coil of the
plurality of field coils, wherein the third field coil 1s
coupled to one of the third rotor portion and the third
stator portion and the third motor sub-unit 1s axially
spaced along the motor axis from the first motor
sub-unit and the second motor sub-unit; and,

a motor controller operable to direct electric current
through the plurality of field coils thereby generating at
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least one of the stator magnetic fields and the rotor

magnetic fields and driving rotation of the rotor por-

tions;

wherein the rotor portions are drivingly connectable to
the output member such that rotation of the rotor
portions drives rotation of the output member.

2. The motor of claim 1, wherein each rotor portion 1s at
least partially surrounded by a corresponding stator portion.

3. The motor of claim 1, wherein the first motor sub-unait,
second motor sub-unit and the third motor sub-unit are
arranged linearly.

4. The motor of claim 1, wherein each field coil 1s
angularly spaced apart from each other field coil 1n a
circumierential direction about the motor axis.

5. The motor of claim 1, wherein the motor controller 1s
operable to selectively direct the electric current to each of
the field coils based on the angular position of the rotor
portions.

6. The motor of claim 1, wherein the first motor sub-unit
1s drivingly connected to the second motor sub-unit and the
second motor sub-unit 1s drivingly connected to the brushing
member.

7. A brush motor positionable 1nside a rotatable brushing
member, the brush motor comprising:

a plurality of field coils;

a first motor sub-unit comprising a first rotor portion, a
first stator portion, and a first field coil of the plurality
of field coils, wherein the first field coil 1s coupled to
one of the first rotor portion and the first stator portion,
and the first rotor portion 1s rotatable about a motor
axis;

a second motor sub-unit comprising a second rotor por-
tion, a second stator portion, and a second field coil of
the plurality of field coils, wherein the second field coil
1s coupled to one of the second rotor portion and the
second stator portion, and the second rotor portion 1s
rotatable about the motor axis, the second motor sub-
unit being axially spaced along the motor axis from the
first motor sub-unit, wherein each rotor portion 1is
operable to generate a rotor magnetic field, and each
stator portion 1s operable to generate a stator magnetic
field opposing the rotor magnetic field of a correspond-
ing rotor portion thereby driving rotation of the rotor
portions; and,

a motor controller operable to direct electric current
through the plurality of field coils thereby generating at
least one of the stator magnetic fields and the rotor
magnetic fields and driving rotation of the rotor por-
tions;
wherein the rotor portions are drivingly connected to a

shared drive member, and the shared drive member
1s drivingly connectable to the brushing member
such that rotation of the rotor portions drives rotation
of the brushing member via the shared drive mem-
ber.

8. The brush motor of claim 7, wherein each rotor portion
1s at least partially surrounded by a corresponding stator
portion.

9. The brush motor of claim 7, wherein each field coil 1s
angularly spaced apart from each other field coil 1n a
circumierential direction about the motor axis.

10. The brush motor of claam 7, wherein the motor
controller 1s operable to selectively direct the electric current
to each of the field coils based on the angular position of the
rotor portions.

11. The motor of claim 7, wherein the shared drive
member 15 a central drive shaft.
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12. The motor of claim 7, wherein the shared drive
member 1s a rotating shell.

13. The brush motor of claim 7, further comprising:

a third motor sub-unit comprising a third rotor portion, a
third stator portion, and a third field coil of the plurality
of field coils, wherein the third field coil 1s coupled to
one of the third rotor portion and the third stator portion
and the third motor sub-unit 1s axially spaced along the
motor axis from the first motor sub-unit and the second
motor sub-unit.

14. The brush motor of claim 13, wherein the first motor
sub-unit, second motor sub-unit and the third motor sub-unit
are arranged linearly.

15. A surface cleaning apparatus comprising:

a dirt inlet;

a rotatable brushing member having first and second
longitudinally opposed ends and a brush member rota-
tional axis extending longitudinally between the first
and second opposed ends; and

a brush motor drivingly connected to the rotatable brush-
ing member, the brush motor comprising:

a plurality of field coils;

a first motor sub-unit comprising a first rotor portion, a
first stator portion, and a first field coil of the
plurality of field coils, wherein the first field coil 1s
coupled to one of the first rotor portion and the first
stator portion, and the first rotor portion 1s rotatable
about a motor axis;

a second motor sub-unit comprising a second rotor
portion, a second stator portion, and a second field
coil of the plurality of field coils, wherein the second
field co1l 1s coupled to one of the second rotor portion
and the second stator portion, and the second rotor
portion 1s rotatable about the motor axis, the second
motor sub-unit being axially spaced along the motor
axis from the first motor sub-unit, wherein each rotor
portion 1s operable to generate a rotor magnetic field,
and each stator portion i1s operable to generate a
stator magnetic field opposing the rotor magnetic
field of a corresponding rotor portion thereby driving
rotation of the rotor portions; and,

motor controller operable to direct electric current
through the plurality of field coils thereby generating
at least one of the stator magnetic fields and the rotor
magnetic fields and driving rotation of the rotor
portions;

wherein the rotor portions are drivingly connected to
the brushing member such that rotation of the rotor
portions drives rotation of the brushing member; and
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wherein the first motor sub-unit 1s directly dnivingly
connected to the second motor sub-unit and the
second motor sub-unit 1s drivingly connected to the
brushing member.
16. The surface cleaning apparatus of claim 15, wherein:
the surface cleaming apparatus defines a cleaning head
housing; and
the brush motor and brushing member are both disposed

within the cleaning head housing.

17. The surface cleaning apparatus of claim 15, wherein
the brush member axis and the motor axis are colinear.

18. The surface cleaning apparatus of claim 135, wherein
cach rotor portion 1s at least partially surrounded by a
corresponding stator portion.

19. The surface cleaning apparatus of claim 15, wherein
cach field coil 1s angularly spaced apart from each other field
coil 1 a circumierential direction about the motor axis.

20. The surface cleaning apparatus of claim 15, wherein
the motor controller 1s operable to selectively direct the
clectric current to each of the field coils based on the angular

position of the rotor portions.
21. The surface cleaning apparatus of claim 15, wherein

the brush motor further comprises:
a third motor sub-unit comprising a third rotor portion, a

third stator portion, and a third field coil of the plurality
of field coils, wherein the third field coil 1s coupled to
one of the third rotor portion and the third stator portion
and the third motor sub-umit i1s axially spaced along the
motor axis from the first motor sub-unit and the second
motor sub-unit.

22. The brush motor of claim 21, wherein the first motor
sub-unit, second motor sub-unit and the third motor sub-unit
are arranged linearly.

23. The surface cleaning apparatus of claim 15, wherein
the brushing member comprises a member cavity defining
an inner member volume surrounded by the brushing mem-
ber and the brush motor 1s disposed within the mnner member
volume.

24. The surface cleaning apparatus of claim 23, wherein
the brushing member comprises one or more flaps extending
from the brushing member into the mner member volume,
and the one or more tlaps are thermally coupled to the brush
motor within the inner member volume thereby promoting
heat transfer between the brush motor and the brushing
member.

25. The surface cleaning apparatus of claim 23, further
comprising a thermally conductive fill enclosed within the
inner member volume, the thermally conductive fill promot-
ing heat transfer between the brush motor and the brushing
member.
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