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FILTER ELEMENT WITH FLAT SHAPE ADAPTED TO BE LOCKED IN CURVED
SHAPE

TECHNICAL FIELD

The present disclosure relates to a filter element for being removably arranged in a filter
housing and comprising a filter material body. The present disclosure also relates to a
filter system comprising such a filter element. An internal combustion engine system
and a vehicle comprising such a filter system is also disclosed. The disclosure further
comprises a method for exchange of a filter element in a filter system comprising the
steps of removing a used filter insert from a filter housing and inserting a new filter ele-
ment into the filter housing. More specifically, the filter element is adapted for cleaning a
fluid for the internal combustion engine, wherein the fluid may be a gas such as air or a
liquid such as a lubricating oil or fuel. Such filter arrangements may be provided onboard
vehicles and in other applications containing transport systems to remove unwanted sol-
ids or other contaminants from the fluid. The filter element may alternatively be called filter
cartridge, filter module or filter insert.

BACKGROUND

Filters are used in many places in a vehicle. It is i.a. well known to provide an internal
combustion engine with a filter for cleaning a fluid, such as an air filter for cleaning intake
air. Other filter types include for example oil filters for filtering an engine oil and fuel filters
for cleaning a fuel to be provided to the engine. Such filters in a vehicle are replaced on a
regular basis to keep the performance of the filter itself and of the devices receiving the
filtered fluid at a desired level. The same is true for the filter types mentioned here, but
naturally also for filters used in other applications than vehicles. The filter may be de-
signed in many different shapes and configurations.

In the truck automotive industry, a common solution for air filters is to use a cylin-
drical housing with a cylindrical air filter. The filter is generally replaced through axial dis-
placement in the housing. The filter often comprises an inner cavity also of cylindrical
shape into which the filtered air is penetrating through the filter material. A disadvantage
with such filters is that they are voluminous during transportation and storage when not in
use in the vehicle. They however provide a relatively seen large filtering surface area,
through which the flowing air may be filtered.

These types of cylindrical filters are very common and therefore e.g. replacement

filters for maintenance purposes need to conform to the common design.
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SUMMARY

It is hence an object of the present disclosure to at least to some extent alleviate
the shortcomings discussed above in relation to known filters, and to preferably improve
a filter, especially for transport efficiency and handling ease, or at least to provide a use-
ful alternative.

According to a first aspect of the present disclosure, the object is achieved by a
filter element according to claim 1. A filter element is disclosed for being removably ar-
ranged in a filter housing, the filter element comprising a filter material body and the filter
element is adapted to assume a first state, in which it has a substantially flat shape, and
a second state, in which it has such a curved shape, that opposite outer peripheral sides
of the filter element are directed towards each other and in which it is adapted for a filter-
ing operation. The filter element is further adapted to be locked in the second state when
arranged in the filter housing.

A filter element of this kind proves advantageous in that it may replace already
existing filter elements, which for example may have a cylindrical design. The filter ele-
ment according to this disclosure hence combines the design of existing filter elements
with the positive effects of the present disclosure. By having a filter element of this kind
several advantageous effects are achieved. One effect of having a filter element which is
flat in a first state and curved in a second state is that the transport and storage costs
will be much reduced due to the fact that the filter element may be adapted for transport
and storage in the first substantially flat shape, which in turn results in a transport and
storage efficient filter element. For example, a plurality of flat filter elements may be
stacked on top of each other in a space-efficient manner. Furthermore, the filter element
provides an easy manufacturing process which provides for low manufacturing costs.
This is achieved through a simple construction of the filter element, since it remains flat
during generally the whole manufacturing process. A filter element of this kind is also, as
already mentioned, possible to use in many currently available filtering systems such
that the advantageous effects of the new design are utilisable in combination with exist-
ing filter housings. The filter element hence becomes available for a wide range of exist-
ing applications and not only for new future designs.

According to an embodiment the filter element comprises a locking means for
locking the filter element in the second state. This enables the filter element to maintain
the curved shape in the second state and to stay in this position, when transferred from
the first, flat state to the second, curved state.
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According to an embodiment the locking means of the filter element is located on
at least one outer peripheral side of the filter element. This provides for a simple locking
engagement, since the locking means is easily reachable, and hence also easy to lock
in the second state.

According to an embodiment the locking means has an extension along a sub-
stantial part of the at least one outer peripheral side of the filter element. This provides
for a firm locking along the substantial part of the at least one outer peripheral side.

According to an embodiment the said locking means is located on at least one of
said outer peripheral sides which are directed towards each other in the second state.
According to an embodiment said locking means is located on both of said outer periph-
eral sides which are directed towards each other in the second state. This way the one
of the outer peripheral side may be locked via said locking means generally directly on-
to, or in the vicinity of, the other one of said outer peripheral sides such that the filter el-
ement may form a generally tubular shape.

