»UK Patent  .,GB

2911552 1D

(45)Date of B Publication 16.09.2020

(54) Title of the Invention: A Cleaner head for a vacuum cleaner

(51) INT CL: A47L 9/04 (2006.01)

(21) Application No: 1803345.6
(22) Date of Filing: 01.03.2018
(43) Date of A Publication 04.09.2019

(56) Documents Cited:
US 5056175 A

(58) Field of Search:

As for published application 2571552 A viz:
INT CL A47L

Other: WPI, EPODOC

updated as appropriate

Additional Fields
Other;: None

(72) Inventor(s):

Richard lain Mockridge
Anthony Andrew Buchanan Harker
William James Baker

(73) Proprietor(s):
Dyson Technology Limited
Tetbury Hill, Malmesbury, Wiltshire, SN16 ORP,

United Kingdom

(74) Agent and/or Address for Service:

Dyson Technology Limited
Intellectual Property Department, Tetbury Hill,
MALMESBURY, Wiltshire, SN16 ORP, United Kingdom

d ¢44l.G¢ 99



1/13

25

10

Fig. 1



2/13

10

25

\\\\\\\\\\\\\\\\\\\\. m_

%
p

o

W

29

Fig. 2



3/13

10

Fig. 3



4/13

10

Fig. 4



5/13

Fig. 7



6/13

35 79

£

Q
wvww .\.\.\L\.\\‘ i —\\.\.\\.\.\ .
e FFa—=dhy
i.r(l o - v !i u
v wn .
g
4

P

YT aaan's O LR B LY

. oy M’ AL F I I PP, .\.\.\.\.\.\.\.\.\.\H\.\t’t’d‘.\.
Lyl TN — el e ooooeeeesecd . - - - . .
s B e e e e e A e Fi. - - g
_ \.\.\.\-\. Frrrrp
: 4 H

’/
“ .\\\.ﬁtw
17 .w s ngpr s r
- £ s\ - y :

._ - - - - - T A AN e e " - B —— -
- ' P} . ‘l - > .u l - A ﬁ‘ k)_ Pt - - ““ ﬂ.] ' - .“- )
\\‘\3](((.\\\\.5.\ ¥ PPN TY AP M\\.\ A PP v F((].r.l-; . Iy &\I\! I Faaaast \-IE\I\\\H\ > - —t \ﬂqnlrfrf[:\
A ) - A A A
. ' f
v & g .
vl .
.I\.“. e ..lj_‘iM

0§ CL 4%

b 09 %
oS

91

Fig. 8



7/13

10

32

-+
™

1
AT e
B j

\

x W e e e e e e e G e e G e G e G e S W e S e S e S e G e S e S e G e G e e e G e G e e e e e e e e e e g gL WL WL CWLOWLCWLOWLOWL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL WL W WL W,

p s
ate

"l i’ ol ol
T

W W W W W W W W W W W WW W

-t TN EEY
......

Fig. 9

Fig. 10



8/13

S

{ A "'J)\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\.':a"*‘i-"

M\f s

v.-“-'\,. I,;---r

ﬂ, "\m

\ Y

34

1 ‘- \-- -
22 N,
N, -
2w !I -
. ., )
.,
., :
P, Vo
3 B
»
,
AN S L b N
R B {1 03 s E
| NG [ 2

Fig. 12

30

78

78




9/13

Fig. 13



10/13

Fig. 14

32

Fig. 15



11/13




12/13

SASLSSSL L LL L LN

‘.L

Fig. 21

Lam an e g de die S die die e d dhe e e g dhe e de g g e g dhe g g dhe i i g g e e die g e g g g e g die e g b i g dhe g e e g e g g g e g g e e g g e g g g g g g e g de e g g b B BB B R L L L L L

0

1

OO0
. . '
B . . '
L [] A
Cd .

b L & 4




13/13

100

Fig. 23



10

15

20

235

30

1

A CLEANER HEAD FOR A VACUUM CLEANER

FIELD OF THE INVENTION

The present invention relates to a cleaner head for a vacuum cleaner.

BACKGROUND OF THE INVENTION

Cleaner heads for vacuum cleaners typically comprise an agitator for agitating
debris located upon a surface, with the agitator being rotatably mounted within a
housing of the cleaner head.

As the cleaner head is moved back and forth across a surface to be cleaned,
any variation of the surface, for example a variation in carpet pile depth or
density, can result in a variation in the force and power applied to the carpet by
the agitator. Furthermore, where the cleaner head is used on surfaces having
different properties, for example carpets having differing pile thickness or
density, the force and power applied to the carpet by the agitator may vary

depending on the surface being cleaned.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a cleaner
head for a vacuum cleaner, the cleaner head comprising a housing, an agitator
mounted within the housing, and a drive mechanism for driving the agitator
about a first axis, wherein the drive mechanism is mounted to the housing for
rotation about a second axis, the second axis is offset from the first axis, and
when the agitator is brought into contact with a surface to be cleaned, the
surface exerts a reaction torque on the agitator that causes the drive

mechanism to rotate about the second axis.
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The cleaner head according to the first aspect of the present invention may be
advantageous principally as the drive mechanism is mounted to the housing for
rotation about a second axis, the second axis is offset from the first axis, and
when the agitator is brought into contact with a surface to be cleaned, the
surface exerts a reaction torque on the agitator that causes the drive

mechanism to rotate about the second axis.

