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(54) A VACUUM CLEANER

(57) A vacuum cleaner (1) comprising: a motor as-
sembly (16) for generating an air flow for drawing air car-
rying dustinto a dust collector compartment (11); a cover
(17) for the motor assembly; and an air flow channel (31),
from the motor assembly to an air outlet (27) in the hous-
ing. The cover comprises an inner and an outer motor
assembly cover member (32, 33), each extending over
an end of the motor assembly (16b) near the air outlet
(27) and along the side of the motor assembly to form a
double wall (32b, 33b) of the wall structure between the
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Description
FIELD
[0001] The specification relates to vacuum cleaners.

In particular, it relates to a vacuum cleaner having a motor
assembly and a motor assembly cover within a housing
wherein the motor assembly cover and housing provide
a flow channel for air from the motor assembly to an air
outlet of the housing.

BACKGROUND

[0002] Vacuum cleaners are popular for removing dust
from surfaces. Vacuum cleaners are typically equipped
with an electric motor and fan assembly that draws air
carrying dust into a dust collector arrangement. A prob-
lem with vacuum cleaners on the market is that they gen-
erate disturbing noise when operated. Noise sources in
a vacuum cleaner include for example the electric motor
assembly, the air flow itself and vibrations transferred
from the electric motor assembly to a motor housing, a
dust collector arrangement housing and a vacuum clean-
er casing.

[0003] In many vacuum cleaners the motor assembly
is provided within a housing and the air flows from the
motor assembly to an air outlet in the housing. In some
vacuum cleaners, a one walled motor cover is provided
around the motor assembly within the housing and sound
absorbing materials may be provided within the air chan-
nels around the motor assembly and the cover in an at-
temptto absorb acoustic energy from the motor assembly
and to diffuse the velocity of the air for decreasing flow
induced noise. The air flow from the motor assembly to
the outlet is often hard to control and significant flow in-
duced noise may still be generated by the air flow within
the housing. Moreover, significant acoustic energy from
the motor assembly may still be transmitted to the outside
of the housing.

SUMMARY OF THE INVENTION

[0004] According to an aspect of the invention, there
is provided a vacuum cleaner comprising: a motor as-
sembly, comprising a motor and fan, for generating an
air flow for drawing air carrying dust into a dust collector
compartment; a cover for the motor assembly; and a
housing around the motor assembly and the cover, the
cover and housing providing a wall structure comprising
a plurality of walls and defining an air flow channel, from
the motor assembly to an air outlet in the housing, with
a plurality of turns, wherein the cover comprises an inner
and an outer motor assembly cover member, each ex-
tending over an end of the motor assembly near the air
outlet and along the side of the motor assembly to form
a double wall of the wall structure between the motor
assembly and the air outlet in a region where the air exits
the motor assembly and each having an edge located
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with respect to other walls of the wall structure to allow
air to flow around the edge to reach the outlet, thereby
forming one of the plurality of turns of the air flow channel.
[0005] By providing a double wall in the region where
the air exits the motor assembly, the transmission of
acoustic energy from the motor to the air outletis reduced
dramatically. The double wall forms an air cavity between
the motor assembly and the air outlet. Moreover, the plu-
rality of turns of the flow channel provided by the wall
structure increases the length of the air channel from the
motor assembly to the outlet, which allows increased ab-
sorption of acoustic energy in the channel.

[0006] The inner cover member is located at least par-
tially within the outer cover member to form the double
wall. Each edge of a cover member may be located such
that the air has to flow along a wall section of the cover
member, around the edge and back on the other side of
the wall section.

[0007] The cover may further comprise an intermedi-
ate cover member comprising a wall having an edge lo-
cated between the inner and outer cover members, the
wall forming an intermediate wall of the wall structure.
[0008] The flow channel has a plurality of flow ducts
connected to bend ducts providing the turns in the flow
channel. The edges of the inner, intermediate and outer
wall members may be arranged in a staggered manner
such that the air flow channel comprises a flow duct in a
space between the inner and intermediate cover mem-
ber, an intermediate bend duct providing one of the turns
around the edge of the intermediate member and a flow
duct in a space between the intermediate cover member
and the outer cover member.

[0009] The flow channel may have a flow ductbetween
the inner cover member and the motor assembly. The
flow channel may also have a flow duct between the outer
cover member and a wall of the housing.

[0010] The intermediate cover member may comprise
a generally cylindrical wall around the motor assembly.
[0011] Eachoftheinnerand outer cover members may
curve inwardly. They may for example be bowl-shaped.
Alternatively, they may have a U-shaped or rectangular
cross-section. The inner and outer cover members may
comprise side wall sections which together with the in-
termediate cover member form generally cylindrical and
concentric walls around the motor assembly.

[0012] The inner, outer and intermediate cover mem-
bers and the housing may be arranged with respect to
each other to form a flow channel that has a constant or
near constant cross-section. By making the cross-sec-
tion of the flow channel uniform throughout, efficiency
can be improved and noise reduced.

[0013] The plurality of turns may comprise a plurality
of 180-degree or substantially 180-degree turns. The flow
channel may comprise at least three 180-degree turns.
The flow channel may also comprise additional turns.
[0014] The flow channel may be symmetrical on oppo-
site sides of the motor assembly. The motor assembly
may comprise rotating parts rotating, in operation, around
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an axis and the outlet in the housing may be located on
the axis. The air flow channel from the motor assembly
to the outlet may be symmetrical or substantially sym-
metrical 360 degrees around the axis.

