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(57) ABSTRACT

A dual filter arrangement for a vacuum cleaner for filtering
particles of dust and debris from an airtlow passing through
the vacuum cleaner. The dual filter comprises a coarse pre-
filter having an array of pores formed therein of substantially
uniform diameter and a fine primary filter which 1s located
rearwardly of the pre-filter in the direction of flow of the
airflow. The dual filter 1s releasably latched to a main housing
portion of the vacuum cleaner housing. A nose cone 1s remov-
ably secured to the housing and circumscribes the dual filter
assembly. The dual filter enables even more efficient filtering
of contaminants from dust and dirt entrained air ingested by
the vacuum cleaner. Attachment of the dual filter to the main
housing portion provides the additional advantage of increas-
ing the capacity of the nose cone and eliminating the need for
the user to handle the dual filter assembly when emptying
contaminants collected within the nose cone. A umique seal
arrangement provides a substantially airtight seal between the
dual filter system and the main housing to which 1t 1s secured.

19 Claims, 7 Drawing Sheets
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DUAL FILTER VACUUM CLEANER
APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATION

This application is a continuation of U.S. application Ser.

No. 11/108,103, filed Apr. 15, 2005, now U.S. Pat. No. Re.
40,542, which is a Reissue of U.S. Pat. No. 6,546,592 B1,
issued Apr. 15, 2003, which claims priority to Great Britain
application Serial No. 9916759, filed Jul. 17, 1999.

TECHNICAL FIELD

The present invention relates to improvements 1n the filter
arrangements used 1n vacuum cleaners, and 1n particular to
improvements 1n the filter arrangements used in hand held
battery operated vacuum cleaners.

BACKGROUND OF THE INVENTION

In many known vacuum cleaners a motor powered either
by a mains electricity supply or a battery pack, which may be
rechargeable, rotatingly drives a fan. The fan generates an
airtlow within which particles of dust and debris to be col-
lected by the vacuum cleaner become entrained. The airflow
generally enters the vacuum cleaner via an inlet nozzle and
passes through a filter so that particles of dust and debris
entrained 1n the airtlow are removed from the airtlow by the
filter and are collected 1n a collecting chamber. A problem
with this type of vacuum cleaner 1s that after some use the
pores of the filter can become blocked by particles of dust and
debris which tend to bind together to form relatively large
conglomerations. Once the filter becomes blocked the airflow
through 1t 1s reduced and the suction power of the vacuum
cleaner 1s reduced.

In 1ts simplest form the filter can be a piece of woven
polyester maternial supported in a frame and located between
a collecting chamber and the fan. Such a simple filter will
filter out the majority of particles of dust and debris from the
airtlow drawn 1nto the fan, some of which particles then drop
into the collecting chamber. However, such simple filters do
tend to become blocked relatively quickly and can be 1net-
fective to filter out smaller particles of dust and debris from
the airtlow.

Improved filters are known 1n which the filter comprises an
accordian-like or “concertina” of filter material, 1n order to
increase the surface area of the filter while not taking up too
much space within the vacuum cleaner. However, these can
also become blocked through use and the folds 1n the concer-
tina of filter material provide crevices in which conglomera-
tions of particles of dust and debris can accumulate. In such
filters the filter material has to be made of materials which
maintain their shape once folded, which can increase the
expense of the filter maternial used, particularly if a fine filter
1s required.

It 1s important that the filter arrangement used 1n the
vacuum cleaner 1s effectively sealed within the housing of the
vacuum cleaner so that none of the airtlow within which dust
and debris 1s entrained leaks around the sides of the filter. It 1s
desirable that all the airtlow through the fan passes through
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the filter so that all the particles of dust and debris entrained in
the airtflow are filtered out and collected 1n a collecting cham-

ber. Such a seal for a filter will have to be effective throughout
the lifetime of the vacuum cleaner and may have to withstand
regular disassembly of the parts of the vacuum cleaner sur-
rounding 1t 1n order that the collecting chamber can be emp-
tied, and possibly so that the filter itself can be cleaned.

In some vacuum cleaners the filter 1s regularly removed
from the housing of the vacuum cleaner so that 1t can be
cleaned. In such vacuum cleaners 1t 1s desirable to be able to
remove and replace the filter easily and without reducing the
strength of any seal between the filter and components of the
vacuum cleaner surrounding 1t. However, the need for the user
to physically handle the filter element to clean same 1s a
drawback.

A first aspect of the present mvention seeks to overcome
some of the problems discussed above by providing a filter
arrangement for a vacuum cleaner which 1s less vulnerable to
blocking by particles of dust and debris. A second aspect of
the present invention seeks to overcome some of the disad-
vantages discussed above by providing a high surface area
and low volume filter 1n which relatively inexpensive, flex-
ible, fine filter material can be used. A third aspect of the
present invention seeks to overcome some of the problems
discussed above by providing a filter arrangement with
improved sealing to adjacent components. A fourth aspect of
the present invention seeks to overcome some of the disad-
vantages discussed above by providing a releasable fixing
arrangement for a filter arrangement within a vacuum cleaner
which 1s easy to operate and maintains a good seal around the
filter arrangement when the arrangement 1s fixed within the
vacuum cleaner.

SUMMARY OF THE INVENTION

According to a first preferred embodiment of the present
invention there 1s provided a dual filter arrangement for a
vacuum cleaner. The dual filter arrangement 1s effective for
filtering particles of dust and debris from an airflow passing
through the vacuum cleaner. The dual filter comprises a
coarse pre-filter and a fine primary filter which 1s located
rearwardly of the pre-filter in the direction of flow of the
airflow.

Clearly, the pre-filter will prevent a proportion of the par-
ticles of dust and debris entrained 1n the airflow from reaching
the primary filter and thus will reduce the blocking of the
primary filter. Furthermore, the use of a coarse pre-filter
means that the sizes of particles reaching the primary filter
will be of more uniform diameter than if the pre-filter was not
present, because all particles reaching the primary filter wall
have diameters less than the diameter of the pores in the
pre-filter. It has been found that particulate material of more
uniform diameter 1s more resistant to binding than particulate
maternial of greatly varying diameter. This further reduces the
tendency of the primary filter to become blocked because the
particulate matter incident on 1t 1s less inclined to bind
together to form the conglomerated masses of dust and debris
particles which are responsible for the blocking up of the
filter. In this way, the majority of particles of dust or debris
incident on the primary filter will fall away from the surface
thereof and can be collected.