In particular, as the second axis is offset from the first axis, the agitator may be
movable within the housing, for example in an upward/downward and/or
forward/backward direction, as the drive mechanism rotates about the second
axis. When the cleaner head is placed on a surface to be cleaned in use, and
the agitator contacts the surface to be cleaned, a reaction torque is experienced
by the drive mechanism which causes the drive mechanism to rotate about the
second axis. The initial reaction torque experienced may tend to move the drive
mechanism, and hence the agitator, within the housing In a direction which
reduces the reaction torque experienced, ie In a direction which moves the
agitator out of contact with the surface. This reduction in reaction torque may
enable the cleaner head to transfer more power to the surface than, for

example, a cleaner head having an agitator which is fixed within the housing.

Furthermore, as the cleaner head is moved across the surface to be cleaned,
continual adjustment of the position of the drive mechanism, and hence the
agitator, within the housing due to varying reaction torques experienced may
result in a smaller variation in power draw in use of the cleaner head. Such

adjustment may also occur between surfaces to be cleaned.

Thus the cleaner head according to the present invention may provide for
adjustment of the agitator within the housing both as the cleaner head moves
back and forth across a surface to be cleaned, and between surfaces to be
cleaned, such that the cleaner head has a lower variation in electrical power
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draw than, for example, a cleaner head having an agitator which is fixed within
the housing.

This may enable the cleaner head to operate closer to its maximum continuous
operating point, for example the power draw beyond which a motor of the drive
mechanism may stall or exceed its acceptable temperature limits, as large
variation in power draw across different surfaces no longer needs to be taken
iInto account. This may result in an increase in pick-up performance.

Furthermore, agitators are typically provided with bristles for agitating a surface
to be cleaned, and manufacturing tolerances can cause a variation in bristle
height from agitator to agitator. Such a variation in bristle height can lead to
different reaction torques experienced. The cleaner head of the present
invention may allow for adjustment of the agitator within the housing such that
cleaner heads having different bristle heights have a lower variation in power
draw on a common surface to be cleaned.

The drive mechanism may be movable within the housing, for example in an
upward/downward and/or forward/backward direction, as the drive mechanism

rotates about the second axis.

The agitator may be substantially hollow. The drive mechanism may be housed
at least partially within the agitator, for example substantially entirely within the
agitator. This may be beneficial as it may enable a compact arrangement. A
motor and transmission of the drive mechanism may be housed within the
agitator. This may be beneficial as it may protect the motor and transmission
from dirty air flowing through the cleaner head in use. The agitator may be
rotatable relative to the drive mechanism, for example rotatable about the drive
mechanism. The agitator may comprise a cylinder which encompasses the
drive mechanism, for example a cylinder which surrounds the drive mechanism

and touches the drive mechanism at at least one point.
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The first axis may comprise a longitudinal axis of the agitator and/or drive
mechanism, for example a central longitudinal axis of the agitator and/or drive
mechanism. The drive mechanism and the agitator may comprise a common
central longitudinal axis, for example such that the drive mechanism and the
agitator are concentrically arranged within the housing. By a central longitudinal
axis of the drive mechanism is meant an axis extending longitudinally through
the centre of an imaginary cylinder encompassing the drive mechanism, for
example an imaginary cylinder which surrounds the drive mechanism and
touches the drive mechanism at at least one point. The drive mechanism may
have a substantially cylindrical global form. The second axis may be offset from

a center point of the drive mechanism and/or agitator.

The second axis may be fixed relative to the housing. The second axis may be
located behind the first axis, for example behind the first axis with respect to a
forward direction of motion of the cleaner head in use, ie a direction of motion of
the cleaner head away from the user. This may be beneficial as it may enable
an arrangement where the drive mechanism, and hence the agitator, is located
at a minimum height where a low initial level of reaction torque is experienced
by the drive mechanism In use, and the drive mechanism, and hence the
agitator, is located at a maximum height where a high level of initial reaction
torque Is experienced by the drive mechanism in use. This may enable the
agitator to move away from the surface to be cleaned dependent on the level of
reaction torque experienced, and may be in contrast to an arrangement where
the second axis is located in front of the first axis. In particular, where the
second axis is located in front of the first axis, the reaction torque experienced
would tend to drive the agitator downward within the cleaner head, thereby
further increasing the level of reaction torque experienced.

The cleaner head may comprise a stop mechanism for restricting rotation of the
drive mechanism about the second axis, for example such that motion of the
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drive mechanism within the housing Is restricted to motion between maximum
and minimum heights of the drive mechanism, and hence the agitator, within the
housing. This may be beneficial as it may inhibit the agitator from being
positioned too close to and/or too far away from a surface to be cleaned in use.
The stop mechanism may comprise a first stop member and a second stop
member, the first stop member being configured to prevent motion of the drive
mechanism past a position of maximum height of the drive mechanism within
the housing, and the second stop member being configured to prevent motion
of the drive mechanism past a position of minimum height of the drive
mechanism within the housing.