According to an alternative or a complement to the last-mentioned embodiment,
said locking means is provided on the opposite peripheral sides having a curved shape.
The filter element may then be locked in the second, curved shape by engaging a corre-
spondingly shaped structure provided on an inner side wall of the filter housing and/or
on an inner wall of a filter housing lid.

According to an embodiment the locking means is located continuously along at
least a part of the at least one outer peripheral side, preferably continuously along gen-
erally a complete extension of the at least one outer peripheral side. In addition to firm
locking, it enables a sealing engagement of the filter element along at least the part of
the at least one outer peripheral side, if so wished for. Sealing may for some applica-
tions be desirable in order to force the fluid to be filtered to flow the proper way through
the filter and not sneak alongside without proper filtration. This enablement has been
unexpected and proven very useful, since proper sealing may be difficult to achieve.

According to an embodiment the locking means is formed by a one-piece body.
This provides for easy manufacturing and low manufacturing costs.

According to an embodiment the locking means is wedge-shaped. This provides
for locking the filter element in both a radial and a tangential direction when curved in the
second state. It is also a simple manner to provide for a locking operation.

According to an embodiment the locking means in cross-section has an adjacent
section and a distant section as seen in relation to said filter material body, wherein said
adjacent section is shorter than said distant section as seen in a transversal direction to
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a plane of said filter element. This provides for locking the filter element when arranged
in the second state. According to an embodiment said adjacent section and said dis-
tended section are joined through a locking surface adapted for engaging a complimen-
tary shaped surface for achieving a locking function. According to an embodiment the,
wherein said locking surface has a slanting portion as seen in relation to said plane of
said filter element.

According to an embodiment said locking means has a cross-section, which is
constant along an extension direction of said at least one outer peripheral side. Such a
cross-section enables the locking means to be translated axially in relation to a compli-
mentary shaped anchoring device for maintaining the second state. Such a relative axial
translation is an easy means for simultaneously achieving locking operation, a possible
sealing operation and assembly and removal from a filter housing or such.

According to an embodiment said locking means is made of a compressible ma-
terial. The material may provide a sealing effect along the outer peripheries of the filter
element when arranged in e.g. a filter housing. The material is also slightly adjustable to
a shape of a complimentary shaped anchoring device for maintaining the second state.
A slight compressive force on the compressible material of the locking means may ena-
ble a stronger locking operation and better sealing operation if needed. According to an
embodiment said compressible material is made of rubber, foam rubber or of polyure-
thane.

According to an embodiment said filter element comprises a sealing means
adapted for sealing against a complimentary surface. According to an embodiment said
sealing means extends along said at least one outer peripheral side of said filter ele-
ment. According to an embodiment said sealing means extends along a complete pe-
riphery of the filter element.

According to an embodiment said locking means and said sealing means are
formed by the same member. When incorporating both a locking operation and a sealing
operation into the same member it provides for a filter element with a cost effective de-
sign. As has already been indicated above this combined effect of locking and sealing
was not expected, but has proven very useful.

According to an embodiment at least one of said outer peripheral sides which are
directed towards each other in the second state is straight in the second state. This is
achieved through the bending of the filter element into the second state B around an ax-
is which is parallel to the axial direction of the final shape of the filter element 5 in the
second state B. The outer peripheral side in question remains flat since it also is parallel
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to said axis. This simplifies the design and manufacture of i.a. the locking means, since
they remain flat also in the second state. When remaining flat or straight, in contrast to
being curved in the second state, both the locking operation and any sealing operation is
made simple and the design and material may be accordingly chosen. According to an
embodiment both of said outer peripheral sides which are directed towards each other in
the second state are straight in the second state.

According to an embodiment said filter material body is made of a material cho-
sen from the group of: paper and cellulose. These materials are common materials and
enables low manufacturing costs.

According to an embodiment said filter element has a generally rectangular
shape in said first state. According to an embodiment said filter element in said second
state has a generally tubular shape. The generally tubular shape may preferably be cho-
sen from the group of circular, elliptic and oval, which all are common shapes for exist-
ing filter element. Hence the present filter element may be used in combination with ex-
isting filter systems.

According to an embodiment said generally tubular shape is substantially contin-
uous in a circumferential direction. It therefore becomes easy to arrange inside a filter
housing.

According to an embodiment said filter element in said second state has the
shape of an arc of between 300 and 360 degrees. The more of a complete circle the fil-
ter element is covering in the second state, the larger the surface towards the fluid to be
filtered becomes.

According to an embodiment the filter element in said second state has such a
curved shape so that there is a distance in the circumferential direction between said
opposite outer peripheral sides of said filter element, which are directed towards each
other. This distance may be adapted such that an anchoring device may be arranged
there between in order to maintain the filter element in the second state.