[0015] At least one of said edges may have an undu-
lating shape with a plurality of peaks and troughs to in-
crease the length of the edge, eg. the shape of a sinusoid
curve. The undulating shape may be provided to increase
the surface area where the air makes the turn in order to
decrease the local speed of air over the edge. At least
one of said edges may be wave-shaped. In some imple-
mentations, the edges in each of the turns around the
inner, outer and intermediate cover members are wave-
shaped edges.

[0016] The flow channel from the motor assembly to
the air outlet may comprise, partly or fully, an acoustic
absorber. The acoustic absorber may be an air perme-
able synthetic fibre material. The material may also dif-
fuse the velocity field of the air flow, thereby decreasing
turbulence.

[0017] Consequently, embodiments of the vacuum
cleaner provide noise reduction for the air flow down-
stream of the motor assembly. According to some em-
bodiments, a flow channel is provided that can absorb
acoustic energy and at the same time minimise flow gen-
erated noise downstream of the motor assembly.
[0018] According to another aspect of the invention,
there is provided a vacuum cleaner comprising: a motor
assembly for generating an air flow for drawing air car-
rying dust into a dust compartment; a cover for the motor
assembly; and a housing for the motor assembly and the
cover, the cover and housing providing a wall structure
defining an air flow channel, from the motor assembly to
an air outlet in the housing, with at least one turn where
the air changes directions as it flows over an edge of a
wall of the wall structure, the edge being wave-shaped
with a plurality of peaks and troughs toincrease the length
of the edge at the turn.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments will now be described, by way of
example, with reference to the accompany drawings in
which:

Figure 1 shows a vacuum cleaner in which a noise
reducing air flow generator arrangement is used;
Figure 2 is an exploded view of components of the
main body of the vacuum cleaner;

Figure 3 is a schematic diagram of components of
the air flow generator arrangement of the vacuum
cleaner;

Figure 4 is a schematic diagram of components of
the air flow generator arrangement in another imple-
mentation;

Figure 5a is a cross-sectional view of components
of the air flow generator arrangement along a plane
indicated in Figure 5b; and
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Figure 6a and 6b are schematic diagrams showing
parts of some of the components of the air flow gen-
erator arrangement in more detail and the air flow
direction over the components.

DETAILED DESCRIPTION

[0020] Figure 1 shows a vacuum cleaner 1 comprising
a vacuum cleaner main body 2, a hose 3, a tube 4, and
a nozzle 5. Air carrying dust particles is drawn into the
vacuum cleaner 1 through the nozzle 5, the tube 4 and
the hose 3 and collected in the main body. The hose 3,
tube 4 and nozzle 5 may be removably connected to the
main body 2. The main body comprises a casing 6 en-
closing the internal components of the main body. The
casing comprises a port 7 for connecting to the hose 3
and for allowing air to be sucked into the main body 2.
The casing 6 also comprises an outlet diffusor 8 for al-
lowing cleaned air to be discharged from the vacuum
cleaner 1.

[0021] Withreferenceto Figures 1and2,the mainbody
2 comprises a dust collector arrangement 11 and an air
flow generator arrangement 12 within the vacuum clean-
er casing 6. The air flow generator arrangement 12 cre-
ates a vacuum, which in turn creates a suction force. The
suction force allows the vacuum cleaner 1 to draw in ex-
ternal air and dust from a cleaning surface, through the
nozzle 5, tube 4, hose 3 and inlet port 7. Dust is then
separated from the air in the dust collector arrangement
11 before the air flows through the air flow generator ar-
rangement 12 and is discharged to the outside through
the outlet diffuser 8.

[0022] The dust collector arrangement 11 may collect
dust by filtering, separation or a combination of both. The
dust collector arrangement has a housing 13 that forms
adust compartment 14. When the dust collector arrange-
ment collects dust by filtering, for example a dust bag
(not shown) for filtering the air and thereby collecting the
dust in the bag may be located in the dust compartment
14. Alternatively, the dust collector arrangement may
comprise a cyclone arrangement that separates dust par-
ticles from the air. The housing 13 may have a section
that is pivotally connected to, or removable from, the rest
of the housing such that when the dust collector arrange-
ment is arranged to comprise, for example, a dust bag
in the compartment 14 the dust compartment 14 can be
opened and a dust bag can be inserted or removed.
[0023] The airflow generator arrangement 12 compris-
es an electric motor assembly 16, a cover for the motor
assembly 17 and a motor housing 18 encapsulating the
motor assembly and the cover. The electric motor as-
sembly 16 is located within the motor cover 17, which in
turn is located within the housing 18. The electric motor
assembly comprises a fan 19 and a motor 20 located
within a casing 21. The cover 17 and housing 18 form a
wall structure that defines a flow channel for the air from
the electric motor assembly.

