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A Filter Assembly

The present invention relates to a filter assembly.

Filters are key components in products containing motors, and particularly motors which
generate a flow of fluid through the product such as vacuum cleaners. Without filters, dirt
and debris can enter the motor, reducing its efficiency and performance overtime. In
addition, motors themselves can produce emissions in the form of particles which may

be undesirable to be released into the atmosphere.

However, the addition of filters to a product can impact the size of the product, particularly
If more than one filter Is required In order to filter both upstream and downstream of a
motor. In addition, filters typically require maintenance by a user, whether that be
replacement or removal for cleaning, and multiple filters to maintain can lead to

frustration for a user.

Therefore there is a need for improvements to be made to filters that can go some way

to alleviate these problems.

A first aspect of the present invention provides a filter assembly comprising: a filter
housing; a first filter; and a second filter, wherein the first filter 1s a pre-motor filter, the
second filter 1s a post-motor filter, and both the first and second filters are fixed to the
filter housing and are annular about a common axis, the filter housing comprises an
exposed portion and an enclosed portion, the exposed portion of the filter housing
comprises a frame extending from the enclosed portion, and the first filter i1s positioned

around the frame.

By combining both the pre-motor and post-motor filters into a single assembly, a more
compact and convenient motor filter assembly can be achieved. Furthermore, a user Is
able to handle and interact with both filters simultaneously. For example, removing,
replacing, washing or cleaning both the filters can be done in a single action instead of
the user having to do so for each filter individually. In addition, the annular shape of the
filters provides a particularly efficient use of space, whereby a motor can be positioned

at least partially within the annular shape defined by the filters.
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The cross-sectional shape of one or both of the first and second filters may be one of
circular, elliptical or obround. Motors tend to have a generally cylindrical shape, and
providing the filters with a cross sectional shape that substantially matches that of the

outside of the motor or motor housing, a particularly space-efficient filter can be

achieved.

The first filter may be adjacent the second filter in a direction along the common axis. As
a result, the filter surface area can be maximised while keeping the overall size of the

filter assembly to a minimum.

The enclosed portion of the filter housing may comprise an outer casing, and the second

filter may be positioned inside the outer casing.

As a result the exposed portion allows for efficient fluid flow to and around the pre-motor
filter, which can allow even-loading of the flow around the filter. The enclosed portion
allows a part of the filter assembly to remain enclosed such that a user can hygienically
handle the filter assembly by the enclosed portion without getting filtered dirt or dust on

their hands.

The outer casing may have vent holes. As a result, fluid flowing through the post-motor

filter Is able to exit the enclosed portion of the filter housing.

The first filter may comprise a layered filter medium, and the second filter may be a

pleated filter.

The filter housing may comprise an annular seal between the first and second filters. As

a result, the seal can ensure that there is no fluid leakage around the housing between
the pre- and post-motor filters. Any such fluid leakage around the housing could reduce

the performance of a motor positioned within the filter assembly.

The flow direction for the first filter may be opposite to the flow direction for the second

filter. As a result, there I1s an efficient fluid flow through the filter assembly which
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minimises any changes of direction for the fluid flow, which can have a negative impact

on efficiency and performance of a machine.

The flow direction for the first filter may be radially inwards towards the common axis,
and the flow direction for the second filter may be radially outwards away from the
common axis. As a result, the filter assembly can conveniently be positioned around a
motor positioned along the common axis, maximising the use of space, while providing

efficient filtration of fluid flowing into and out of the motor.

A second aspect of the present invention provides a product comprising a motor, and
the filter assembly described Iin any one of the previous statements, wherein the filter

assembly at least partially overlaps with the motor in a direction along the common axis.

As a result the filter assembly surrounds the motor In a particularly space efficient

arrangement. This helps to minimise the overall size of the product.

The filter assembly may be positioned around the motor such that the first filter Is
positioned around an inlet to the motor, and the second filter is positioned around an
outlet of the motor. As a result, fluid passes through the pre-motor filter directly into the

Inlet to the motor, and air leaving the motor passes directly through the post-motor filter.