Preferably, the diameter of the pores of the pre-filter 1s set
at a substantially uniform value, preferably at a value within
the range 0.75 mm to 1.75 mm and in particular a value of 1
mm. It would generally be expected that using such large
diameter pores would not detlect particulate matter of smaller
s1ze, such as average sized dust particles from the airtlow.
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However, the pre-filter with an array of substantially uniform
diameter pores with a diameter set at a value within this
preferred range serves to detlect a significant amount of par-
ticles of dust and debris picked up 1n a standard manner by a
vacuum cleaner and entrained in an airflow passing through 1t
irrespective of the particle size. When the particles entrained
in the airflow hit the pre-filter, their momentum is reduced or
climinated and the airtlow 1s often insuiliciently strong to
recapture such particles which then fall out of the airtlow and
can be collected. This significantly reduces the volume of
particulate material which reaches the primary filter and so
will reduce blocking of the primary filter further.

The primary filter comprises a concertina shaped arrange-
ment of a fine filter material 1n order to provide a high surface
areca and low volume primary filter. It 1s preferred that the
primary filter comprises a frame comprising two opposing,
arrays ol arms and that the concertina shaped arrangement of
fine filter material 1s supported between opposing pairs of the
arms. This support for the fine filter matenial enables more
inexpensive and flexible fine filter material to be used because
the filter material 1s supported 1in the concertina formation and
s0 does not have to maintain this formation due to its own
rigidity. In a preferred arrangement, the opposing arrays of
arms are each arranged to form a corrugated or zig-zag for-
mation and so are conveniently positioned to support the
entire length of the opposing sides of a strip of filter maternial
folded into a concertina formation. To further increase the
surface area of the primary filter without increasing 1ts vol-
ume 1t 1s preferred that additional pieces of fine filter matenal
are located between adjacent arms of the arrays of arms. To
case manufacture, 1t 1s preferred that the frame of the primary
filter comprises a molded plastic matenal.

In order to reduce the volume taken up by the dual filter
arrangement without decreasing 1ts performance, it 1s pre-
terred that the pre-filter 1s formed with a recess within which
the primary filter 1s recerved. In a preferred embodiment the
pre-filter comprises an open box shaped structure in which
the array of pores 1s located 1n at least one of the sides of the
structure and more preferably the array of pores 1s located 1n
all five sides of the structure.

The pre-filter may conveniently be made from a molded
plastic matenal. Preferably, this material comprises a low
friction material, such as polypropelene, and may be an anti-
static compound such as achieved by mixing carbon with
polypropelene. In order to provide a seal between the pre-
filter and co-operating parts of the vacuum cleaner housing,
and to ensure that all of the airflow within which dust and
debris 1s entrained passes through the dual filter arrangement,
the pre-filter has a peripheral rim. The peripheral rim 1s used
to couple the pre-filter to the primary filter and/or to a housing,
part of a vacuum. Preferably, a peripheral seal element made
of a resilient material surrounds said rim.

The seal element comprises a first rearwardly extending
resilient portion which extends around the periphery of the
rim ol the pre-filter towards the primary filter, and which
surrounds the periphery of the primary filter when the dual
filter arrangement 1s fitted to a vacuum cleaner. This helps to
provide a closure between the peripheries of the pre-filter and
the primary filter. This seal 1s effectively formed by ensuring
that the first rearwardly extending resilient portion extends
rearwardly beyond the primary filter to engage a first housing,
part ol a vacuum cleaner to form a seal therewith when the
dual filter arrangement 1s fitted to a vacuum cleaner. This
arrangement also provides a seal between the dual filter
arrangement and the first housing part.

It 1s further preferred that the seal element comprises a
second rearwardly extending resilient portion. This second
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portion extends around the periphery of the rim of the pre-
filter towards the primary filter to engage a peripheral rim of
the primary filter, to thus form a seal therewith when the dual
filter arrangement 1s fitted to a vacuum cleaner. This provides
turther sealing between the pre-filter and the primary filter to
prevent dust laden airflow leaking therebetween.

In a preferred embodiment the seal element may comprise
a substantially radially outwardly extending resilient portion
which extends around the periphery of the rim of the pre-
filter. This resilient portion engages a second housing part of
a vacuum cleaner to form a seal therewith when the dual filter
arrangement 1s fitted to a vacuum cleaner. Preferably, a radi-
ally inwardly extending wall 1s provided on the second hous-
ing part of the vacuum cleaner, and a front facing surface of
the radially outwardly extending resilient portion engages a
rearwardly facing surface of the wall to form a seal therebe-
tween. It 1s further preferred that, 1n use of the vacuum
cleaner, the seal between the radially outwardly extending
resilient portion and the radially mwardly extending wall 1s
reinforced by a pressure differential generated by an under-
pressure area located in front of the dual filter arrangement.

Alternatively, the sealing element may comprise a substan-
tially radially outwardly extending resilient portion which
extends around the periphery of the rim of the pre-filter. The
periphery of the radially outwardly extending resilient por-
tion 1s arranged such that it does not engage the second
housing part of the vacuum cleaner when the vacuum cleaner
1s not 1n use but, when the vacuum cleaner 1s 1n use, a pressure
differential 1s generated by an underpressure area located 1n
front of the dual filter arrangement. This pressure differential
urges the periphery of the radially outwardly extending resil-
ient portion into engagement with the second housing part to
form a seal therewith. Since the seal i1s not in {rictional
engagement with the second housing part when the second
housing part 1s removed, i1t provides for easier removal of that
second housing part.