Rotation of the drive mechanism about the second axis may be restricted such
that substantially the entirety of the agitator is contained within the housing
when the drive mechanism is at a position of minimum height within the
housing. For example, substantially the entirety of the agitator save for bristles
of the agitator may be contained within the housing when the drive mechanism
IS at a position of minimum height within the housing. This may be beneficial as
it may inhibit the main body of the agitator from contacting a low power draw
surface in use, for example a hard floor, and hence may inhibit damage being
caused to the low power draw surface. Where substantially the entirety of the
agitator 1s contained within the housing when the drive mechanism Is at a
position of minimum height within the housing, the properties of bristles of the
agitator may be chosen to provide increased agitation on low power draw
surfaces in use. Examples of properties include the number of strips of bristles,

bristle length, bristle density, bristle thickness, and bristle stiffness.

At least a portion of the agitator may extend out of the housing when the drive
mechanism is at a position of minimum height within the housing. For example,
at least a portion of the main body of the agitator may extend out of the housing
when the drive mechanism is at a position of minimum height with the housing.

This may be beneficial as it may allow for the agitator to extend further into a
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surface to be cleaned In use, and hence may provide enhanced agitation of the

surface to be cleaned. This may also allow for a lower number of bristle strips

and/or a shorter length of bristles to be formed on the agitator.

A portion of the drive mechanism may be rotatable about the first axis to drive
rotation of the agitator, whilst the drive mechanism as a whole Is rotatable about
the second axis. This may be beneficial as it may enable the agitator to perform
its usual agitating function whilst also allowing for the movement of the agitator

within the housing previously described.

The drive mechanism may comprise first and second ends, and each of the first
and second ends may be rotatably connected to the housing such that the drive
mechanism Is rotatable about the second axis. This may be beneficial as it may
ensure that the drive mechanism Is held stably within the housing, for example In

comparison to a drive mechanism cantilevered within the housing.

At least a portion of the drive mechanism may rigidly connect the first and second
ends. This may be beneficial as it may retain the drive mechanism and/or agitator
IN a position substantially parallel to a surface to be cleaned when the drive

mechanism rotates about the second axis in use.

The cleaner head may comprise a biasing mechanism which exerts a biasing
torque on the drive mechanism that acts in a first direction about the second axis,
and when the agitator I1s brought into contact with a surface to be cleaneq, the
reaction torque on the drive mechanism acts in a second opposite direction about
the second axis. Where the reaction torque Is not equal to the biasing torque
provided by the biasing mechanism, the drive mechanism may rotate about the

second axis, thereby causing movement of the agitator within the housing.
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This may be beneficial as rotation of the drive mechanism about the further
rotational axis may cause a variation in the reaction torque experienced, as the
agitator moves out of contact with the surface being cleaned, and rotation of the
drive mechanism may continue until the reaction torque Is equal to the biasing
torque provided by the biasing mechanism. Such a point may be referred to as
an equilibrium point, although It 1s recognised that the system experiences
forces other than the reaction torque and the biasing torque of the biasing
mechanism. Such other forces may be minimised by minimising the offset
distance between the central longitudinal axis of the drive mechanism and the
further rotational axis. As the cleaner head is moved across the surface to be
cleaned, continual adjustment of the position of the drive mechanism, and
hence the agitator, within the housing due to varying reaction torgues
experienced may ensure that an equilibrium point is always reached. The
biasing mechanism may be configured to provide a substantially constant
biasing torque, and hence the cleaner head may have a substantially constant
power draw. Such adjustment may also occur between surfaces to be cleaned.

Thus the cleaner head according to the present invention may provide for
adjustment of the agitator within the housing both as the cleaner head moves
back and forth across a surface to be cleaned, and between surfaces to be
cleaned, such that the cleaner head has a substantially constant electrical
power draw.

This may enable the cleaner head to operate closer to its maximum continuous
operating point, for example the power draw beyond which the motor may stall
or exceed its acceptable temperature limits, as variation in power draw across
different surfaces no longer needs to be taken into account. This may result in
an increase in pick-up performance.

Furthermore, agitators are typically provided with bristles for agitating a surface

to be cleaned, and manufacturing tolerances can cause a variation in bristle
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height from agitator to agitator. Such a variation in bristle height can lead to
different reaction torques experienced. The cleaner head of the present
invention may allow for adjustment of the agitator within the housing such that
cleaner heads having different bristle heights have a substantially constant
power draw on a common surface to be cleaned.

When the agitator is brought into contact with the surface to be cleaned in use,
the drive mechanism may rotate about the second axis in the second direction.
When the agitator is lifted from the surface to be cleaned in use, the drive
mechanism may rotate about the second axis in the first direction. The agitator
may rotate about the first axis in the first direction.

The biasing mechanism may be configured to provide a biasing torque which is
opposite to and/or equal to a reaction torque experienced by the drive
mechanism in use. The biasing mechanism may be configured to provide the
biasing torque in a direction corresponding to a direction of rotation of the

agitator in use.

The biasing torqgue may retain the drive mechanism at an initial position within
the housing, for example in the absence of any reaction torque. This may be
beneficial as this may provide a known starting position for the drive
mechanism, and hence the agitator, within the housing. The initial position may
comprise a position of maximum or minimum height of the drive mechanism
within the housing, for example a position of maximum or minimum distance
measured orthogonal to a surface to be cleaned when the cleaner head is

positioned on the surface to be cleaned.