According to an embodiment the filter element comprises an inner portion for
maintaining said curved shape when locked in said second state. This prevents the filter
element to lose the shape in the second state, when fluid flows there through, it thus
supports the shape of the filter element.

According to an embodiment the inner portion is tubular. The shape corresponds
to the tubular shape of the filter element.

According to an embodiment the inner portion is fluid permeable in order to ena-
ble fluid to flow there through.
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According to an embodiment the filter element is adapted for transportation in
said a first state, in which it has a substantially flat shape, and for being curved to said
second state in association with a filter element exchange operation. This provides for a
costs effective transportation and low storage costs.

According to an embodiment the filter element is an air filter element. According to an
embodiment the filter element is adapted for cleaning intake air of an internal combus-
tion engine.

According to an embodiment the filter element is adapted to be closely aligned
with a curved inner surface of the filter housing. This provides for a proper utilisation of
filtering ability for the filter element, since the fluid to be filtered is thereby spread gener-
ally equally over the filter element.

According to a second aspect of the disclosure a filter system is disclosed, com-
prising a filter element and an anchoring device adapted to be arranged between the
opposite outer peripheral sides of the filter element when it is curved to the second state.
This enables the locking means to lock to the anchoring device, and consequently to
keep the filter element in a curved shape, in the second state. Further advantages are
already disclosed in connection with the filter element above.

According to an embodiment the anchoring device has a locking means which is
adapted to engage with the locking means of the filter element for locking the filter ele-
ment in the second state. This provides for a secure arrangement of the filter element in
the second state and for a secure locking mechanism.

According to an embodiment the locking means of the anchoring device and the
filter element are formed with a complimentary shaped male-female configuration. This
makes them easy to assemble.

According to an embodiment the locking means of the anchoring device is
adapted to receive the locking means of said filter element through an axial relative dis-
placement for locking the filter element in the second state. This enables an easy ar-
rangement of the filter element to the anchoring device, and makes it easy to replace a
used filter element with a new one.

According to an embodiment the locking means of the anchoring device in
cross-section comprises a distant section and an adjacent section as seen in relation to
a centre axis of the anchoring device, wherein, in a locked state, the distant section of
said locking means of the anchoring device faces the adjacent section of said locking
means. This enables a corresponding engagement between the anchoring device and
the filter element. The centre axis of the anchoring device may be perpendicular to a
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longitudinal extension direction of the anchoring device and directed radially with regard
to the tubular filter element. Further, the anchoring device may have a symmetrical cross
sectional shape, wherein the centre axis may form a plane of symmetry.

According to an embodiment the distant section of the locking means of the an-
choring device is shorter than said adjacent section of the locking means of the anchor-
ing device, which enables a secure locking operation in at least the direction away from
the anchoring device. According to one example, the distant section of the locking
means of the anchoring device is shorter than said adjacent section of the locking
means of the anchoring device in the direction of the centre axis of the anchoring device.

According to an embodiment the adjacent section and the distant section are
joined through a locking surface. According to an embodiment the locking surface has a
slanting portion. According to an embodiment the locking means of said anchoring de-
vice in cross-section is wedge shaped. These embodiments correspond to complimen-
tary shaped features on the filter element and hence a proper cooperation there be-
tween is achieved.

According to an embodiment the anchoring device is axially symmetrical, which
enables easy manufacturing thereof.

According to an embodiment the anchoring device extends along the locking
means in the second state. This enables a locking engagement and a possible sealing
operation along the filter element. According to an embodiment the locking means of the
anchoring device is located continuously along at least a part of the locking means of the
filter element, preferably continuously along generally a complete extension of the at
least one outer peripheral side of the locking means.

According to an embodiment the locking means of said anchoring device has a
cross-section, which is constant along its extension direction, in order to correspond to
the locking means of the filter element.

According to an embodiment the filter system has a filter housing with a com-
partment adapted to receive said filter element.

According to an embodiment the anchoring device is fixedly arranged to said fil-
ter housing or in a one-piece unit with the filter housing, so that the anchoring device
protrudes inwardly in said compartment. In this way it will become easy to arrange the
filter element in the filter housing.

According to an embodiment the air filter housing comprises an inner portion lo-
cated generally coaxially with a housing wall and within the filter housing compartment,
and extending generally along the anchoring mechanism for maintaining the curved
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shape of the filter element when locked in the second state. As mentioned before it ena-
bles the filter element to keep a predetermined shape within the filter housing in use of
the filter system.

According to an embodiment the inner portion is fluid permeable.

According to an embodiment the inner portion is tubular.

According to an embodiment the inner portion is detachably arranged to the filter
housing, preferably detachably arranged to the anchoring device. This enables easy ar-
rangement of the filter element in combination with the inner portion inside the filter
housing.