The second housing part referred to may comprise the wall
of a removable nose cone of the vacuum cleaner through
which dust and debris are sucked into the vacuum cleaner.
The seal element may be made of any resilient sealing mate-
rial, such as rubber, neoprene, silicones or other suitable
clastomers. Conveniently, the seal element may by molded
around the periphery of the rim of the pre-filter. An advantage
of this construction 1s that the operator i1s not required to
physically handle the dual filter assembly when removing and
emptying the removable nose cone. Still another advantage 1s
that the mounting of the dual filter assembly on the first
housing part allows the capacity of the nose cone to be
increased. This arrangement further limits the possibility of
the dust and dirt within the nose cone from coming 1n contact
with the dual filter assembly when the nose cone 1s being
emptied. Still further, the dual filter assembly 1tself 1s easier to
clean because the assembly 1s mounted on the first housing
part, which means that less handling of the assembly will be
required by the user.

In a preferred embodiment of the present invention the
pre-filter 1s releasably latched to a first housing portion of a
vacuum cleaner by a latching arrangement against a biasing
force generated by the seal element. Preferably, at least one
cam surface 1s located between co-operating latching parts of
the latching arrangement. The movement of at least one of the
latching parts over the cam surface during the unlatching
movement causes the seal element to be compressed beyond
the degree of compression of the seal element when the pre-
filter 1s latched to the first housing portion. Thus, the seal
clement has the dual function of providing sealing and of
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providing resilient biasing of the latching arrangement, thus
providing a potential reduction of component parts.

In a preferred embodiment at least one keyhole shaped
aperture 1s provided in the rim of the pre-filter. The keyhole
shaped aperture 1s used to releasably receive a co-operating
latch element which extends from the first housing portion.
The latch element may comprise a peg with an enlarged head
which can fit within the widened portion of the aperture and a
stem which can {it within the narrow portion of the aperture.
In this preferred embodiment the cam surface may surround
the aperture and may comprise at least one ridge over which
the co-operating latch element must ride when moving into or
out of the latched position.

Preferably, the primary filter has a peripheral rim via which
it 1s releasably latched between the pre-filter and the first
housing portion. The first housing portion of the vacuum
cleaner referred to above may be a housing portion which
surrounds an inlet to a fan of the vacuum cleaner.

According to a second aspect of the present invention there
1s provided a concertina filter arrangement for a vacuum
cleaner for filtering particles of dust and debris from an air-
flow passing through the vacuum cleaner. The concertina
filter arrangement comprises a {frame and a concertina shaped
arrangement of filter material. The concertina shape of the
filter matenal 1s supported 1n and maintained by the frame,
preferably along opposing zig-zag edges of the filter material.
The concertina filter may have the preferred features of the
concertina shaped primary filter arrangement described
above. Such a concertina filter can be made of relatively
inexpensive and flexible fine filter material because the con-
certina shape 1s supported by the frame and not by the filter
materal 1tself.

According to a third aspect of the present invention there 1s
provided filter arrangement for a vacuum cleaner in which the
filter has a peripheral rim via which it 1s fitted to a first housing
part of a vacuum cleaner, and wherein a peripheral seal ele-
ment made of a resilient material surrounds the rim. Prefer-
ably, the seal element comprises a first rearwardly extending
resilient portion which extends around the periphery of the
rim of the filter towards the first housing part to form a seal
therewith when the filter arrangement 1s fitted to a vacuum
cleaner. The seal element may additionally or alternatively
have a radially outwardly extending resilient portion accord-
ing to any preferred embodiment described above 1n relation
to the seal element of the first preferred embodiment of the
present invention.

According to a fourth aspect of the present invention there
1s provided a filter arrangement for a vacuum cleaner in which
the filter has a seal element made of a resilient material for
sealing against a housing part of a vacuum cleaner, and
wherein the {filter can be releasably latched to a housing
portion of a vacuum cleaner by a latching arrangement
against a biasing force generated by the seal element. The
tourth aspect of the present invention has the same preferred
teatures and advantages as described above 1n relation to the
latch arrangement for the pre-filter of the first described
embodiment of the present invention.

According to further aspects of the present invention there
1s provided a vacuum cleaner comprising any one of the filter
arrangements described above according to the first, second,
third or fourth aspects of the present invention. In a preferred
form the vacuum cleaner may comprise a first housing portion
which houses a battery pack, a motor and a fan, and a second
housing portion which comprises a nose cone. The battery
pack powers the motor which rotatingly drives the fan to
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generate an airflow which enters the vacuum cleaner through
the nose cone and passes through the dual filter arrangement
into the fan.

BRIEF DESCRIPTION OF THE DRAWINGS

The various advantages of the present invention will
become apparent to one skilled in the art by reading the
tollowing specification and subjoined claims and by referenc-
ing the following drawings 1n which:

FIG. 1 shows a longitudinal cross-section of a hand held
battery powered vacuum comprising a dual filter system
according to a preferred embodiment of the present invention;

FIG. 2 shows a front perspective view of a primary filter
used 1n the dual filter system of the vacuum cleaner of FI1G. 1;

FIG. 3 shows a rear perspective view of the primary filter
shown 1n FIG. 2;

FIG. 4 shows a side view of the primary filter shown 1n
FIGS. 2 and 3;

FIG. § shows a side perspective view of a pre-filter used 1n
the dual filter system of the vacuum cleaner of FIG. 1;

FIG. 6 shows a bottom view of the pre-filter shown 1n FIG.
S;

FIG. 7 shows a top view of the pre-filter shown 1n FIGS. 5
and 6 and shows an array of filter holes provided 1n the front
surface of the pre-filter;

FIG. 8 shows a longitudinal cross-section of the pre-filter
shown in FIGS. 5to 7;

FIG. 9 shows a side view of the pre-filter shown in FIGS. 5
to 8 and shows an array of {ilter holes provided in all the side
surfaces of the pre-filter;

FIG. 10 shows an enlarged longitudinal cross-section of a
portion of the rim of the pre-filter shown 1n FIGS. 5t0 9 and
1ts associated seal element;

FIG. 11 shows a side perspective view of a portion of the
upper surface of a rim of an embodiment of a pre-filter similar
to that shown 1n FIGS. 5 to 10;

FIG. 12 shows a longitudinal cross-section of a portion the
nose cone of the vacuum cleaner shown i FIG. 1 and an
embodiment of a seal element for the rim of the pre-filter
shown 1n FIGS. 5 to 11; and

FIG. 13 shows a longitudinal cross-section of a portion the
nose cone of the vacuum cleaner similar to that shown in FIG.
1 and an embodiment of a seal element for the rim of the

pre-filter shown 1n FIGS. 5 to 11.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
]

ERRED

Referring to FIG. 1, there 1s shown a preferred embodiment
ol a battery powered hand held vacuum cleaner (1) 1n accor-
dance with the present mvention. The vacuum cleaner (1)
generally comprises a main housing portion (2) and a nose
cone (4) and can be releasably mounted on a charging unit (6)
in a known manner. The charging unit (6) can optionally be
mounted on a wall for storage and re-charging of the vacuum
cleaner.