The motor may be housed in a cylindrical motor bucket having a motor bucket inlet and
a motor bucket outlet, the filter assembly being positioned around the motor bucket and
being removable from the product by sliding the filter assembly over the motor bucket
along the direction of the common axis. As a result, the filter assembly can be quickly
and easily removed from the motor bucket, and maintenance of the filters Is more

convenient for a user.

The motor bucket inlet may comprise a plurality of through-holes aligned with the inlet of
the motor, and the motor bucket outlet may comprise a plurality of through-holes aligned
with the outlet of the motor. As a result, the through holes allow fluid to flow easily through
the motor bucket, without unnecessarily compromising the structural integrity of the

motor bucket.
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The filter housing may comprise an annular seal between the first and second filters, the
annular seal being In sealing contact with a solid central portion of the motor bucket
between the motor bucket inlet and motor bucket outlet. As a result, the seal can ensure
that there 1s no fluid leakage around the housing between the motor bucket inlet and

motor bucket outlet. Any such fluid leakage around the housing could reduce the

performance of the motor, and as a result the performance of the product.

The product may be a vacuum cleaner.

At least part of the filter assembly may form at least part of an outer surface of the
product. As a result, the filter assembly can be easily accessed by a user, and filter

maintenance 1s made easier.

The filter housing may comprise an enclosed portion comprising an outer casing, and it

may be the outer casing that forms at least part of an outer surface of the product.

In order that the present invention may be more readily understood, embodiments of the

invention will now be described, by way of example, with reference to the following

accompanying drawings, in which:

Figure 1 1s a filter assembly;

Figure 2 1s a cross section through the filter assembly of Figure 1;

Figure 3 shows a partially assembled filter assembly;

Figure 4 shows a motor assembly and the filter assembly of Figure 1;

Figure 5 shows a cross section through the motor and filter assemblies of Figure 4;

Figure 6 shows the assemblies of Figure 5, with the filter assembly assembled in place

around the motor assembly;
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Figure 7 shows a vacuum cleaner comprising the filter assembly of the previous figures;

and

Figure 8 shows part of the vacuum cleaner of Figure 7 during removal and reinstallation

of the filter assembly.

Figure 1 shows a filter assembly 1, and Figure 2 shows a cross section through the same
filter assembly 1. Figure 3 shows part of the filter assembly 1 where some components
are not shown. The filter assembly 1 comprises a filter housing 2 to which are fixed two
filters: a pre-motor filter 3, and a post-motor filter 4. The pre-motor filter 3 and the post-
motor filter are both annular in shape, and are both annular about a common axis A. The
pre-motor filter 3 Is positioned adjacent the post-motor filter 4, with little separating the

two so as to to minimise the overall size of the filter assembly 1.

The pre-motor filter 3 can be formed of any suitable filter material, or combination of
materials, typically found in pre-motor filters. In the present embodiment the pre-motor
filter 3 comprises layers of filter media including a layer of scrim or web material, a non-
woven filter medium such as fleece, followed by a further layer of scrim or web material.
An electrostatic filter medium could also be included If desired. The post-motor filter 4
can similarly be formed of any suitable filter material, or combination of materials,
typically found in post-motor filters. In the present embodiment, the post-motor filter 4 is

formed of a pleated HEPA-standard (high efficiency particulate air) filter medium.

The filter housing consists of two identifiably distinct areas, an exposed portion and an
enclosed portion. The exposed portion of the filter housing 2 has a frame 5 which extends
from the enclosed portion of the filter housing 2. The pre-motor filter 3 Is positioned
around the frame 5 of the exposed portion of the frame 5. The frame 5 acts to support
the pre-motor filter 3 such that it maintains its annular shame when the filter assembly 1
IS In use. The enclosed portion of the filter housing 2 has an outer casing 6 (not shown
INn Figure 3), and the post-motor filter 4 Is fixed inside the outer casing 6. The outer casing
has a number of vent holes 7, or apertures, through which fluid such as air is able to flow
and, as such, the vent holes 7 act as the outlet of the filter assembly 1. In Figure 1, the
post-motor filter 4 is partially visible through the vent holes 7 in the outer casing 6 of the

filter housing 2.
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The filter housing 2 also comprises an annular seal 8 positioned between the pre-motor
filter 3 and the post-motor filter 4 inside the filter assembly 1. A further annular seal 9 Is
provided at one end of the filter housing at the opposite end of the pre-motor filter 3 from
the post-motor filter 4. The annular seals 8 and 9 act to seal with a motor assembly when
the filter assembly 1 i1s use and the function of the annular seals 8 and 9 will explained

In more detail later, in particular with reference to Figure 6.