[0024] To allow the air to pass through the vacuum
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cleaner and dust to be collected, the dust collector ar-
rangement 11 comprises an air inlet 24, cooperating with
the inlet port 7 of the vacuum cleaner, and an air outlet
25 through which cleaned air exits the dust collector ar-
rangement 11. The air flow generator arrangement 12
comprises an air inlet 26 for receiving the air from the
dust collector arrangement 11 and an air outlet 27, co-
operating with the outlet diffuser 8. The air inlets 24, 26
and outlets 25, 27 of the dust collector arrangement 11
and the air flow generator arrangement 12 may be formed
as openings in the walls of the dust collector arrangement
and air flow generator arrangement housing 13, 18. The
air inlet 26 of the air flow generator arrangement 12 is
located adjacent the air outlet 25 of the dust collector
arrangement 11 and a seal (not shown) may be provided
between the air outlet 25 and the air inlet 26 to ensure
that all the air leaving the dust collector arrangement 11
enters the air flow generator arrangement 12. In some
implementations, a single wall, providing part of both or
one of the dust collector arrangement housing 13 and
the air flow generator arrangement housing 18, may be
provided between the dust compartment 14 and the elec-
tric motor assembly 16. The air inlet 26 of the air flow
generator arrangement 12 would then form part of the
same opening in the wall as the air outlet 25 of the dust
collector arrangement 11. In this case a seal (not shown)
may be provided between the air inlet 26 and the fan 19
to ensure that all the air entering the air inlet 26 enters
the fan 19.

[0025] When the electric motor assembly 16 is oper-
ated, the fan and the motor create the suction force. Air
enters the main body of the vacuum cleaner through the
port 7, passes through the air inlet 24 in the dust collector
arrangement 11, flows through the dust collector ar-
rangement 11 and deposits dust in the dust compartment
14 and exits the dust collector arrangement 11 at outlet
25. The air enters the air flow generator arrangement 12
at air inlet 26, is sucked through the motor assembly 16
and guided to the air outlet 27 of the air flow generator
arrangement and then exits through the outlet 27 and the
outlet diffuser 8.

[0026] The dust collector arrangement 11 may com-
prise a filter (not shown) in the air outlet 25 to filter the
air. When the dust compartment comprises a dust bag,
the filter may also serve as a’disaster filter’ for protecting
the motor assembly 16 in case the dust bag breaks. The
air flow generator arrangement 12 may also comprise a
filter at the outlet 27, which will be described in more
detail with respect to Figure 3. Additionally, the vacuum
cleaner may comprise a further filter at the outlet diffuser
8.

[0027] Although Figure 1 shows a canister type vacu-
um cleaner, the disclosure is not limited to canister type
vacuum cleaners. The vacuum cleaner can alternatively
be an upright vacuum cleaner, a battery handheld vac-
uum cleaner, a battery stick vacuum cleaner, an auto-
matic vacuum cleaner, a robotic vacuum cleaner or any
other suitable type of vacuum cleaner. Any suitable type
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of nozzle 5, tube 4 and hose 3 may be used for the vac-
uum cleaner. Nozzles, tubes and hoses for vacuum
cleaners are well known and will not be described in detail
herein.

[0028] The air flow generator arrangement 12 will now
be described in more detail. As shown in Figure 3, the
motor housing delimits a volume V around the electric
motor assembly 16. The motor assembly cover is located
within the volume V around the electric motor assembly.
Figure 3 shows the path of the air leaving the motor as-
sembly 16 in the volume V. With reference to Figure 2
and Figure 3, the flow channel 31 for the air from the
motor assembly to the air outlet 27 is defined by the motor
assembly cover 17 and the housing 18. The motor as-
sembly cover 17 comprises an inner cover member 32
and an outer cover member 33. The motor assembly also
comprises an intermediate cover member 34 partially lo-
cated between the inner cover member 32 and the outer
cover member 33. The inner cover member 32, the in-
termediate cover member 34, the outer cover member
33 and the housing 18 form the wall structure that defines
the flow channel 31. The arrows in Figure 3 show the
direction of the air flow in the flow channel 31. As is clear
from Figure 3, the flow channel has a plurality of turns
where the air flow changes direction.

[0029] As further shown in Figure 3, and as mentioned
above, a filter 35 is located at the outlet 27 for providing
another stage of filtration. The filter may for example be
a micro filter or a high-efficiency particulate arrestance
(HEPA) filter but it will be appreciated that it can be any
type of suitable filter. The air flow generator arrangement
further comprises a suspension element 36 between the
inner cover member 32 and the motor assembly 16. The
air flow generator arrangement may also comprise at-
tachment elements (not shown) for holding the motor as-
sembly cover 17 in place.