The main housing portion (2) comprises a handle (8) and
houses a motor (10) which 1s powered by a re-chargeable
battery unit (12) also housed within the main housing portion.
When the vacuum cleaner 1s mounted on the charging unit (6),
the battery unit (12) 1s electrically connected to the charging
unit to charge the battery unit. For this purpose the charging
unit (6) can be connected to a mains electricity supply via an
clectrical cable (14). The motor (10) 1s switched on and oif by
movement of an actuator (16) which 1s slidably mounted on
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the main housing portion (2). The actuator (16) operates a
switch unit (18) which switches the motor (10) on and off.

The motor (10) rotatingly drives a fan (20). When the fan
(20) 1s rotated by the motor (10) 1t draws air 1nto i1t axially
from the front of the fan through an inlet (84) provided 1n the
front of the main housing portion (2), as indicated by arrows
(A). The fan (20) expels air radially, as indicated by arrows
(B). The air expelled by the fan (20) exits the main housing
portion (2) via vents (not shown) provided in the housing
portion. A dual filter system (34) which comprises a pre-filter
(36) and a primary filter (38) 1s releasably latched onto the
front of the main housing portion (2) in front of the inlet (84)
to the fan (20) by a pair of pegs (40) which extend from the
front of the main housing portion. The pegs (40) have
enlarged heads and can be releasably latched within a corre-
sponding pair of keyhole shaped apertures provided 1n the
pre-filter (36) and 1n the primary filter (38) 1n a manner
described 1n more detail below.

The nose cone (4) can be releasably fitted onto the main
housing portion (2) by the engagement of detent members
(22.24) provided on the main housing portion with co-oper-
ating recesses (26,28) provided in the nose cone. Detent
member (24) can be retracted from recess (28) by depressing,
a release lever (30) against the force of a biasing spring (32)
in order to remove the nose cone (4) from the main housing
portion (2). The nose cone (4) comprises an inlet tube (42) for
the ingress of dust and debris to be collected by the vacuum
cleaner. At the rear end of the inlet tube (42) 1s provided a
deflector (44) for deflecting dust and debris downwardly into
a collecting chamber (46) provided 1n the nose cone (4).

In use when the vacuum cleaner (1) 1s detached from the
charging unit (6) and the motor (10) 1s switched on, the
impeller [(12)] (20) rotates to draw an airflow into the front
end (48) of the ilet tube (42), along the inlet tube (42)
through the dual filter system (34) and axially into the fan
(20). The front end (48) of the mlet tube 1s directed by a user
towards a surface from which dust and/or other debris 1s to be
collected. The airtlow generated by the fan (20) entrains dust
and debris within 1t which 1s pulled up the mnlet tube (42), and
a portion thereot 1s deflected downwardly with the airflow by
the detlector (44) towards collecting chamber (46). In this
way some o the dust and debris entrained in the airtlow will
be removed from the airtlow and collected within the collect-
ing chamber (46). The remainder of the dust and debris
entrained within the airflow will be separated from the airflow
by the dual filter system (34). The proportion of dust and
debris separated from the airflow by the pre-filter (36) will
drop downwardly, due to gravity, and will be collected 1n the
collecting chamber (46) of the nose cone (4). The remaining,
relatively small, proportion of the dust and debris separated
from the airflow by the primary filter (38) will be collected 1n
the space between the pre-filter (36) and the primary filter
(38).

When a user has collected a pre-determined amount of dust
and debris or has completed a cleaning task, the motor (10)
will be switched off and the nose cone (4) removed from the
main housing portion (2) by depressing the release lever (30).
The dust and debris contained 1n the collecting chamber (46)
can then be disposed of. Also, the dual filter system (34) can
be removed as required by the operator from the main housing,
portion (2). Any dust or debris collected on or between the
pre-filter (36) and the primary filter (38) can then be removed.
The dual filter system (34) and nose cone (4) can then be
re-fitted onto the main housing portion (2) and the vacuum
cleaner (1) 1s ready for further use or can be stored away for
subsequent use.
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One of the benefits of the arrangement utilizing a dual filter
attached to the main housing portion (2) 1s that this design
provides for relative ease of emptying and cleaning the
vacuum cleaner. In particular, the user may hold the housing
unit 1n one hand while removing the collecting chamber

[(26)] (46) with an opposed hand, the dust and debris being

primarily retained within the collecting chamber (46) and
thus can be emptied at the operator’s convenience. No addi-
tional step 1s required to remove the prefilter or primary filter
from the main housing or from the nose cone (4). Any debris
collected between the primary filter and the pre-filter can
simply be removed by vibrating or shaking the housing unit
with the filters attached thereto. This enables a continuous
operation to empty the vacuum cleaner. It also eliminates the
need for the user to handle the dual filter system (34) when
emptying the nose cone (4), and the possibility of further
contaminating the filter system during emptying of the nose
cone.

Still another advantage of the vacuum cleaner (1) of the
present invention 1s that by mounting the dual filter system
(34) on the main housing portion (2), rather than within the
nose cone (4), the capacity of the nose cone for containing
dust and dirt debris 1s increased. In contrast, previously devel-
oped systems have incorporated the filter element within the
removable nozzle or like element, which significantly
reduces the capacity of the nozzle for holding contaminants.
It will be appreciated, however, that the dual filter assembly
could be mounted within the nozzle cone (4) with little modi-
fication to the nozzle cone.