At least a portion of the drive mechanism may define the second axis. For
example, the drive mechanism may comprise at least one spigot defining the

second axis.
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The biasing mechanism may be connected to the at least one spigot such that
the biasing mechanism is able to transmit a rotational force, for example the
biasing torque, about the second axis. This may be beneficial as it may enable
the biasing mechanism to oppose rotation of the drive mechanism about the
second axis as a result of a reaction torque experienced when the agitator
contacts a surface to be cleaned in use. Rotation of the drive mechanism about
the second axis against the biasing torque exerted by the biasing mechanism
may move the drive mechanism and/or agitator within the housing, for example
raising and/or lowering the drive mechanism and/or agitator within the housing
and/or moving the drive mechanism and/or agitator forward and/or backward
within the housing.

The biasing mechanism may comprise a resiliently deformable member held
under tension, and the resiliently deformable member may, for example, be
connected to the at least one spigot, either directly or indirectly. The resiliently
deformable member may comprise a spring. The use of a spring may provide a
simple biasing mechanism which can act independently of, for example, user
iInput and/or computerised control inputs.

The at least one spring may comprise a single spring. This may be beneficial
as a single spring may enable the use of a larger pre-load to maintain the drive
mechanism In an initial position within the cleaner head. A larger pre-load may
mean that a given amount of spring extension will cause a smaller proportional
change in the force provided by the spring. For example, a relatively small
extension of the spring may produce such a small increase in force that the
restorative force of the spring can be viewed as substantially constant. A larger
pre-load may allow the spring to be fitted so as to pull onto a smaller radius,
thereby minimising the necessary change in extension of the spring through a
given angular rotation of the drive, and minimising the change Iin the

substantially constant force provided by the spring.
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The at least one spring may comprise a coil spring, or a constant force spring,
or a torsional spring. A coil spring may be beneficial as coil springs are simple
and inexpensive, may have a long lifetime, and may allow for relatively easy
tuning of the biasing mechanism post manufacture.

The biasing mechanism may comprise an inextensible connection member
connecting the resiliently deformable member to the at least one spigot. This
may be beneficial as it may enable the resiliently deformable member to exert a
force on the at least one spigot. The spigot may comprise a drum about which
the Inextensible connection member may wind and unwind. This may be
beneficial as it may enable linear displacement of the resiliently deformable
member to be converted into rotational movement of the at least one spigot.
For example, a linear displacement force applied by the resiliently deformable
member may be converted into a rotational force, ie a torque, about the second

axis.

The drum may have a variable radius, for example such that a cross-section
through the drum is substantially elliptical in form. This may be beneficial as it
may help to minimise any variations in the biasing torque provided by the
biasing mechanism.

The cleaner head may comprise at least one pulley through which the
inextensible connection member passes in use. This may be beneficial as the
at least one pulley may allow the at least one spring to be located remotely of

the drive mechanism within the cleaner head.

The housing may comprise a chamber within which the agitator and drive
mechanism are mounted, a dirty air inlet in fluld communication with the
chamber, and a further chamber within which the biasing mechanism is located.

This may be beneficial as the biasing mechanism may be located remotely from
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dirty air flow through the cleaner head in use, and hence clogging of the biasing
mechanism by dirt and debris and the like may be avoided.

According to a second aspect of the present invention there is provided a
vacuum cleaner comprising a cleaner head according to the first aspect of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the present invention, and to show more clearly
how the invention may be put into effect, the invention will now be described, by

way of example, with reference to the following drawings:

Figure 1 is an upper front perspective view of a cleaner head according to the

present invention;

Figure 2 is a rotated perspective view of the cleaner head of Figure 1;

Figure 3 is a lower rear perspective view of the cleaner head of Figure 1;

Figure 4 is an upper front perspective view of the cleaner head of Figure 1 with
its front wall removed;

Figure 5 is a perspective view of an agitator of the cleaner head of Figure 1 In

Isolation;

Figure 6 is a front view of a drive mechanism of the cleaner head of Figure 1 in
Isolation;

Figure 7 is a schematic end view of the drive mechanism of Figure 6;
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Figure 8 is a sectional view of the drive mechanism of Figure 6 taken along a
central longitudinal axis of the drive mechanism;

Figure 9 is a front view of the cleaner head of Figure 1 with its front wall
removed,;

Figure 10 is a second upper front perspective view of the cleaner head of
Figure 1 with its front wall removed;

Figure 11 is a first schematic front view of the cleaner head of Figure 1 with

stop pins In place;

Figure 12 is a second schematic front view of the cleaner head of Figure 1 with
stop pins In place;

Figure 13 is a third upper front perspective view of the cleaner head of Figure 1
with the drive mechanism at a mid-point within the housing;

Figure 14 i1s a schematic view lllustrating the drive mechanism and biasing
mechanism of the cleaner head of Figure 1;

Figure 15 Is a schematic diagram illustrating the interaction between the drive
mechanism and biasing mechanism of the cleaner head of Figure 1;

Figure 16 i1s a schematic diagram Illustrating torques which act on the drive

mechanism of the cleaner head of Figure 1 in use;

Figure 17 is a schematic diagram illustrating the movement of the drive

mechanism within the cleaner head of Figure 1 in use;
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Figure 18 is a schematic diagram illustrating a position of minimum height of
the agitator of the cleaner head of Figure 1;

Figure 19 is a schematic diagram illustrating a position of medium height of the
agitator of the cleaner head of Figure 1;

Figure 20 is a schematic diagram illustrating a position of maximum height of
the agitator of the cleaner head of Figure 1;

Figure 21 is a third upper front perspective view of the cleaner head of Figure 1

with the drive mechanism at a maximum within the housing;

Figure 22 is a third schematic front view of the cleaner head of Figure 1 with
stop pins In place;

Figure 23 is a schematic view of a vacuum cleaner according to the present

Invention.