[0030] With reference to Figure 3, the motor assembly
16 has a front end 16a and arear end 16b. The frontend
16a, where the fan is located, faces the air inlet 26 of the
air flow generator arrangement 12. The rear end 16b is
near the air outlet 27 of the air flow generator arrange-
ment. The air outlet 27 is located at the opposite end of
the volume V to the air inlet 26. The motor assembly 16
comprises rotating parts rotating around an axis X. The
motor assembly is generally symmetrical around the axis
and the front and rear ends 16a, 16b are located on the
axis. The air inlet 26, air outlet 27 and filter 35 are also
located on the axis X. The fan, when operated by the
motor, draws the air into the motor assembly 16 and the
air is then guided by motor assembly casing 21 through
the motor assembly and leaves the electric motor assem-
bly through outlets 16c in the casing. When the air exists
the electric motor assembly it is guided through the flow
channel 31 to the air outlet 27 of the air flow generator
arrangement 12. The motor housing has a first wall sec-
tion 18a extending generally parallel with the motor as-
sembly axis X. The housing may also have a second wall
section 18b extending generally perpendicular to the axis
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X. The air inlet 26 may be formed in the second wall
section 18b. In some implementations, the second wall
section 18b is a single plate between the dust compart-
ment and the motor assembly. The second wall section
18b may therefore form part of the housing 13 of the dust
collector arrangement 11. Alternatively, it can be re-
placed with a number of components between the motor
assembly and the dust collector arrangement or it may
be a narrow peripheral wall portion forming an edge of
the motor housing 18 for mounting the motor housing 18
to the housing 13 of the dust collector arrangement 11.
The motor housing 18 also has a third wall section 18c,
continuing from the first wall section 18a, and shaped to
taper the width of the housing to form the air outlet 27.
The air outlet 27 and the filter 35 in the air outlet extend
generally orthogonally to the axis X.

[0031] The cover members 32, 33 and 34 and wall
structure providing the flow channel will now be described
in detail. With reference to Figure 2 and 3, the inner cover
member 32 is located within the outer cover member 33.
The inner cover member 32 and the outer cover member
33 each extend over the rear end 16b of the motor as-
sembly and along the side of the motor assembly. The
inner cover member 32 and the outer cover member 33
therefore form a double wall between the motor assembly
16 and the air outlet 27 in a region where the air exits the
motor assembly 16. The intermediate cover member 34
extends along the side of the motor assembly 16 and
forms an intermediate wall in the wall structure.

[0032] The inner cover member 32 has a first wall sec-
tion 32a along and around the side of the motor assembly
connected to a second wall section 32b along the rear
of the motor assembly. The first wall section 32a ends in
an edge 32c extending around the motor assembly. The
firstand second wall sections 32a, 32b may be connected
by a third connecting wall section 32d, as shown in Figure
3. The outer cover member 33 also has a first wall section
33a along and around the side of the motor assembly
connected to a second wall section 33b at the rear of the
motor assembly. The first wall section of the outer cover
member also ends in an edge 33c extending around the
motor assembly. The first and second wall sections 33a,
33b of the outer cover member may be connected by a
third connecting wall section 33d, as shown in Figure 3.
The second wall section 32b, 33b and the third connect-
ing section 32d, 33d may form a bridging section between
opposite sides of the first wall section 32a, 33a in the
inner and outer cover member. Two of the turns of the
flow channel 31 are formed where the air flow bends
around the edges 32c, 33c, of the inner and outer cover
members.

[0033] The intermediate member 34 comprises a wall
that has at least a section 34a that extends along and
around the side of the motor assembly and is located
partially between the inner and outer first wall sections.
As shown in Figure 3, the intermediate member has a
first end 34b located in the direction of the dust collector
arrangement 11 and a second end 34c forming an edge
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of the wall section 34a. The first end 34b may be posi-
tioned near, or abut, the housing wall 18b or components
between the motor assembly 16 and the housing 13 of
the dust collector arrangement 11. The edge of the wall
section 34a extends around the motor assembly. The
edges of the inner, intermediate and outer cover mem-
bers may be arranged in a staggered manner such that
the edge of the intermediate wall 34c is located between
the first wall sections 32a, 33a of the inner and outer
cover members. Another turn in the flow channel is
formed where the air bends around the edge 34c of the
intermediate member.

[0034] The wall structure provided by the innerand out-
er first wall sections 32a, 33a, the intermediate member
wall 34a and the first wall section 18a of the housing
create a folded flow channel 31 for air from the motor
assembly. The inner and outer second wall sections 32b,
33b form the double wall at the rear of the motor assembly
and provides an air cavity between the rear of the motor
assembly 16 and the air outlet 27.

[0035] Inmore detail, the inner and outer first wall sec-
tions 32a, 33a, the intermediate member wall section 34a
and the first wall section 18a of the housing extend along
the motor assembly in an axial direction of the motor as-
sembly. The wall sections 32a, 33a, 34a, 18a may be
parallel or generally parallel. The first wall sections 32a,
33a, the intermediate member 34 and the housing wall
section 18a may form cylindrical walls with increasing
radii, as will be described in more detail with respect to
Figure 5. The inner and outer second wall sections 32b,
33b are generally orthogonal to the inner and outer first
wall sections 32a, 33a. Each of the inner and outer cover
members 32, 33 may curve inwards to form a concave
shape as shown in Figures 2 and 3. The first wall sections
32a, 33a may be straight or generally straight. The sec-
ond wall sections may be straight or curved. The con-
necting wall sections 32d, 33d provide a curved connec-
tion between the first and second wall sections. As shown
in Figures 2 and Figure 3, the inner and outer cover mem-
bers are bowl-shaped. Alternatively, the inner and outer
cover members may have a rectangular or U-shaped
cross-section. If the inner and outer cover members have
a rectangular cross-sections, the first and second walls
may be directly connected to each other and connecting
wall sections 32d, 33d may not be required. The inner
cover member 32 may be arranged concentrically within
the outer cover member 33.