The dual filter system (34) will now be described 1n more
detail with reference to FIGS. 1 to 13. The primary filter (38)
of the dual filter system (34) shown 1n FIG. 1 comprises a
molded plastic frame within which 1s supported an accordian-
like section or “concertina” of woven polyester filter material
(50). The molded plastic frame comprises a rim (52) from
which extend two opposing side support frames (54, 56).
Each side support frame (54, 56) comprises an outer frame
(60a, 60b, 60c) within which are formed an array of lower
torked support arms (38a) and an array of upper forked sup-
port arms (58b) which co-operate 1n a zig-zag formation. The
concertina of filter material (50) 1s supported between the
71g-zag formation of opposing support arms (58a, 58b) and by
the end support arms (60a, 60c) of the outer frame. In addi-
tion, triangular shaped sections of woven polyester filter
material (62) are supported between adjacent support arms
(58a), adjacent support arms (58b), adjacent support arms
(60a, 58a) and adjacent support arms (60c, 58a). The trian-
gular sections of filter material (62) provide a side filter sur-
face across the area contained within the outer frame (60a,
60b, 60c) of each support frame (54, 56).

The primary filter (38) 1s manufactured by folding a con-
certina of filter material (50) within and locating triangular
sections of filter material (62) appropriately within a molding
die and then injecting plastic material into the molding die to
form the molded plastic frame comprising rim (52) and
opposing support frames (54,56). The opposing support
frames support the woven filter material (50, 62) securely 1n
position. The folding of the filter material (50) in the concer-
tina arrangement and the additional triangular sections of
filter material (62) provides a primary filter (38) with a rela-
tively large cross-sectional area.

The rim (32) of the primary filter (38) has formed within it
on opposing sides keyvhole shaped apertures (64,66). The
kevhole apertures are used to releasably latch the primary
filter (38) to co-operating pegs (40) provided on the front of
the main housing portion (2) of the vacuum cleaner of FIG. 1.
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As shown 1n FIG. 1, 1n use the primary filter (38) 1s sur-
rounded by a pre-filter (36) shown 1 FIGS. 5 to 9. The
pre-filter (36) comprises a molded plastic open box-shaped
casing having front surface (66) and four side surfaces (68a to
68d), and a nm (70). A resilient seal element (72) extends
around the periphery of the rim (70). The front surface (66)
and the four side surfaces each have formed through them an
array (74) of circular filter holes, for example, the array of
filter holes (74a) formed 1n the front surface (66) as shown 1n
FIG. 7 and the array of filter holes (74b) formed 1n the side
surface (68b) as shown 1n FIG. 9. Fach of the holes 1n the
arrays of holes (74) has a diameter of approximately 1 mm
although the s1ze may vary, i1f required, between 0.75 mm and
1.75 mm. The arrays of holes 1n the pre-filter (36) provide a
first “coarse’ filtering stage in front of the primary filter which
provides a second “fine” filtering stage.

To aid 1n the mjection molding of the pre-filter (36), the
front face (66) of the pre-filter comprises a solid circular
region (76) from which extend radially outwardly six solid
arms (78). The solid circular region (76) and arms (78) assist
in the tlow of molten plastic material during the 1njection
molding process, which tlow would otherwise be impaired by
narrow channels between the holes forming the arrays of
holes (74). The solid circular region (76) also provides a
region of the pre-filter (36) that can prominently display
information such as trademarks.

It has been found 1n practice that the 1 mm diameter size of
the holes 1n the pre-filter (36) 1s generally greater than the
majority of the particles of dust and debris entering the nose
cone (4) 1 use of the vacuum cleaner shown i FIG. 1.
However, the pre-filter (36) still deflects the majority of par-
ticles of dust and debris, 1rrespective of their size, out of the
airtlow drawn through the pre-filter (36) by the fan (20).
These detlected particles of dust and debris are collected 1n
the collecting chamber (46) of the nose cone (4). Up to 90%
of particles of debris and dust normally picked up during
household vacuuming and entrained in the airtlow 1n front of
the pre-filter (36) can be removed from that airtflow by the
pre-filter (36). However, the amount of particulate removed
from the airtlow 1s dependent on the size of that particulate.

The 1 mm diameter circular hole size used in the pre-filter
(36) would be expected not to deflect the generally much
smaller sized particles of dust and debris entrained in an
airtlow through 1t. However, when the particles of dust and
debris entrained within the airflow hit the front surface of the
pre-filter (36), the momentum of the particles 1s reduced or
climinated. The airtlow into the pre-filter (36) 1s often 1nsui-
ficient to then recapture such particles and these particles fall
into the collecting chamber (46). This significantly reduces
the volume of particles of dust and debris which reach the
primary filter (38). Consequently, there 1s a significant reduc-
tion 1n the amount of blocking of the pores of the filter mate-
rial used therein by conglomerations of such particles. Fur-
thermore, as the particles thatreach the primary filter (38) will
have passed through the 1 mm diameter holes 1n the pre-filter
(36), they will be of more uniform diameter than 1f the pre-
filter was not used. It has been found that this increased level
ol uniformity of diameter of particles incident on the filter
material (50, 62) of the primary filter (36) 1s more resistant to
binding and thus tends to reduce further the blocking up of the
pores 1n the primary filter by conglomerations of particles.
This 1s because particles of similar diameter are less likely to
bind together to form a conglomerated mass that could block
the filter material than particles of dissimilar diameters. The
more uniform diameter particles that have passed through the
pre-filter (36) tend not to bind and 1nstead fall away from the
filter material (50, 62) 1into the space between the pre-filter
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(36) and the primary filter (38). This reduction of blocking of
the pores of the primary filter improves the suction of the
vacuum cleaner (1) during use as the airflow to the fan (20) 1s
not impeded by a blocked primary filter (38).

In a similar way to the primary filter (38), the nm (70) of the
pre-filter (36) has formed within i1t on opposing sides keyhole
shaped apertures (80, 82). These apertures (80, 82) are used to
releasably latch the pre-filter (38) to co-operating pegs (40)
provided on the front of the main housing portion (2) of the
vacuum cleaner (1) of FIG. 1. When the primary filter (38) 1s
received within the pre-filter (36), the keyhole shaped aper-
tures (64, 80) and (66, 82) line up so that the dual filter system
(34) comprising the pre-filter (36) and the primary filter (38)
can be releasably latched to the main housing portion (2) as a
single assembly.