DETAILED DESCRIPTION

A cleaner head according to the present invention, generally designated 10, Is
shown In Figures 1-4, 9-13, and 21-22. The cleaner head 10 has a housing 12,
an agitator in the form of a brushbar 14, a drive mechanism 16, and a biasing

mechanism 18.

The housing 12 is formed of a front wall 20, a rear wall 22, an upper wall 24, a

soleplate 26, first 28 and second 30 side walls, and a dividing wall 32.

Collectively, the rear wall 22, upper wall 24, soleplate 26, first 28 and second 30
side walls, and the dividing wall 32, define an agitator chamber 34. The agitator
chamber 34 has substantially the same shape as the brushbar 14, and Is
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generally cylindrical in form. The agitator chamber 34 is, however, somewhat
larger than the brushbar 14, and Is dimensioned to enable the brushbar 14 to
move within the agitator chamber 34 In use, both In an upward/downward and
forward/rearward direction. The soleplate 26 has an aperture formed therein,
which defines a dirty air inlet 36 of the agitator chamber 34.

Collectively, the front wall 20, soleplate 26, first 28 and second 30 side walls,
and the dividing wall 32, define a front chamber 38. The front chamber 38 is
shaped and dimensioned to house a spring 80 and cable 82 of the biasing
mechanism 18. The front chamber 38 is substantially sealed from the agitator
chamber 34 and the dirty air inlet 36, such that debris is prevented from
entering the front chamber 38 in use. The front wall 20 is removable to allow
access to the front chamber 38, for example to enable maintenance of the
biasing mechanism 18.

The rear wall 22 has a dirty air outlet 23, leading to a connection mechanism 25
for connecting the cleaner head 10 to a vacuum cleaner 100 in use. The
cleaner head 10 has a pair of wheels 27, located between the dirty air outlet 23
and the connection mechanism 25, which facilitate movement of the cleaner
head 10 across a surface to be cleaned in use. The upper wall 24 has an
optional viewing window 21 which may allow a user to view the brushbar 14 In
use. Although not shown, the viewing window 21 comprises a transparent
piece of plastic which defines part of the agitator chamber 34, such that the
upper end of the agitator chamber 34 is enclosed. The soleplate 26 has a
further pair of wheels 29 which also facilitate movement of the cleaner head 10
across a surface to be cleaned in use. The soleplate 26 has a flexible member
31 which contacts a surface to be cleaned in use, and may assist with sealing
between the cleaner head 10 and the surface.
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The second side wall 30 has an end cap 40, and the end cap 40 is removable to
allow the brushbar 14 and/or the drive mechanism 16 to be removed from the

agitator chamber 34 for maintenance.

The brushbar 14 is shown in isolation in Figure 5. The brushbar 14 has a main
body 42 and four strips 44 of bristles. The main body 14 is substantially
cylindrical in form, and has a hollow interior 46. The main body 42 is shaped
and dimensioned such that substantially the entirety of the drive mechanism 16
can be received within the hollow interior 46. Each of the four strips 44 of
bristles i1s spaced evenly about the circumference of the main body 14, and
each of the four strips 44 extends through 360 degrees about an outer surface
of the main body 14. It will be apparent to a person skilled in the art that the
number of strips 44, the length of the bristles, and the material of the bristles,
may be varied to achieve desired agitation of a surface to be cleaned in use. In
a presently preferred embodiment, the bristles are formed of nylon. As seen In
Figure 5, further bristle strips, eg carbon fibre bristle strips, can be inserted into
appropriate slots formed in the main body 42 of the brushbar 14. It will be
recognised that the additional slots can be removed if further bristle strips are

not desired.

The drive mechanism 16 is shown In isolation in Figures 6 and 8. The drive
mechanism 16 has first 48 and second 50 end spigots, a drive housing 52, a
motor 54, first 56 and second 58 planet carriers, planet gears 59 a sun gear 60,
a ring gear 62, a drive dog 64, and first 66 and second 68 drive bearings.

The first 48 and second 50 end spigots are generally tubular in form, and are
offset from a common central longitudinal axis A of the drive mechanism 16 and
the brushbar 14. An outer surface of the first end spigot 48 has a drum-like
collection member 70, about which a cable 82 of the biasing mechanism 18 can
wind and unwind in use. The first 48 and second 50 end spigots are mounted
to fixed points of the first side wall 28 and the end cap 40 by bearings 51, such
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that the first 48 and second 50 end spigots can rotate relative to the housing 12,
within the agitator chamber 34 in use. The offset nature of the first 48 and
second 50 end spigots means that the drive mechanism 16, and hence the
brushbar 14, can move in upward/downward and forward/backward directions
within the agitator chamber 34 in use.