The outer casing 6 has a solid end wall 10, and the post-motor filter 4 is fixed inside the
outer casing 6 In a position such that an annular cavity 11 is defined between the post-
motor filter 4 and the outer casing 6. The annular cavity may simply be a void, as shown

In the figure 2, or the annular cavity could be used to house another material such as.

Figure 4 shows the filter assembly 1 and a motor assembly comprising a motor bucket
20, and Figure 5 shows a cross section through the filter assembly 1 and motor assembly

of Figure 4. Figure 6 shows the assemblies of Figure 5, with the filter assembly 1

assembled Iin place around the motor assembly.

The motor assembly comprises a motor bucket 20 having a motor bucket inlet 21
comprising a plurality of through-holes 22 acting as an inlet to a motor, and a motor
bucket outlet 23 comprising a plurality of similar through-holes 24 acting as an outlet
from a motor. A central portion 25 of the motor bucket separates the motor bucket inlet

21 and motor bucket outlet 23.

The motor 26 Is located inside the motor bucket 20. The motor inlet 27 Is aligned with
the motor bucket inlet 21, and the motor outlet 28 Is aligned with the motor bucket outlet
23. A cavity 29 between the motor outlet 28 and the motor bucket outlet 23 can house,
for example, an open cell acoustic foam In order to provide further acoustic dampening

benefits.

Whilst Figures 5 and 6 show the filter assembly 1 separated from the motor assembly,
Figure 6 shows the filter assembly in position around the motor assembly. The annular
shape of the pre-motor filter 3 and post-motor filter 4 allows the filter assembly 1 to fit

over the motor bucket 20 such that it over overlaps with the motor 26 in a direction along
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the common axis A. The filter assembly 1 1s therefore positioned around the motor 26,
with the pre-motor filter 3 is positioned around the motor bucket inlet 21, and the post-
motor filter 4 positioned around the motor bucket outlet 23. The filter assembly 1 is
removable and replaceable over the motor assembly by sliding the filter assembly 1 over

the motor bucket 20 along the direction of the common axis 20.

During operation, the motor 26 creates a fluid flow and draws fluid such as air through
the pre-motor filter 3 as indicated by the arrow B, the fluid then flows into the motor
bucket 20 via the through-holes 22 in the motor bucket inlet 21, and through the motor
260. After the fluid exits the motor outlet 28, it passes back out of the motor bucket 20 via
the through-holes 24 in the motor bucket outlet 23, through the post-motor filter 4, before
exiting the filter assembly 1 via the vent holes 7 In the outer casing 6, as represented by
arrow C. As is evident from Figure 6, the fluid directions into and out from the filter
assembly 1, represented by arrows B and C respectively, are opposite to each other.
The flow direction for the pre-motor filter 3 Is radially inwards Iin a direction towards the
common axis A, and the flow direction for the post-motor filter 4 is radially outwards in a

direction away from the common axis A.

The annular seal 8 seals against the central portion 25 of the motor bucket 20 such that
any fluid flow within the filter assembly 1 between the inlet and the outlet is prohibited.
The further annular seal 9 seals with another part of the motor bucket 20 on the opposite
side of the motor bucket inlet 21 to the annular seal 8. The annular seals 8 and 9
therefore seal the filter assembly 1 on each side of the motor bucket inlet 21 to ensure
that no fluid Is able to leak around the filter assembly 1 which could reduce the

performance and efficiency of the motor 26, and any product containing the motor 26.