[0036] The motor assembly cover 17 may be mounted
within the motor housing 18 and the motor assembly cov-
er 17 and the motor housing 18 may then be attached to
the housing 13 of the dust collector arrangement 11. In
more detail, the inner cover member 32, the intermediate
cover member 34 and the outer cover member 33 are
mounted together and then fixed within the housing 18.
The inner cover member 32 and the intermediate cover
member 34 may be injection moulded as one piece using
aplurality of ribs in the channel formed between the walls
of the inner and intermediate cover members. Alterna-
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tively, the inner cover member may be attached to the
intermediate cover member 34 using attachment ele-
ments (not shown). For example, the inner cover member
may have attachment elements that snap into or onto
corresponding attachment elements of the intermediate
cover member. The ribs and other attachment elements
may be provided in a location where they have limited
effect on the air flow.

[0037] The outer cover 33 may be mounted to the inner
cover member 32 with further attachment elements (not
shown) also provided in a location where they have a
limited effect on the air flow. For example, the outer cover
member 33 may be mounted to the inner cover member
32 using a number of screws. Alternatively, attachment
elements on the second wall section 33b of the outer
cover member may snap into or onto attachment ele-
ments on the second wall section 32b of the inner cover
member. As a specific example, the outer cover member
33 can be attached by a single screw between the second
wall sections 32b, 33b of the inner and outer cover mem-
bers and ribs protruding from the second wall section 32b
of the inner cover member, in the direction of the outer
cover member, can support the outer cover member and
ensure it is positioned in a symmetrical manner with re-
spect to the inner cover member.

[0038] The motor cover 17 may be attached to the mo-
tor housing 18 by screws, for example four radial screws
near, orin, the second wall section 18b of the motor hous-
ing. Alternatively, the motor cover 17 may be attached
to the inner part of the first wall section 18a of the motor
housing 18 using, for example, a plurality of guides on
the inner part of the first wall section 18a of the motor
housing and corresponding protrusions on the outer part
of the wall section 34a of the intermediate cover member
that slide into the guides and thereby fix the motor cover
in the housing. The guides may be positioned close to
the wall that separates the motor assembly from the dust
compartment 14 to minimise interference with the air flow
in the flow channel 31. The motor assembly 16 is placed
within the motor assembly cover 17 and is held in place
by the suspension element 36. The motor housing 18
may then be connected, for example using screws, to
the dust collector arrangement housing 13.

[0039] For the air to leave the air flow generator ar-
rangement 12 the air will need to pass through the wall
structure formed by the cover members and the housing.
The cover members 32, 33, 34 are made of solid material
with no holes for allowing air to pass through the walls.
Consequently, for the air to reach the outlet 27, the air
will need to flow around the walls. When the air flows
around edges 32c, 33c, 34c of the walls it is forced to
change direction. The direction of the flow channel
changes multiple times causing the direction of the ex-
haust air flow to change multiple times. The air will need
to flow over and bend over the edges 32c, 33c, 34c of
the inner, intermediate and outer cover members.
[0040] The space between the motor assembly 16 and
the first cover member 32 forms a first flow duct 31a con-
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nected to a first bend duct 31b where the air flow flows
over the edge 32c of the first cover member. The space
between the first cover member 32 and the intermediate
cover member 34 forms a second flow duct 31c. The flow
duct is formed where the first wall section 32a of the first
cover member overlaps with the generally parallel wall
section 34a of the intermediate cover member. By locat-
ing a bowl-shaped first cover member nearest the motor
assembly 16, the first duct portion 31a that is formed
between the motor assembly and the first cover member
forces the air to flow, as it leaves the motor assembly, in
a direction generally transverse to the air flow through
the motor assembly. The air from the motor assembly
may turn as it leaves the air outlets 16c¢ to enter the first
flow duct 31a. The air then flows along the first wall sec-
tion 32a of the inner cover member, over the edge 32¢
of the inner cover member and back along the other side
of the inner cover member.

[0041] A second bend duct 31d is formed by the edge
34c of the intermediate cover member as the air flows
around the edge and back along the other side of the
intermediate cover member 34. The volume between the
intermediate cover member and the outer cover member
33 form a third flow duct 31e. The flow duct is formed in
the volume where the intermediate cover member 34
overlaps with the outer cover member 33. A third bend
duct 31fis formed around the edge 33c of the outer cover
member. The bend ductis connected to a fourth flow duct
31gformedin the space between the second cover mem-
ber 33 and the first wall section 18a of the housing. The
fourth flow duct continues into a fifth flow duct 31h formed
in the space between the second cover member and the
third wall section 18c of the housing.

[0042] The air flows from the motor along the first flow
duct 31a, the first bend duct 31b, the second flow duct
31c, the second bend duct 31d, the third flow duct 31e,
the third bend duct 31f, the fourth flow duct 31g and the
fifth flow duct 31h to the housing outlet 27 as shown in
Figure 3. The flow and bend ducts may extend all around
the motor assembly 16. The first, second, third and fourth
flow ducts 31a, 31c, 31e, 31g have alternating flow di-
rections. The first, second and third bend ducts 31b, 31d,
31f force the air to make 180 degree turns or approxi-
mately 180 degree turns. The air flow is reversed so that
the air flows along one side of a wall, turns around the
edge of the wall and flows back on the other side. The
fifth flow duct 31h also provides a small bend in the flow
path. The outlet 27 may have a smaller width than the
width of the housing measured at the first wall section
18a of the housing, as shown in Figure 3, and the fifth
flow duct 31h may bend to guide the air to the narrower
air outlet 27. The flow channel may also comprise addi-
tional turns.