The first 48 and second 50 end spigots define a rotational axis R of the drive
mechanism 16. Due to the offset nature of the first 48 and second 50 end
spigots from the common central longitudinal axis A of the drive mechanism 16
and the brushbar 14, the drive mechanism 16 and the brushbar 14 rotate about
the rotational axis R of the drive mechanism 16 in an eccentric manner in use.
The first 48 and second 50 offset spigots are positioned such that the defined
rotational axis R is located rearward of the common central longitudinal axis A
of the drive mechanism 16 and the brushbar 14, thereby ensuring that any
reaction torque experienced drives the brushbar 14 upward within the agitator
chamber 34 rather than downward. A schematic view of the end spigots 48,50
and the rotational axes A,R is shown in Figure 7, with the arrow D representing
the direction of movement of the cleaner head 10 in a forward direction away
from a user In use, and the arrow RT representing a reaction torque
experienced by the drive mechanism 16.

The drive housing 52 is generally tubular in form, extends from the first end
spigot 48, and houses the motor 54 and at least a portion of the first planet
carrier 56. The motor 54 is conventional in form, and provides a rotating output
force to the sun gear 60 in use. Planet pins 72 rigidly connect the first 56 and
second 58 planet carriers, and the second planet carrier 58 is rigidly connected
to the second end spigot 50. The sun gear 60 is located between the first 56
and second 58 planet carriers, and Is attached to the ring gear 62 via planet
gears 59, whilst the ring gear 62 is in turn rigidly connected to the drive dog 64.
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The drive mechanism 16 is configured such that the first 56 and second 58
planet carriers are stationary, whilst the ring gear 62 spins about the planet
gears 29 as the planet gears 59 spin about their own axes, ie the planet gears
59 do not rotate about the sun gear 60. This enables a rigid connection
between the first 48 and second 50 end spigots, which may retain the drive
mechanism 16 and/or brushbar 14 substantially parallel to a surface to be
cleaned when the drive mechanism 16 rotates about the rotational axis R In
use.

In use, the sun gear 60 transmits the motor torque to the ring gear 62 via the
planet gears 59, such that the drive dog 64 can cause rotation of the brushbar
14 about the common central longitudinal axis A of the drive mechanism 16 and
the brushbar 14. The first 66 and second 68 drive bearings facilitate rotation of
the brushbar 14 in use.

The drive mechanism 16 is located within the hollow interior 46 of the main
body 42 of the brushbar 14, such that the drive mechanism 16 is protected from
debris flowing into the agitator chamber 34 through the dirty air inlet 36 in use.
In a presently preferred embodiment, the brushbar 14 covers the extent of the
drive mechanism 16 located between the bearings 51. The drive mechanism
16 acts to position the brushbar 14 within the agitator chamber 34, and rotation
of the drive mechanism 16 about the rotational axis R can move the brushbar
within the agitator chamber 34.

The drive mechanism 16 is connected to first 74 and second 76 stop members
for engaging stop pins 78 formed on the cleaner head 10. In a presently
preferred embodiment, the first 74 and second 76 stop members extend from
ends of the respective first 48 and second 50 end spigots respectively. The
stop pins 78 are shown in Figures 11, 12, and 22, and although the stop pins 78
are shown schematically as formed on an external surface of the cleaner head

10, and the first 74 and second 76 stop members are shown as extending
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outwardly from the cleaner head 10, it is also envisaged that the stop members
/4,76 and the stop pins 78 can be located internally of the cleaner head 10.
The first 74 and second 76 stop members and the stop pins 78 act to limit
rotation of the drive mechanism 16 about the rotational axis R, and hence act to
limit movement of the brushbar 14 within the agitator chamber 34 in use.

In the presently preferred embodiment, the stop members 74,76 and stop pins
/8 are configured to restrict rotation to a range of 100°, from 40° to 140°
measured relative to an axis perpendicular to a surface to be cleaned in use.
This provides a smooth change in height of the brushbar 14 within the agitator
chamber 34 with rotation of the drive mechanism 16. In a presently preferred
embodiment, the offset between the rotational axis R, and the common central
longitudinal axis A of the drive mechanism and the brushbar 14, is 3mm. This
would usually allow for a 6mm range of motion between upper and lower
positions of the brushbar 14 within the agitator chamber 34. However,
restriction of motion to the range of angles identified above may limit the range
of motion between upper and lower positions of the brushbar 14 within the
agitator chamber 34 to a distance of 4.6mm.

The biasing mechanism 18 comprises a coil spring 80, a cable 82, a pulley 84,
and the drum-like collection member 70 of the first end spigot 48. A schematic
view of the biasing mechanism 18 can be seen in Figures 14 and 15, where the
line RT represents reaction torque experienced by the drive mechanism In use,
and RF represents the restorative force of the coil spring 80 converted into a

torque about the rotational axis R.

The coll spring 80 is a conventional coll spring, and is fixedly mounted at a first
end 86 within the front chamber 38. The second end 88 of the coll spring 80 is
connected to the cable 82. The coil spring 80 can be chosen to have a desired
spring constant depending on the force the coil spring 80 is intended to

produce.
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The cable 82 is an inextensible cable, and can, for example, be fishing line or
the like. It is presently preferred that the cable 82 is coated to reduce friction
which may occur when the cable 82 moves within the cleaner head 10 In use.
A first end 90 of the cable 82 is connected to the second end 88 of the coll
spring 80 by a connection member 83, whilst a second end 92 of the cable 82 is
connected to the drum-like collection member 70 of the first end spigot 48, such
that at least a portion of the cable 82 is wound around the drum-like collection
member 70 at all times. The cable 82 passes about the pulley 84 as it runs
between the coll spring 80 and the drum-like collection member 70, and extends
through channels (not-shown) in the housing 12 located in the path between the

coll spring 80 and the drum-like collection member 70.