To fit the dual filter system (34) to the main housing portion
(2), the widened portions of the keyhole shaped apertures (64,
80) and (66, 82) are fitted over the enlarged head of a corre-
sponding one of the pair of pegs (40). The dual filter system
(34) 1s then rotated slightly to slide the stem of the pegs (40)
into the narrow portion of the respective keyhole shaped
apertures (64, 80) and (66, 82) 1n order to securely latch the
dual filter system (34) to the main housing portion (2) over the
inlet (84) to the fan (20). One of the pegs (40) comprising an
enlarged head (86) and a stem (88) 1s shown clearly 1n dotted
lines 1n FI1G. 10.

FIG. 10 shows in more detail the resilient seal element (72)
which surrounds the rim (70) of the pre-filter (36). The seal
clement (72) 1s made of a resilient material such as rubber,
silicone, neoprene or any other suitable elastomer. The seal
clement (72) 1s intended to form an air tight seal between the
pre-filter (36) and the primary filter (48), between the dual
filter system (34) and the nose cone (4), and between the dual
filter system and the main housing portion (2).

The rim (70) has a stepped portion (90) which extends
around 1ts periphery and the resilient seal element (72) 1s
molded over this stepped portion. The seal element (72) com-
prises a radially outwardly extending portion (92) which, as
seen 1 FIG. 1, engages the mner surface of the wall of the
nose cone (4), when the nose cone 1s fitted to the main housing
portion (2). This forms an airtight seal between the dual filter
system (34) and the nose cone. The seal element also com-
prises a first axially rearwardly extending portion (94) (FIG.
10) which extends around the periphery of the rim (52) of the
primary filter (38) to engage a forward surface of the main
housing portion (2) to form an airtight seal between the dual
filter system (34) and the main housing portion. As a conse-
quence, an airtight seal 1s also formed between the pre-filter
(36) and the primary filter (38). The seal element (72) further
comprises a second axially rearwardly extending portion (96)
against which the rim (32) of the primary filter (38) abuts
when the pre-filter (36) and primary filter (38) are together
fitted onto the main housing portion. This provides further air
tight sealing between the pre-filter (36) and primary filter
(38). This sealing 1s further enhanced by extending the seal
clement (72) at the keyhole shaped apertures (80,82) so that
an extension (98) (See also FIG. 6) of the seal element extends
around each keyhole shaped aperture (80, 82) partly within a
recess (100) formed 1n the lower side of the rim (70) around
the apertures.

Thus, when the dual filter system (34) 1s assembled and
fitted onto the main housing portion (2), the primary filter (38)
1s 1mnserted into the pre-filter (38) such that the concertina of
filter material (50)1s recerved within the box-shaped cavity of
the pre-filter, the keyhole shaped apertures (64, 80) and (66,
82) are aligned, the second axially extending portion (96) of
the seal (72) abuts the rim (52) of the primary filter (38), and
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the first axially extending portion (94) of the seal (72) extends
around the periphery of the rim (52) of the primary filter (38).
The dual filter system (34) 1s then latched onto the pegs (40)
provided on the main housing portion (2). This latching of the
dual filter system (34) to the pegs (40) presses the rims (52,
70) of the filters together and so reinforces the seal between

the pre-filter (36) and primary filter (38) provided by the
portion (96) of the seal element (72). It also presses the rim

(70) of the pre-filter (36) towards the front surface of the main
housing portion (2) and thus reinforces the seal between the
pre-filter and the main housing portion provided by the por-

tion (94) of the seal element (72).

An alternative preferred embodiment of pre-filter (38)
which provides an improved releasable latch connection

between the dual filter system (34) and the main housing unit
(2) of the vacuum cleaner of FI1G. 1 1s shown in FIG. 11. In the

arrangement of FIG. 11, a raised cam surface (102) 1s pro-
vided on the upper surface of the rim (70) o the pre-filter (38)
bordering the narrow portion and part of the widened portion
of each keyhole shaped aperture (80, 82). Each cam surface
(102) comprises a pair of ramps (104) facing towards the
widened end of the aperture 1t borders and an opposing pair of
ramps (106) facing towards the narrow end of the aperture it
borders. Each cam surface (102) co-operates with the under-
side of the enlarged head portion (86) of arespective peg (40).
When the dual filter system (34) 1s fitted over the pair of pegs
(40) provided on the main housing portion (2), the enlarged
head portion (86) passes through the widened portion of the
respective key shaped apertures (64, 80) and (66, 82). Then
the dual filter system (34) 1s rotated by a small amount so that
the neck portion of each peg (40) slides into the narrow
portion of the respective apertures and the enlarged head
portion (86) of each peg latches the dual filter system onto the
main housing portion (2).

With the improved arrangement shown 1n FI1G. 11, rotation
of the dual filter system (34) 1n this way causes the underside
of the enlarged head (86) of each peg to ride up the pair of
ramps (104) on the respective cam surface (102). This urges
the rim (70) of the pre-filter (36) towards the main housing,
portion (2) and thus towards the rim (52) of the primary filter
(38) against the biasing force of the axially extending portions
(94, 96) of the seal element (72). Further rotation of the dual
filter system (34) causes the underside of the enlarged head
(84) of each peg to move down the opposing ramps (106) and
come to rest 1n its final latched position against the flat raised
portion of the cam surface (102) surrounding the narrowed
portion of each aperture (80, 82). This slightly releases the
compression of the axially extending portions (94, 96) of the
seal element (72). However, with the dual filter system (34) 1n
its latched position, the rim (70) of the pre-filter system 1is
urged suificiently towards the main housing portion (2) and
towards the rim (32) of the primary filter (36) for the axially
extending portions (94, 96) to form an air tight seal against the
main housing portion and the rim (52) respectively. This
ensures that 1n use of the vacuum cleaner (1) all airtlow to the
fan (20) passes through the pre-filter (36) and through the
primary filter (38). Furthermore, the two ridges (108) on each
cam surface (102) between the opposing ramps (104, 106)
serve as a retaining means to retain the pegs (40) in therr
latched position against the resilience of the axially extending
portions (94, 96) of the sealing element (72). In this way the
dual filter system (34) can only be unlatched from the pegs
(40) by rotation 1n a direction opposite to that requured to latch
the dual filter system to the pegs, which rotation can only
occur 1f a force 1s applied which 1s sufficient to compress the
axially extending portions (94, 96) so that the underside of the
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enlarged heads (86) of the pegs (40) can ride over the ridges
(108) 1n the cam surfaces (102).