According to an embodiment the inner portion is fixedly arranged to the filter
housing, preferably fixedly arranged to the anchoring device. Thereby the inner portion
is not lost during i.a. a filter element replacement operation.

According to an embodiment the filter housing has a tubular shape which is pref-
erable in order to correspond to the filter element in the second state such that a fluid to
be filtered is generally evenly spread between the filter housing and the filter element to
fully utilize the filtering operation of the filter element.

According to an embodiment the filter housing has a filter element access open-
ing in an axial direction of the tubular shape.

According to an embodiment in connected state of the filter system the filter ele-
ment and the anchoring device together form a generally closed cross-section, whereby
they together may be used to replace an existing tubular filter element.

According to an embodiment the filter system is an air filter system. According to
an embodiment the filter system is adapted for cleaning intake air of an internal combus-
tion engine.

According to a third aspect a filter element is disclosed for being removably ar-
ranged in a filter housing, said filter element comprising a filter material body, wherein
said filter element has a generally tubular shape and that the filter element is discontinu-
ous in a circumferential direction of the filter element so that there is a distance in the
circumferential direction of the filter element between opposite outer peripheral sides of
said filter element, which are directed towards each other. This way the filter element is
arranged to perform a filtering operation when it is located within the filter housing.

According to an embodiment said filter element comprises a sealing means
adapted for sealing against a complimentary surface.

According to an embodiment said sealing means extends along said at least one

outer peripheral side of said filter element.
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According to an embodiment said sealing means is positioned on opposite outer
peripheral sides of said filter element, which are directed towards each other and wherein
said sealing means is wedge-shaped for achieving a locking function relative to said
complimentary surface.

According to an embodiment said sealing means is made of a compressible ma-
terial.

According to an embodiment said compressible material is made of a material
chosen from the group of: rubber, foam rubber and polyurethane.

According to an embodiment said filter element has the shape of an arc of be-
tween 300 and 360 degrees.

According to an embodiment said filter material body is made of a material cho-
sen from the group of: paper and cellulose.

According to a fourth aspect a filter system is disclosed which comprises a filter
element, wherein the filter system comprises an anchoring device adapted to be posi-
tioned in the space between said opposite outer peripheral sides of said filter element,
which are directed towards each other, and sealingly engaged to said opposite outer pe-
ripheral sides. Thereby a generally fully closed cross-section is achieved such that a
known filter element may be replaced by a filter system according to this embodiment.
The anchoring device is adapted to keep the filter element in the tubular shape and to
thereby maintain a proper distance to the filter housing when installed therein.

According to a fifth aspect an internal combustion engine is disclosed which
comprises a filter system of the kind discussed above.

According to a sixth aspect a vehicle is disclosed which comprises an internal
combustion engine of the kind discussed above.

According to a seventh aspect method is disclosed for exchange of a filter ele-
ment in a filter system comprising the steps of removing a used filter insert from a filter
housing, inserting a new filter element into the filter housing, which new filter element is
discontinuous in a circumferential direction of the filter element, and engaging an an-
choring device in a space between opposite outer peripheral sides of said filter element.

According to an embodiment the step of bending the new filter element from a
first state, in which it has a substantially flat shape, to a second state, in which it has
such a curved shape that said opposite outer peripheral sides of said filter element are
directed towards each other, and locking said filter element in said second
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Further advantages and features of the present disclosure are disclosed and dis-
cussed in the following description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a detailed description of
embodiments cited merely as non-limiting examples of the present disclosure.

In the drawings:

Fig. 1 is a view from behind of a vehicle carrying a filter housing and a filter ele-
ment according to this disclosure,

Fig. 2a is a perspective view of a filter element according to a first embodiment of
this disclosure in a first state,

Fig. 2b is a perspective view of the filter element in Fig. 2a in a second state,

Fig. 3 is a section along an axial direction and showing a filter housing and a filter
element according the first embodiment of this disclosure,

Fig. 4 is a perspective view of the filter housing and filter element of Fig. 3 during
assembly,

Fig. 5 is a cut partial perspective view showing a detail of the first embodiment of
the filter element in the first state,

Fig. 6a is a cut perspective view of the first embodiment of the filter element and
an inner section,

Fig. 6b is a perspective view of the inner section shown in Fig. 6a,

Fig. 7a is a partial cross-section of a locking means assembled with an anchoring
device according to the first embodiment,

Fig. 7b is a perspective view of a filter element assembled with the anchoring de-
vice shown in Fig. 7a,

Figs. 8a to 8c are cross-sections of different embodiments of anchoring devices,

Fig. 9 is a partial cross-section of the locking means assembled with a second
embodiment of the anchoring device having integrally formed the inner section,

Fig. 10 is an exploded view showing a filter housing, a filter element, an inner sec-
tion and a housing lid according to a third embodiment, and

Fig. 11 is a perspective view of a second embodiment of the filter element.