The cable 82 is wound around the drum-like collection member 70 such that the
coll spring 80 is held in a high pre-loaded condition in the absence of any other
applied forces. The cable 82 converts a restorative force of the coil spring 80 to
a biasing torque on the drum-like collection member 70, and hence also to a
torque on the drive mechanism 16 about the rotational axis R. The cable 82 is
wound about the drum-like collection member 70 such that the biasing torque
applied by the coil spring 80 about the rotational axis R is a force in a direction
which opposes a reaction torque experienced when the brush bar 14 contacts a
surface to be cleaned in use, ie the coil spring 80 generates a rotational force
about the rotational axis R which is In a direction generally corresponding to the
direction of rotation of the brushbar 14 about the common central longitudinal
axis A of the drive mechanism 16 and the brushbar 14 within the agitator

chamber 34 In use.

The highly pre-loaded nature of the coil spring 80 means that any extension of
the coil spring 80 results only in a small increase in the restorative force of the
coll spring. Thus any increase In restorative force caused by winding of the
cable 82 onto the drum-like collection member, in turn caused by rotation of the
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drive mechanism 16 due to the experienced reaction torque, may be sufficiently
small that the force provided by the coil spring can be thought of as
substantially constant. Furthermore, the drum-like collection member 70 has a
non-circular, elliptical cross-sectional shape, which also acts to minimise any
variation in the restorative force of the coil spring 80 in use.

In the presently preferred embodiment, the initial position of the drive
mechanism 16 and brushbar 14 is a position of minimum height within the
agitator chamber 34, ie a position in which the distance between a surface to be
cleaned and the brushbar 14 measured in a direction orthogonal to the surface
to be cleaned Is at a minimum. The drive mechanism 16, and hence the
brushbar 14, are prevented from moving any closer to the surface to be cleaned
by engagement of the first 74 and second 76 stop members with lowermost
stop pins 78, as seen in Figure 11. In the initial position, only the bristles of the
brushbar 14 extend through the dirty air inlet 36 past the soleplate 26, and this
may prevent the main body 42 of the brushbar 14 from contacting and

damaging certain surfaces to be cleaned, for example a hard floor, in use.

Operation of the cleaner head will now be described, with reference to Figures
9-22.

When it Is desired to use the cleaner head 10, the cleaner head 10 Is connected
to a vacuum cleaner 100, and the cleaner head 10 is lowered onto a floor
surface to be cleaned. Prior to the cleaner head 10 contacting the surface, the
brushbar 14 is held at an initial minimum position within the agitator chamber
34, as seen in Figures 9-11 and 18. As the brushbar 14 rotates within the
agitator chamber 34 about the central longitudinal axis A of the drive
mechanism 16 and the brushbar 14, and contacts the surface, a reaction torque
IS experienced by the drive mechanism 16 in a direction opposite to the rotation
of the brushbar 14.
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Where the reaction torque is not balanced with the restorative force provided by
the pre-loaded coil spring, ie when the reaction torque about the rotational axis
R Is greater than the biasing torque provided about the rotational axis R, the
drive mechanism 16 will rotate about the rotational axis R In a direction
generally opposite to the rotation of the brushbar 14. As previously discussed,
the first 48 and second 50 offset spigots are positioned such that the rotational
axis R is located rearward of the common central longitudinal axis A of the drive
mechanism 16 and the brushbar 14, so that the drive mechanism 16 rotates
about the rotational axis R Iin an eccentric manner, and the reaction torque
experienced drives the brushbar 14 upward within the agitator chamber 34, as
seen in Figure 17. In Figure 17, MIN represents an initial minimum position of
the brushbar 14, MID represents a position of medium height of the brushbar 14
within the agitator chamber 34, and MAX represents a position of maximum
height of the brushbar 14 within the agitator chamber 34.

As the drive mechanism 16 rotates about the rotational axis R In a direction
generally opposite to the rotation of the brushbar 14, more of the length of the
cable 82 is wound onto the drum-like collection member 70 of the first end
spigot 48, as shown schematically in Figure 15. However, the high pre-loading
of the coil spring 80 means that the variation in length of the colil spring 80 only
produces a small variation in force, such that the restorative force of the coll
spring 80 can be thought of as substantially constant. As the cable 82 passes
around the pulley 84 and onto the drum-like collection member 70, the cable 82
converts the restorative force of the coll spring 80 into a biasing torque about
the rotational axis R which opposes the reaction torque. As the drive
mechanism 16 moves upward within the agitator chamber 34, the experienced
reaction torque decreases as the brushbar 14 moves out of contact with the
surface, until the experienced reaction torque to is equal to the restorative force
of the coll spring 80, e until the experienced reaction torque is equal to the
biasing torque.
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At this point, rotation of the drive mechanism 16 about the rotational axis R
ceases, and the drive mechanism 16, and hence the brushbar 14, are held at a
fixed height within the agitator chamber 34. A schematic force diagram is
shown in Figure 16. As the restorative force of the coil spring 80, converted into
a biasing torque about the rotational axis R, is substantially constant, and the
drive mechanism 16 is able to move within the agitator chamber 34 until the
experienced reaction torque is equal to the restorative force of the colil spring
80, the experienced reaction torque I1s also substantially constant, irrespective
of the surface upon which the cleaner head 10 is used. This may enable the
cleaner head to have a substantially constant power draw across all surfaces.
A configuration in which the restorative force of the coil spring 80 is equal to the

experienced reaction torque can be seen in Figures 12-13 and 19.