[0043] Itwill be appreciated that additional cover mem-
bers may be provided to increase the length of the flow
channel further and to add additional 180 degree turns.
[0044] By having a double wall all around the region in
which the air leaves the motor assembly, the acoustic
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energy transmitted to the outside from the motor and fan
can be reduced dramatically. The double wall creates an
air cavity in the direction of the outlet 27 and cooperates
with the motor casing 21, the intermediate cover member
34 and the housing 18 to form a folded flow channel for
the air to leave the air flow generator arrangement. The
air cavity limits the transmission of acoustic energy
through the coverto the housing and air outlet. Moreover,
by providing a folded air flow channel including multiple
turns, the length of the air flow channel is increased hav-
ing the result that further acoustic energy can be ab-
sorbed within the housing. Moreover, the specific ar-
rangement of the inner, outer and intermediate cover
member uses the space efficiently to provide multiple
turnsin asmall space. Forexample, theinner cover mem-
ber is located to cooperate with the motor assembly cas-
ing to provide the initial part of the flow channel. The
arrangement of the inner cover member with respect to
the motor assembly forces the air to travel back on itself,
along the motor assembly casing and over the edge of
the inner cover member, thereby providing another turn
in the flow channel, while also providing a wall in the
direction of the outlet 27.

[0045] Figure 4 shows another embodiment of the air
flow generator arrangement 12 of Figure 2, in which a
sound absorbing material 37 is provided in the volume V
around the motor assembly 16. The location of the sound
absorbing material is indicated with a darker shade in
Figure 4. The other components remain the same as in
the implementation of Figure 3. In the implementation of
Figure 4, the absorbing material is provided throughout
a substantial part of the volume V. In other implementa-
tions, the sound absorbing material may be provided in
the entire volume V or in a smaller part of the volume. It
may be provided in the entire flow channel 31 or in a part
of the flow channel. For example, it may be provided in
the first, second, third, fourth and fifth flow ducts 31a,
31c, 31e, 31g, 31h. The sound absorbing material 37
may for example be open celled foam or a fibrous syn-
thetic material but it will be appreciated that any suitable
air permeable sound absorbing material can be used. As
a specific example it may comprise Polyethylene Tereph-
thalate (PET) fibres. By increasing the length of the air
flow channel 31 using cover members 32, 33 and 34, as
has been described with respect to Figures 2 and 3, ab-
sorbing material can be provided throughout a longer
channel and more acoustic energy can be absorbed. The
folded channel 31 functions as a labyrinth for the acoustic
waves and increases reflections of the waves into the
absorbing material. The material may also help diffuse
the velocity field of the air flow, thereby for example de-
creasing turbulence. This in turn will decrease flow-gen-
erated noise.

[0046] The cover members and the housing may be
shaped such that the flow path on one side of the motor
assembly 16 is symmetrical to the opposite side of the
motor assembly. As shown in Figures 2 to 5, the cover
members 32, 33 and 34 and the housing 18 are shaped
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such that the flow channel from the motor assembly to
the outlet 27 in the housing is symmetrical or near sym-
metrical 360 degrees around the motor assembly. In oth-
er words, the flow path is substantially symmetrical 360
degrees around the axis X of the motor assembly shown
in Figures 3 and 4. This is beneficial in order to achieve
amore even air flow and reduce turbulence. By reducing
turbulence, losses and noise can be reduced.

[0047] The inner, outer and intermediate cover mem-
bers and the housing may be shaped and arranged with
respect to each other to form air channels between the
walls with a constant or near constant cross-section. The
cross section A1, A2, A3 and A4 of these air channels,
corresponding to the first, second, third and fourth flow
ducts 31a, 31c, 31e, 31g as described with respect to
Figure 3, is shown in Figure 5a. The view in Figure 5a is
a cross-section along a plane P indicated in Figure 5b,
which shows another example of the air flow generator
arrangement. Plane P is orthogonal to the motor assem-
bly axis X. The generally parallel wall sections 32a, 33a,
34a, 18a of the inner, intermediate and outer cover mem-
bers and the housing may be provided by concentric cy-
lindrical wall sections, as indicated in Figure 5a. The cas-
ing 21 of the motor assembly 16 may have sections that
lie on a cylinder with radius R1, as shown in Figure 5a.
The radius R2 of the first wall section 32a of the inner
cover member is larger than radius R1 but smaller than
the radius R3 of the intermediate member wall section
34a, the radius R3 of the intermediate member wall sec-
tion is smaller than the radius R4 of the first wall section
33a of the outer cover member, which in turn is smaller
than the radius R5 of the first wall section 18a of the
housing. The difference between the radii of adjacent
cylinders may be the same or almost the same through-
out the wall structure to provide a generally constant
cross-section. In other words, radius R2 may be a dis-
tance D, or approximately distance D, greater than radius
R1, radius R3 may be distance D, or approximately D,
greater than radius R2 and so on. By having a generally
uniform cross section throughout the flow channel effi-
ciency can be improved and noise reduced. When the
motor assembly cover and housing are relatively sym-
metrical around the motor assembly axis X, it becomes
easier to design the air channel with a substantially con-
stant cross-section.