DESCRIPTION OF EMBODIMENTS
With reference to Fig. 1 a heavy duty truck 1 is disclosed for which an internal
combustion engine system 2 of a kind disclosed in the present disclosure is advanta-
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geous. However, the internal combustion engine system 2 may well be implemented also
in other types of vehicles, such as in busses, in light-weight trucks, passenger cars, ma-
rine applications etc. The internal combustion engine system 2 may be e.g. a diesel en-
gine, which as such may be running on several different types of fuel, such as diesel or
dimethyl ether, DME. Other fuel types are well suited, as well as hybrid systems. The in-
ternal combustion engine system 2 is provided with an air filter element 5, an anchoring
device 11 and an air filter housing 20 as disclosed herein.

The air filter element 5 of the kind disclosed herein is located downstream an air
intake 26 which draws air from the ambient. The ambient air is most often in need of filtra-
tion before being directed towards an inlet of the internal combustion engine system 2.
Downstream the air intake 26 an air pipe 27 directs the air to an inlet 24 of the air filter
housing 20. Within the air filter housing 20 the air filter element 5 is located through which
the air is filtered and further directed through an air outlet 23 and towards the internal
combustion engine system 2. The air filter housing 20 is located in a lower region of the
vehicle 1 and the air intake 27 in a higher region of the vehicle 1. In the depicted embodi-
ment the air filter housing 20 is located directly behind a vehicle cab, whereas the air in-
take 26 is located on top of the vehicle cab at a rear end thereof. The air pipe 27 is locat-
ed at the rear end in a generally vertical position of the vehicle cab. The air filter housing
20 is located having its axial direction transversal to the driving direction of the vehicle 1.
The locations of the parts detailed above may well be otherwise.

Initially a description of a first embodiment of the present disclosure will be pro-
vided based on Fig. 2a and 2b. Reference numeral 5 refers to the whole design as
shown in Fig. 2a and is named filter element. The filter element 5 is adapted to be re-
movably arranged in the filter housing 20 and comprises a filter material body 10 made
of any material that is suited for the filtering operation of the fluid to be filtered. The filter
element has in the disclosed embodiment an even maximum thickness and a rectangu-
lar shape having two oppositely located, long outer peripheral sides 14 and 15, and two
oppositely located, short outer peripheral sides 12 and 13. Along the sides 12, 13, 14,15
a rim of generally the same thickness as the filter material body 10 is located in order to
keep the filter material body 10 into place. The thickness of the filter element 5 is small
in relation to the lengths of the outer peripheral sides 12, 13, 14 and 15. The words
‘long’, ‘short’ and ‘small’ should in this context be read as related to each other, i.e. their
size interrelationship, not related to any other features. The filter element 5 has a corru-
gated or pleated surface and the filter material body 10 is made of paper.
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Along the two oppositely located, short outer peripheral sides 12 and 13 a
wedge-shaped locking and sealing means 11 is located continuously all along said sides
12, 13. This locking and sealing means 11 is disclosed in more detail in relation to fig. 5.
Along the two oppositely located, long outer peripheral sides 14 and 15 a tongue-shaped
sealing means 30 is located continuously all along said sides 14, 15. The tongue -
shaped sealing means 30 is adapted to seal against the filter housing 20 when installed
therein. The sealing operation of the sealing means 30 is seen in more detail in fig. 3.
The tongue of the tongue -shaped sealing means 30 is protruding away from the side
14, 15, such that it may seal against a complimentary surface in the filter housing 20.
The protruding tongue is located on the side of the filter element 5 which in use is locat-
ed inwardly. Both the locking and sealing means 11 and the sealing means 30, as well
as the rim along the sides 12, 13, 14, 15 which holds the filter material body 10 into
place, are made of a flexible material which adapts to the surfaces onto which they abut
or even are compressed against. The flexibility of the material is such that it is resilient
enough to regain its shape after leaving the abutted or compressed state generally with-
out remaining plastic deformation, but also elastic enough to adapt and comply with the
complimentary surfaces.

The filter element 5 is adapted to assume a first state A, in which it has a sub-
stantially flat shape which is shown in solid lines in Fig. 2a. The filter element 5 is also
adapted to assume a second state B, in which it has such a curved shape, that opposite
outer peripheral sides 12, 13 of the filter element 5 are directed towards each other, and
which is disclosed in Fig. 2b. The filter element 5 is adapted for e.g. manufacturing and
transport in the first sate A, and for a filtering operation of the fluid to be filtered in the
second state B. The filter element 5 is further adapted to be positioned in the second
state B when it is arranged in the filter housing 20. The filter housing 20 will be described
in more detail in connection with Fig. 3. The dashed lines in Fig. 2a are showing the
second state B for the filter element 5, such that both states are indicated in the same
figure.