The biasing mechanism 18 ensures a constant power draw both as the cleaner

head 10 is moved backward and forward across the surface in use, and indeed
where the cleaner head 10 is used on different surfaces.

As the variation of power draw on different surfaces to be cleaned no longer
needs to be taken into account, the drive mechanism 16 may operate closer to
its chosen optimum operating point than in cleaner heads known in the art. This
may increase the pick-up performance of the cleaner head 10 relative to known
cleaner heads. Furthermore, the cleaner head 10 may reduce or remove any
variations in power draw that typically occur as a result of varying bristle height

due to manufacturing tolerances.

Where the reaction torque experienced by the drive mechanism is insufficient to
match the restorative force of the coil spring 80 in its pre-loaded position, the
drive mechanism 16, and hence the agitator 14, is held at its initial position of
minimum height within the agitator chamber 34.
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A position of maximum height of the brushbar 14 within the agitator chamber 34
IS shown In Figures 20-22, and in this position the coil spring 80 is at a

maximum extended position within the front chamber 38.
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CLAIMS

1. A cleaner head for a vacuum cleaner, the cleaner head comprising a
housing, an agitator mounted within the housing, and a drive mechanism for
driving the agitator about a first axis, wherein the drive mechanism is mounted
to the housing for rotation about a second axis, the second axis is offset from
the first axis, and when the agitator is brought into contact with a surface to be
cleaned, the surface exerts a reaction torque on the agitator that causes the

drive mechanism to rotate about the second axis.

2. A cleaner head as claimed in Claim 1, wherein the agitator is hollow, and

the drive mechanism is housed at least partially within the agitator.

3. A cleaner head as claimed in Claim 1 or Claim 2, wherein the drive
mechanism and the agitator comprise a common central longitudinal axis such
that the drive mechanism and the agitator are concentrically arranged within the
housing, and the first axis comprises the common central longitudinal axis.

4. A cleaner head as claimed in any preceding claim, wherein the second

axis I1s located behind the first axis.

D. A cleaner head as claimed in any preceding claim, wherein the cleaner
head comprises a stop mechanism for restricting rotation of the drive

mechanism about the second axis.

6. A cleaner head as claimed in any preceding claim, wherein rotation of
the drive mechanism about the second axis Is restricted such that the entirety of
the agitator, or the entirety of the agitator save for bristles of the agitator, is
contained within the housing when the drive mechanism is at a position of

minimum height within the housing.
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/. A cleaner head as claimed in any of Claims 1 to 5, wherein at least a
portion of the main body of the agitator extends out of the housing when the

drive mechanism is at a position of minimum height with the housing.

3. A cleaner head as claimed in any preceding claim, wherein the drive
mechanism comprises first and second ends, and each of the first and second
ends Is rotatably connected to the housing such that the drive mechanism is
rotatable about the second axis.

9. A cleaner head as claimed in Claim 8, wherein at least a portion of the

drive mechanism rigidly connects the first and second ends.

10. A cleaner head as claimed in any preceding claim, wherein the cleaner
head comprises a biasing mechanism which exerts a biasing torque on the
drive mechanism that acts in a first direction about the second axis, and when
the agitator is brought into contact with a surface to be cleaned, the reaction
torque on the drive mechanism acts in a second opposite direction about the

second axis.

11. A cleaner head as claimed in Claim 10, wherein the biasing torque is
opposite to and/or equal to a reaction torque experienced by the drive
mechanism in use.

12. A cleaner head as claimed in Claim 10 or Claim 11, wherein the biasing
torque retains the drive mechanism at an initial position of minimum height of
the drive mechanism within the housing in the absence of an experienced

reaction torque.

13. A cleaner head as claimed in any of Claims 10 to 12, wherein the drive
mechanism comprises at least one spigot defining the second axis, and the
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biasing mechanism iIs connected to the at least one spigot such that the biasing
mechanism Is able to transmit the biasing torque about the second axis.

14. A cleaner head as claimed in any of Claims 10 to 13, wherein the biasing

5 mechanism comprises a resiliently deformable member held under tension.

15. A cleaner head as claimed in Claim 14, wherein the resiliently

deformable member comprises at least one spring.

10 16. A cleaner head as claimed in Claim 15, wherein the at least one spring

comprises a single spring.

17. A cleaner head as claimed in Claim 15 or Claim 16, wherein the at least

one spring comprises a coll spring.

15
18. A cleaner head as claimed in any of Claims 10 to 17, wherein the
housing comprises a chamber within which the agitator and drive mechanism
are mounted, a dirty air inlet in fluild communication with the chamber, and a
further chamber within which the biasing mechanism is located.

20

19. A vacuum cleaner comprising a cleaner head as clamed In any

preceding claim.
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