Figure 7 shows a vacuum cleaner 30 comprising the filter assembly 1 of the previous
Figures. The vacuum cleaner 30 is of the handheld type, although the filter assembly Is
not limited for use with handheld vacuum cleaners, and could be used In any product
requiring pre- and post-motor filters. The vacuum cleaner 30 has a dirt separator 31, a
handle 32, a power source In the form of a battery pack 33, and a main housing 34. The
dirt separator 31 separates dirt from a dirt-laden airflow that is drawn into the vacuum

cleaner by a motor housed within the main housing 34, and powered by the battery pack
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33. After passing through the motor, cleaned air is expelled through the vent holes 7 In

the outer casing 6 of the filter assembly 1.

The outer casing 6 of the filter assembly 1 forms part of the outer surface of the product.
This makes It easy for a user to handle the filter assembly, for example during
maintenance of the filter assembly when the user may be required to remove the filter
assembly from the vacuum cleaner. In addition, the air (or other fluid) leaving the filter

assembly is expelled directly into the atmosphere, and no additional ducting Is required.

Figure 8 shows removal and/or replacement of the filter assembly 1 from the vacuum
cleaner 30 of Figure 7. As Indicated by the double arrows D, the filter housing 1 Is
removed from, and subsequently reassembled onto, the vacuum cleaner by sliding the
filter assembly over the motor bucket 20 along the direction of the common axis A. The
motor bucket outlet 23 can be seen in Figure 8, but the motor bucket inlet i1s positioned
Inside the main housing 34. The main housing 34 has an annular recess around the
motor bucket 20 such that the exposed portion of the filter assembly 1, which comprises
the pre-motor filter 3, Is able to slide inside the main housing 34 Iinto position around the

motor bucket inlet.

A catch 35, or other temporary fixing means, iIs provided on the main body 34 of the
vacuum cleaner 30 to lock the filter assembly 1 in place to prevent it from sliding off while
the vacuum cleaner 30 Is In use. There Is a corresponding engagement member on the
filter housing of the filter assembly (not shown) which engages with the catch 35 on the
main body 34. Rotation of the filter assembly 1 Is required to engage the engagement
member with the catch. Alternative temporary fixing means could be used instead of the
catch 35. Forexample, the filter assembly 1 could be held in place on the vacuum cleaner

30 by way of a magnetic engagement.

Whilst particular embodiments have thus far been described, it will be understood that
various modifications may be made without departing from the scope of the invention as

defined by the claims.

For example, in the embodiments described above, the pre- and post-motor filters have

a circular cross-sectional shape. However, In alternative embodiments, other cross-
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sectional shapes may be adopted whist maintaining the annular shape around a common
axis. For example, the cross-sectional shape of the pre- and post-motor filters may be
elliptical, obround, square or rectangular. Furthermore, whilst the embodiments
described above all show the pre-motor filter and the post-motor filter both having the
same cross-sectional shape, it will be understood that in alternative embodiments, the
pre-motor filter may have a different cross-sectional shape to the post-motor filter. The
shapes of the pre-motor filter and post-motor filter, and as such the filter assembly In
which they are housed, can therefore be adapted to the requirements of the vacuum

cleaner in which they are being used.
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CLAIMS

1. A filter assembly comprising:

a filter housing;

a first filter; and

a second filter,
wherein the first filter is a pre-motor filter, the second filter is a post-motor filter, and both
the first and second filters are fixed to the filter housing and are annular about a common
axis, the filter housing comprises an exposed portion and an enclosed portion, the
exposed portion of the filter housing comprises a frame extending from the enclosed

portion, and the first filter is positioned around the frame.

2. A filter assembly as claimed in claim 1, wherein the cross-sectional shape of one

or both of the first and second filters is one of circular, elliptical or obround.

3. A filter assembly as claimed in claim 1 or claim 2, wherein the first filter is adjacent

the second filter Iin a direction along the common axis.

4 A filter assembly as claimed in any of claims 1 to 3, wherein the enclosed portion
of the filter housing comprises an outer casing, and the second filter Is positioned inside
the outer casing.

5. A filter assembly as claimed in claim 4, wherein the outer casing has vent holes.

0. A filter assembly as claimed in any one of the preceding claims, wherein the first

filter comprises a layered filter medium.

/. A filter assembly as claimed in any one of the preceding claims, wherein the

second filter i1s a pleated filter.

3. A filter assembly as claimed in any one of the preceding claims wherein the filter

housing comprises an annular seal between the first and second filters.
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