Alternatively, or 1n conjunction with the use of the cam
surfaces (102), mternal ribs may be provided around the
interior surface of the collecting chamber (46). As the collect-
ing chamber (46) 1s moved 1nto engagement with the main
housing portion (2), these ribs engage with the rim (70) of the
pre-filter system and operate to compress the axially extend-
ing portions (94, 96) of the sealed element (72) into respective
engagement with the main housing portion (2) and primary
filter (36) accordingly. The use of ribs 1n this manner will
provide a uniformly distributed compression force about the
entire periphery of the seal of the pre-filter.

FIG. 13 shows a cross-section of the seal element (72)
shown 1n FIG. 10, with like parts identified by like numerals.
FIG. 13 also shows a modified portion of the outer wall of the
nose cone (4) adjacent the seal element (72) from that shown
in FIG. 1. In the FIG. 13 embodiment, an internal raised wall
(110) extends around the portion of the internal surface of the
nose cone (4) which surrounds the seal element (72). This
creates an 1mproved air tight seal between the dual filter
system (34) and the inner surface of the nose cone (4). The
radially extending portion (92) of the resilient seal element
(72) abuts the rear surface of the wall (110). In use of the
vacuum cleaner the underpressure created 1n the forward part
(112) of the nose cone (4) relative to the ambient air pressure
in the region (114) 1n front of the main housing portion (2)
reinforces a sealing engagement between the portion (92) of
the sealing element (72) and the wall (110). The pressure
differential urges the front surface of the resilient, radially
extending portion (92) of the seal element (72) into sealing
engagement with the rear surface of the wall (110). Again,
this ensures that all the airflow through the nose cone (4)
passes through the dual filter arrangement (34) into the fan
(20).

FIG. 12 shows an alternative preferred embodiment to that
shown 1n FIG. 13, with like parts identified by like numerals.
In this embodiment the wall (110) 1s not required on the
internal surface of the nose cone (4), and the radially extend-
ing portion (92) of the seal element (72) 1s bent rearwardly to
form [and] a third axially rearwardly extending portion (116).
In FIG. 12, the radially extending portion (92) 1s bent rear-
wardly through approximately 90°. Thus, as shown 1n solid
lines 1n FIG. 12, when the nose cone (4) 1s fitted on the main
housing portion (2) with the vacuum cleaner switched off,
there 1s no sealing engagement between the seal element (72)
and the nose cone (4). However, when the vacuum cleaner 1s
switched on, the pressure differential between the underpres-
sure created 1n the region (112) of the nose cone (4) and the
ambient pressure 1n the region (114) causes the third resilient
axially extending portion (116) to move outwardly 1nto the
position showed in FIG. 12 1n dotted lines. In this position, the
third resilient, axially extending portion (116) 1s urged into
sealing engagement with the internal surface of the wall of the
nose cone (4). Thus, when the vacuum 1s 1n use a seal 1s
provided between the dual filter system (34) and the nose
cone (4) to ensure that all the airflow through the nose cone
passes through the dual filter system (34). However, when the
vacuum cleaner (1) 1s not in use, the lack of engagement
between the seal element (72) and the nose cone (4) can help
to prevent wear of the portion (116) of the seal element due to
the repeated removal and replacement of the nose cone (4)
during the lifetime of the vacuum cleaner.

Those skilled 1n the art can now appreciate from the fore-
going description that the broad teachings of the present
invention can be implemented 1n a variety of forms. There-
fore, while this invention has been described in connection




US RE43,603 E

13

with particular examples thereot, the true scope of the inven-
tion should not be so limited since other modifications will
become apparent to the skilled practitioner upon a study of the
drawings, specification and following claims.

What 1s claimed 1s:

[1. A hand held vacuum cleaner for filtering particles of
dust and debris from an airtlow passing through the vacuum
cleaner, comprising;

a coarse pre-filter;

a fine primary filter which i1s located downstream of the

pre-filter in the direction of tlow of the airtlow; and
wherein the pre-filter has a recess for receipt of the primary
filter.]

[2. The vacuum cleaner of claim 1, wherein the diameter of
the pores of the pre-filter 1s set at a substantially uniform
value.]

[3. The vacuum cleaner of claim 2, wherein the diameter of
the pores of the pre-filter 1s set at one substantially uniform
value within the range approximately 0.75 mm to 1.75 mm.]

[4. The vacuum cleaner of claim 3, wherein the diameter of
the pores of the pre-filter each comprise a substantially uni-
form value of approximately 1 mm.}

[S. The vacuum cleaner of claim 1, wherein the primary
filter comprises a concertina shaped arrangement of a filter
material.]

[6. The vacuum cleaner of claim 5, wherein the primary
filter comprises a frame and the concertina shaped arrange-
ment of a fine filter matenial and the concertina shape of the
filter material is supported in and maintained by the frame.}

[7. The vacuum cleaner of claim 6, wherein the frame
includes two opposing arrays of arms and the concertina
shaped arrangement of the filter material 1s supported
between opposing pairs of said arms.]

[8. The vacuum cleaner of claim 7, wherein the frame of the
primary filter comprises a molded plastics material.]

[9. The vacuum cleaner of claim 1, wherein the pre-filter is
made from a molded plastic material.]