When the filter element 5 is in its first state A, it is substantially, or fully flat. In or-
der to achieve or assume the second, and curved, state B, the two opposing peripheral
sides 12 and 13, which are to be located such that they are directed towards each other,
are for example gripped by the hand of an operator and lead into the position of the sec-
ond state B. This is indicated by an arrow in Fig. 2a. In the second state B, the two outer
peripheral sides 12, 13 that are directed towards each other have a distance between
them. The distance may be of a magnitude representing a circular segment of generally



10

15

20

25

30

35

WO 2017/102008 PCT/EP2015/080287

13

0 to 60 degrees, meaning that the filter element 5 covers, or is bent into, an arc of gen-
erally 300 to 360 degrees. The material of the filter material body 10 and the build-up
and design of the filter element 5 should thus be able to manage being bent to such an
extent. The combination of filter element thickness and material properties may be fac-
tors affecting this bendability, but others may apply.

A filter element 5 of the kind disclosed is generally simple to manufacture, easy
to store and transport, and may only on-site in connection with its final use environment,
be made to assume the second, filtering, state B. Transportation costs in terms of re-
duced volume needs are hence achieved. The functionality of the filter element 5, when
in use in e.g. a filter housing 20 of the internal combustion engine system 2, is however
maintained. The second state B corresponds to the common shape of an air filter ele-
ment 5 which is used in a vehicle 1, such that the filter element 5 according to the pre-
sent disclosure may be used as replacement part for known types of filter inserts and
hence gain the advantages here from.

It should be noted that the filter element 5 in this embodiment may be provided
with an uneven thickness, such that different parts of i.a. the filter material body 10 may
have a smoothly or step-wise altering thickness over the extent of the filter element 5.
The filter element 5 may also have other than a corrugated or pleated surface, as they
are depicted in Fig. 2a and 2b, such as a flat surface, or a surface having peaks and val-
leys. The filter element 5 may further have a cross-section of either continuous or dis-
continuous material types. The location, shape and material of the locking and sealing
means 11 and the sealing means 30 may also be of different kind, as disclosed below.

In the depicted embodiment it is the outer peripheral sides denominated 12 and
13 that are shorter than the outer peripheral sides 14 and 15, but this length relationship
may naturally be the opposite one. The filter element 5 may also have another shape
than rectangular, such as rhomboid, or have outer peripheral sides that are not straight,
but curved or made up by a discontinuous line comprising several straight parts in an
angle to each other.

The filter element 5 is discontinuous in the second state B in a circumferential di-
rection of the filter element 5, so that there is a distance in the circumferential direction
of the filter element 5 between opposite outer peripheral sides 12, 13 of the filter element
5, which are directed towards each other.

Figs. 3 and 4 disclose the same embodiment as is disclosed in Figs. 1, 2a and
2b. Figs. 3 and 4 disclose the filter element 5 when it is removably arranged in a filter
housing 20. The filter element 5 together with the filter housing 20 represents a filter sys-
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tem 7 according to this disclosure. The filter housing 20 has a housing lid 21 in one of its
axial ends for closing and possibly sealing of the filter housing 20. Before installing the
filter element 5 in the filter housing 20 an anchoring device 8 is slidingly and removably
attached to the locking and sealing means 11 in order to maintain the filter element 5 in
the second state B. The anchoring device 8 is further disclosed in relation to Figs. 7 -9
below. The filter element 5 is then advanced into the filter housing 20 through an open-
ing which is laid bare when the housing lid 21 has been removed, which operation is
particularly disclosed in Fig. 4 and indicated using two arrows in the mounting direction
of the filter element 5. The filter element 5 enters the filter housing 20 in its axial direc-
tion for easy utilisation and/or maintenance in a sliding manner. The filter housing 20
comprises an inwardly protruding guiding means 31 for guiding the anchoring device 8
into place. The guiding means 31 comprises two guiding shanks which grasp around the
back of the anchoring device 8. The guiding means 31 together with the tongue -shaped
sealing means 30 cooperate to maintain the filter element 5 in position within the filter
housing 30. The housing lid 21 is closed against the filter housing 20 using two evenly
spread locking clips, not further discussed. The number, position and type of closing
means, such as the disclosed locking clips, may be made differently.