[0048] With reference to Figures 2, 6a and 6b, at least
some of the edges 32c¢, 33c, 34c of the inner cover mem-
ber 32, the outer cover member 33 and the intermediate
cover member 34 may be shaped to provide a longer
edge length. The longer edge increases the surface area
where the air makes a 180-degree turn, as indicated by
the arrow in Figure 6b, thereby decreasing the local
speed of air over the edge. As a result, turbulence and
flow induced noise is decreased. The edges may have
an undulating shape with a plurality of peaks and troughs.
The edges may have an undulating curved shape. The
edge may for example be in the shape of a sinusoid curve.
As shown in Figures 6a and 6b, each of the edges 32c,
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33c and 34c of the inner cover member 32, outer cover
member 33 and the intermediate cover member 34 may
be wave-shaped. In other implementations, only some
ofthe edges may be shapedto have alonger edge length.
In some implementations, and as shown in Figure 6b,
the wave shape or the undulating pattern is provided
along the edge and perpendicular to the direction of air
flow. In other words, the air flows across, and not along,
the waves as it passes the edge.

[0049] The amplitude of each peak or trough may for
example be a few millimetres. The wave pattern may
repeat with, for example, a 'wavelength’ between 8mm
and 20mm. As a specific example, the edge may have
an undulating shape forming a series of half circles. Each
half circle may have a radius of 3mm such that the height
from the trough formed by one half circle to the crest
formed by the adjacent half circle is 6mm. The curve pat-
tern would then be repeated every 12mm. In other ex-
amples the amplitude ofthe 'wave’ or series of half-circles
may be between 2mm and 4mm such that the height of
the wall from the trough to a crest is between 4mm and
8mm. However, it will be appreciated that other dimen-
sions and wave patterns can be used in other implemen-
tations.

[0050] The motor cover and housing may be made
from a synthetic resin, including but not limited to plastic.
However, it will be realised that the motor cover and hous-
ing may be made using any suitable method and material.
In some embodiments, they may be injection moulded.
[0051] Whilst specific examples and embodiments of
the invention have been described, the scope of the in-
vention is defined by the appended claims and not limited
to the examples and embodiments described. The inven-
tion could therefore be implemented in other ways and
numerous modifications and alternative arrangements
can be contemplated, as would be appreciated by those
skilled in the art.

[0052] Forexample, althoughthe cover membershave
been shown in the drawings with specific shapes, alter-
native shapes providing the same functions can be used
in other implementations. Moreover, although the flow
channel has been described to have a substantially uni-
form cross section, the flow channel may alternatively be
designed with a varying cross section. From a noise per-
spective variations can be beneficial if properly designed.
Moreover, the dust collector arrangement and the air flow
generator arrangement may comprise additional or alter-
native components to the ones shown in Figure 2.
[0053] The present disclosure considers the following
examples:

1. A vacuum cleaner (1) comprising:

a motor assembly (16) for generating an air flow
for drawing air carrying dust into a dust collector
compartment (11);

a cover (17) for the motor assembly; and

a housing (18) for the motor assembly and the
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cover, the cover and housing providing a wall
structure comprising a plurality of walls and de-
fining an air flow channel (31), from the motor
assembly to an air outlet (27) in the housing,
with a plurality of turns, wherein the cover com-
prises an inner and an outer motor assembly
cover member (32, 33), each extending over an
end of the motor assembly (16b) near the air
outlet (27) and along the side of the motor as-
sembly to form a double wall (32b, 33b) of the
wall structure between the motor assembly and
the air outlet in a region where the air exits the
motor assembly and each having an edge (32c,
33c) located with respect to other walls of the
wall structure such that air flows around the edge
to reach the outlet and thereby forms one of the
plurality of turns of the air flow channel.

2. A vacuum cleaner according to claim 1, wherein
the cover further comprises an intermediate cover
member (34) comprising a wall having an edge lo-
cated between the inner and outer cover members,
the wallforming anintermediate wall of the wall struc-
ture.

3. A vacuum cleaner according to claim 2, wherein
the edges (32c¢, 33c, 34c) of the inner, intermediate
and outer wall members (32, 33, 34) are arranged
in a staggered manner such that the air flow channel
comprises a flow duct (31c) in a space between the
inner and intermediate cover member, an interme-
diate bend duct (31d) providing one of the turns
around the edge (34c) of the intermediate member
and a flow duct (31e) in a space between the inter-
mediate cover member (34) and the outer cover
member (33).

4. Avacuum cleaner according to claim 2 or 3, where-
in the intermediate cover member comprises a gen-
erally cylindrical wall around the motor assembly.

5. A vacuum cleaner according to claim 2, 3 or 4,
wherein the inner and outer cover members com-
prise side wall sections (32a, 33a) which together
with the intermediate cover member (34) form gen-
erally cylindrical and concentric walls around the mo-
tor assembly.

6. A vacuum cleaner according to any one of claims
2 to 5, wherein the inner, outer and intermediate cov-
er members (32, 33, 34) and the housing (18) are
arranged with respect to each other to form a flow
channel (31) that has a generally constant cross-
section.

7. A vacuum cleaner according to any one of the
preceding claims, wherein each of the inner and out-
er cover members (32, 33) are bowl-shaped.
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8. A vacuum cleaner according to any one of the
preceding claims, wherein the flow channel has a
flow duct (31g) between the outer cover member (33)
and a wall (18a) of the housing.