[10. The vacuum cleaner of claim 1, wherein the pre-filter
has a peripheral rim via which 1s fitted to the primary filter and
to a housing part of a vacuum cleaner, wherein a peripheral
seal element made of a resilient material surrounds said rim.}

[11. A hand held vacuum cleaner system comprising:

a housing;

an electric motor disposed within said housing;

a fan driven by said electric motor for generating a suction

airflow of air-entrained dirt and debris;

a dual filter system 1ncluding:

a pre-lilter for filtering coarse particles of dirt and debris
from the dirt and debris entrained air:

a primary filter for filtering fine particles of dirt and
debris from the entrained air;

said pre-filter forming an open ended box shape and said
primary filter being adapted to rest nestably within
said pre-filter;

said primary filter further comprising a concertina
shaped filtering material; and

said housing and at least one of said pre-filter and primary

filter including cooperating latching structure for
mechanically interengaging to releasably secure said
pre-filter and said primary filter to said housing.]

[12. The vacuum cleaner of claim 11, wherein said pre-
filter turther comprises a resilient seal secured to a peripheral
flange of said pre-filter.]

[13. The vacuum cleaner of claim 12, wherein said resilient
seal operates to form a relatively airtight seal between said
pre-filter and said housing when said dual filter system 1s
secured to said housing.]
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[14. The vacuum cleaner of claim 11, wherein said primary
filter includes a frame having said concertina shaped filtering
material integrally formed therewith such that said concertina
shaped filtering material 1s supported by said frame and 1s not
removable from said frame.]

[15. A hand held vacuum cleaner for filtering particles of
dust and debris from an airtlow passing through the vacuum
cleaner, comprising;

a primary filter;

a pre-filter nestably housed adjacent to the primary filter;

and

wherein, the primary filter 1s located downstream of the
pre-filter in the direction of flow of the airflow.]

[16. A hand held vacuum cleaner for filtering particles of
dust and debris from an airtlow passing through the vacuum
cleaner, comprising;

a cup-shaped pre-filter; and

a concertina-shaped primary filter disposed adjacent to the
pre-filter.]

17. A hand held vacuum cleaner having a vacuum source
and a dual filter system for filtering particles of dust and
debris from an airflow dvawn through the vacuum cleaner by
the vacuum souvce, COmprising.

a coarse pre-filter forming an open ended shape defining
side surfaces and an end surface and having pores
Jormed on all of said side and end surfaces;

a fine primary filter which is located downstream of the
pre-filter in the divection of flow of the airflow; and

wherein the primary filter is configured to be nestably
received within the open end of the pre-filter so that the
primary filter filters airflow drawn through all of the side
and end surfaces of the pre-filter.

18. The vacuum cleaner of claim 17, wherein the diameter
of the pores of the pre-filter is set at a substantially uniform
value.

19. The vacuum cleaner of claim 18, wherein the diameter
of the pores of the pre-filter is set at one substantially uniform
value within the range approximately 0.75 mm to 1.75 mm.

20. The vacuum cleaner of claim 19, wherein the diameter
of the pores of the pre-filter each comprise a substantially
uniform value of approximately 1 mm.

21. The vacuum cleaner of claim 17, wherein the primary

filter comprises a concertina shaped arrangement of a filter

material.
22. The vacuum cleaner of claim 21, wherein the primary

filter comprises a frame and the concertina shaped arrange-

ment of a fine filter material and the concertina shape of the

filter material is supported in and maintained by the frame.

23. The vacuum cleaner of claim 22, wherein the frame
includes two opposing arrvays of arms and the concertina
shaped arrangement of the filter material is supported
between opposing pairs of said arms.

24. The vacuum cleaner of claim 23, whevrein the frame of
the primary filter comprises a molded plastic material.

25. The vacuum cleaner of claim 17, wherein the pre-filter
is made from a molded plastic material.

26. The vacuum cleaner of claim 17, wherein the pre-filter
has a peripheral vim which is fitted to the primary filter and to
a housing part of a vacuum cleaner, whevein a pervipheral seal
element made of a resilient material surrounds said rim.

27. A hand held vacuum cleaner system comprising:

a housing;

an electric motor disposed within said housing;

a fan driven by said electvic motor for generating a suction

airflow of airv-entrained dirt and debris;

a dual filter system including:



US RE43,603 E

15

a pre-filter for filtering coarse particles of dirt and
debris from the dirt and debris entrained air,
a primary filter for filtering fine particles of dirt and
debris from the entrained air;
said pre-filter forming an open ended shape defining
side surfaces and an end surface and having pores
Jormed on all of said side and end surfaces and said
primary filter being adapted to rest nestably within
said pre-filter for filtering airflow drawn through all
of the side and end surfaces of the pre-filter;
said primary filter further comprising a concertina
shaped filtering material; and
said housing and at least one of said pre-filter and primary
filter including a cooperating latching structure for

16

tina shaped filtering material is supported by said frame and
is not removable from said frame.

31. A hand held vacuum cleaner for filtering particles of
dust and debris from an airflow passing through the vacuum

5 cleaner, comprising:

a pre-filter having side surfaces and a bottom surface and
having pores formed in all surfaces thereof; and

a second filter nestably disposed adjacent to the pre-filter
and downstream of the pre-filter in the divection of air-
flow so that the second filter filters airflow drawn
through all surfaces of the pre-filter;

wherein all of said airflow is filteved by said pre-filter.

32. The vacuum cleaner of claim 26 whevein the peripheral

vim Is provided with aperturves for engaging pegs on the

mechanically interengaging to releasably secure said 15 housing part of the vacuum cleaner to secure the pre-filter

pre-filter and said primary filter to said housing.

28. The vacuum cleaner of claim 27, wherein said pre-filter
further comprises a resilient seal secured to a peripheral
flange of said pre-filter.

29. The vacuum cleaner of claim 28, wherein said resilient
seal operates to form a relatively airtight seal between said
pre-filter and said housing when said dual filter system is
secured to said housing.

30. The vacuum cleaner of claim 27, wherein said primary
filter includes a frame having said concertina shaped filtering
material integrally formed therewith such that said concer-

and the primary filter thereto.

33. The vacuum cleaner of claim 28 wherein the peripheral
flange of said pre-filter is provided with apertures for engag-
ing pegs on said housing for veleasably securing said pre-

20 filter and said primary filter to the housing.

34. The vacuum cleaner of claim 17 whervein all of said
airflow is filteved by said pre-filter.

35. The vacuum cleaner of claim 27 whevein all of said
airflow is filteved by said pre-filter.
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