Fig. 3 further illustrates a flow of air to be filtered through the filter material body
10 and the filter housing 20, comprising the fluid inlet 22 and the fluid outlet 23. The fluid
inlet 22 is located in the curved outer periphery, or in other words, in the envelope sur-
face of the filter housing 20. The fluid inlet 22 is furthermore slightly inclined in relation to
a normal to the outer periphery. In the axial end opposite to the housing lid 21, the fluid
outlet 23 is located. When in use, the air to be filtered hence enters the filter housing 20
through the fluid inlet 22, spreads around the outside of the filter element 5 within the
filter housing 20, penetrates through the filter element 5 and the filter material body 10,
such that the air is filtered, and finally the filtered, and preferably generally cleaned air,
leaves the filter housing 20 through the fluid outlet 23. The pipe 24 which connects to the
fluid inlet 22 is inclined such that the fluid has a flow component directed slightly towards
the fluid outlet 23. The filter housing 20 has generally the same curved shape as the fil-
ter element 5 in order to distribute the air well around the filter element 5. An outer sur-
face of the filter element 5 is adapted to be closely aligned with a curved inner surface of
the filter housing 20, as depicted in Fig. 3. The filter housing 20 has a curved inner sur-
face which is slightly larger than the outer curved shape of the filter element 5, such that
the air to be filtered may spread well around the filter element 5 in order to utilise the full
outer surface are of the filter element 5.
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Fig. 5 discloses a detail of the filter element 5 where the locking means 11 is
formed by a one-piece continuous body and is wedge-shaped. The locking means 11 is
located continuously all along the two oppositely located, short outer peripheral sides 12
and 13. In cross-section the locking means 11 has an adjacent section 3 and a distant
section 4, as seen in relation to the filter material body 10. The adjacent section 3 is
shorter than the distant section 4. The adjacent section 3 has a length which is generally
equal to the thickness of the filter element 5. It may however be both shorter and longer
than said thickness. The adjacent section 3 and the distant section 4 are joined through
a locking surface 6, which is adapted for engaging a complimentary shaped surface 19
(see Fig. 7a) for achieving a locking function. Such a complimentary shaped surface 19
could be part of an anchoring device 8 discussed in detail in relation to e.g. Figs. 7a and
7b below. The locking surface 6 has a slanting portion as seen in relation to the plane of
the filter element 5 when lying flat in the first state A. Further, the cross-section of the
locking means 11 is constant along an extension direction of the at least one outer pe-
ripheral side 12, 13. In the depicted embodiment the continuously slanting locking sur-
face 6 is located on a side of the filter element 5 which in the second state B is facing
inwardly, “into” the inner volume created by the curved shape. The locking surface 6
could also be directed outwardly, i.e. in an opposite direction, but an advantage of the
depicted embodiment is that the outer surface of the locking means 11 is now following
the outer surface of the filter element 5, such that a continuous outer periphery is creat-
ed without any protruding parts that may interfere with the space surrounding the filter
element 5.

The locking means 11 is made of a compressible material e.g. rubber, foam rub-
ber, polyurethane etc. Such materials are easy to manufacture and handle, are easily
given a desired shape and may also adjust to the complimentary shaped anchoring de-
vice 8 when assembled thereto.

The filter element 5 further comprises a sealing means 11, 30 adapted for seal-
ing against a complimentary shaped surface 19. The sealing means 11, 30 extends
along the at least one outer peripheral side 12, 13, 14, 15 of the filter element 5, prefer-
ably along a complete periphery of the filter element 5. The locking means 11 and the
sealing means 11, 30 are in this embodiment formed by the same member along the two
oppositely located, short outer peripheral sides 12 and 13. The provision of both a lock-
ing effect and a sealing effect in the same member simplifies the design of the filter ele-
ment 5. The sealing means 30 along the two oppositely located, long outer peripheral
sides 14 and 15 do not comprise a locking effect.
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The at least one of said outer peripheral sides 12, 13 of the filter element 5,
which are directed towards each other in the second state B, is straight in the second
state B. In the embodiment which is depicted in Fig. 5 both of the outer peripheral sides
are straight. Thereby it becomes an easy operation to assemble the filter element 5 with
the complimentary shaped surface 19, which may be part of the anchoring device 8 as
later described. When the surfaces in question 12, 13 are straight in the second state B,
the filter element 5 may be lead into the second state B by an operator, held in this posi-
tion or state, and then be moved axially in relation to the complimentary shaped surface
19 or anchoring device 8. Thereby the locking surface(s) 6 of the locking means 11
is/are locking, and possibly, sealing against the complimentary shaped surface 19.
Straight surfaces make this operation simple and smooth. The requirements placed on
the design and material of the locking means 11 are also simplified if the locking means
11 remain straight in the second state B.

As illustrated in Figs. 6a and 6b, the filter element 5 of this embodiment compris-
es an inner portion 16 for maintaining the curved shape when locked in the second state
B. The inner portion 16 is tubular and fluid permeable. The inner portion 16 is further
separate from, but attachable to, the anchoring device 8. In the depicted embodiment
the inner portion 16 is perforated and made of a moulded plastic, but it may also be
made of e.g. a mesh of thin threads of e.g. steel or other generally form-stable material.
The material of the inner portion 16, in combination with its design, is chosen such that
the stiffness is adapted to the forces placed on the filter element 5 when a flow of fluid
penetrates through the filter element 5 when it is used. It is preferable that the inner por-
tion 16 is given a design which reduces the flow rate through the filter element 5 to a
minimum extent.