9. A vacuum cleaner according to any preceding
claim, wherein the plurality of turns comprises mul-
tiple 180 degree turns.

10. A vacuum cleaner according to any preceding
claim, wherein the flow channel (31) has a flow duct
(31a) between the inner cover member (32) and the
motor assembly (16).

11. A vacuum cleaner according to any preceding
claim, wherein the motor assembly (16) comprises
rotating parts rotating, in operation, around an axis
(X) and wherein the outlet (27) in the housing is lo-
cated on the axis.

12. Avacuum cleaner according to claim 11, wherein
the flow channel from the motor assembly (16) to the
outlet (27) is substantially symmetrical 360 degrees
around the axis (X).

13. A vacuum cleaner according to any one of the
preceding claims wherein at least one of said edges
(32c, 33c, 34c) has an undulating shape with a plu-
rality of peaks and troughs.

14. A vacuum cleaner according to any one of the
preceding claims wherein at least one of said edges
(32c, 33c, 34c) are wave-shaped, preferably at least
one of said edges (32c, 33c, 34c) are in the shape
of a sinusoid curve.

15. A vacuum cleaner according to any one of the
preceding claims, wherein the flow channel (31) from
the motor assembly (16) to the air outlet (27), partly
or fully, comprises an air permeable synthetic fibre
material.

Claims

A vacuum cleaner (1) comprising:

a motor assembly (16) for generating an air flow
for drawing air carrying dust into a dust collector
compartment (11);

a cover (17) for the motor assembly; and

an air flow channel (31), from the motor assem-
bly to an air outlet (27) in the housing,

wherein the cover comprises an inner and an
outer motor assembly cover member (32, 33),
each extending over an end of the motor assem-
bly (16b) near the air outlet (27) and along the
side of the motor assembly to form a double wall
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(32b, 33b) of the wall structure between the mo-
tor assembly and the air outlet in a region where
the air exits the motor assembly and each having
an edge (32c, 33c) located with respect to other
walls of the wall structure such that air flows
around the edge to reach the outlet and thereby
forms one or more turns of the air flow channel,
wherein at least one of said edges (32c, 33c,
34c) has an undulating shape with a plurality of
peaks and troughs and/or at least one of said
edges (32c, 33c, 34c) are wave-shaped, prefer-
ably at least one of said edges (32c, 33c, 34c)
are in the shape of a sinusoid curve.

A vacuum cleaner according to claim 1, wherein the
vacuum cleaner comprises a housing (18) for the
motor assembly and the cover, the cover and hous-
ing providing a wall structure comprising a plurality
of walls and defining an air flow channel (31), from
the motor assembly to an air outlet (27) in the hous-
ing, with a plurality of turns,

A vacuum cleaner according to any of claims 1-2,
wherein the cover further comprises an intermediate
covermember (34) comprising awall having an edge
located between the inner and outer cover members,
the wallforming anintermediate wall of the wall struc-
ture.

A vacuum cleaner according to claim 3, wherein the
edges (32c¢, 33c, 34c) of the inner, intermediate and
outer wall members (32, 33, 34) are arranged in a
staggered manner such that the air flow channel
comprises a flow duct (31c) in a space between the
inner and intermediate cover member, an interme-
diate bend duct (31d) providing one of the turns
around the edge (34c) of the intermediate member
and a flow duct (31e) in a space between the inter-
mediate cover member (34) and the outer cover
member (33).

A vacuum cleaner according to claim 3 or 4, wherein
the intermediate cover member comprises a gener-
ally cylindrical wall around the motor assembly.

Avacuum cleaneraccordingtoclaim 3,4 or 5, where-
in the inner and outer cover members comprise side
wall sections (32a, 33a) which together with the in-
termediate cover member (34) form generally cylin-
drical and concentric walls around the motor assem-
bly.

A vacuum cleaner according to any one of claims 3
to 6, wherein the inner, outer and intermediate cover
members (32, 33, 34) and the housing (18) are ar-
ranged with respectto each other to form a flow chan-
nel (31) that has a generally constant cross-section.
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A vacuum cleaner according to any one of the pre-
ceding claims, wherein each of the inner and outer
cover members (32, 33) are bowl-shaped.

A vacuum cleaner according to any one of the pre-
ceding claims, wherein the flow channel has a flow
duct (31g) between the outer cover member (33) and
a wall (18a) of the housing.

A vacuum cleaner according to any preceding claim,
wherein the one or more turns comprises a 180 de-
gree turn.

A vacuum cleaner according to any preceding claim,
wherein the flow channel (31) has a flow duct (31a)
between the inner cover member (32) and the motor
assembly (16).

A vacuum cleaner according to any preceding claim,
wherein the motor assembly (16) comprises rotating
parts rotating, in operation, around an axis (X) and
wherein the outlet (27) in the housing is located on
the axis.

A vacuum cleaner according to claim 12, wherein
the flow channel from the motor assembly (16) to the
outlet (27) is substantially symmetrical 360 degrees
around the axis (X).

A vacuum cleaner according to any one of the pre-
ceding claims, wherein the flow channel (31) from
the motor assembly (16) to the air outlet (27), partly
or fully, comprises an air permeable synthetic fibre
material.
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