According to Figs. 7a and 7b a filter system 7 is disclosed comprising the filter
element 5 and an anchoring device 8. The anchoring device 8 is adapted to be arranged
between the opposite outer peripheral sides 12, 13 of the filter element 5 that are di-
rected towards each other when the filter element 5 is curved to the second state B. The
anchoring device 8 has a locking means 25, which is adapted to engage with the locking
means 11 of the filter element 5 for locking the filter element 5 in the second state B.
The locking means of the anchoring device 8 and the filter element 5 are formed with a
complimentary shaped male-female configuration providing a secure locking mecha-
nism. It may also provide sealing as earlier described. The locking means 25 of the an-
choring device 8 is adapted to receive the locking means 11 of the filter element 5
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through an axial relative displacement for locking the filter element 5 in the second state
B, according to the embodiment of Fig. 7b.

As illustrated in Fig. 7a the locking means 25 of the anchoring device 8 in cross-
section comprises a distant section 17 and an adjacent section 18 as seen in relation to
a centre axis of the anchoring device 8. In a locked state between the filter element 5
and the anchoring device 8, the distant section 17 of the locking means 25 of the an-
choring device 8 is located generally at the same cross-sectional position as the adja-
cent section 3 of the locking means 11 of the filter element 5. In this state also the adja-
cent section 18 of the locking means 25 of the anchoring device 8 is facing the distant
section 4 of the locking means 11 of the filter element 5. The locking surface 6 of the
locking means 11 of the filter element 5 is facing the complimentary shaped surface 19
of the anchoring device 8. The length of the distant section 17 of the anchoring device 8
is generally the same as the length of the adjacent section 3 of the locking means 11.
The length of the adjacent section 18 of the anchoring device 8 is generally the same as
the length of the distant section 4 of the locking means 11. Depending on the material of
the locking means 11 of the filter element 5, the possible inherent compressibility of the
material may be utilised such that the length of the section in question of the locking
means 11 of the filter element 5 may be slightly longer than the corresponding section of
the anchoring device 8, such that both proper locking and possible sealing is achieved.
In a connected state of the filter system 7, the filter element 5 and the anchoring device
8 together form a generally closed circular cross-section.

The anchoring device 8 could also be differently shaped in cross-section as illus-
trated in Figs. 8a - 8c, starting in Fig. 8a with the embodiment 5 which has already been
disclosed. As long as the geometrical relationship requirements between the adjacent
section 18 and the distant section 17 are achieved as mentioned above, the anchoring
device 8, 8a and 8b could have any shape found advantageous. The anchoring device 8a
of Fig. 8b discloses a locking surface which is built up by two straight surfaces at an angle
to one another. The anchoring device 8b of Fig. 8c is made in one piece with a filter hous-
ing and has a curved locking surface. The anchoring device 8, 8a, 8b is preferably axially
symmetrical as in the depicted embodiments, but may also be shaped having different
configurations on left hand side and right hand side as seen in the figures. Combinations
of these embodiments may apply. The locking means 11 of the filter element 5 should be
of corresponding cross-sectional shape.

The anchoring device 8, 8a, 8b extends along the full axial length of the locking
means 11 of the filter element 5 in the second state B. The locking means 25 of the an-
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choring device 8, 8a, 8b is located continuously along at least a part of the locking means
11 of the filter element 5, preferably continuously along generally a complete extension of
the at least one outer peripheral side 12, 13 of the locking means 11. Furthermore, the
locking means 25 of the anchoring device 8, 8a, 8b has a cross-section, which is constant
along its extension direction. The anchoring device 8, 8a, 8b may also be split up into two
halves, such that it has two generally equally, but oppositely shaped locking means 25. In
such a case each half may be separated from the other half such that a greater distance
is provided between the outer peripheral sides 12 and 13 when positioned in the second
state B. In an embodiment of the filter element 5 which has only locking means along one
of the outer peripheral sides 12 and 13, one such half of the anchoring device 8 is suffi-
cient. It is also possible to use an anchoring device 8, 8a, 8b which does not extend along
the full axial length of the locking means 11 of the filter element 5 in the second state B.
Instead several shorter ones could be used, which together sum up to a length which ex-
tends along the full axial length of the locking means 11 of the filter element 5 in the sec-
ond state B.

The filter system 7 may further comprise the filter housing 20, as illustrated in
Figs. 3 and 4, having a compartment which is adapted to receive the filter element 5
when it is positioned in its second state B. The anchoring device 8 may be fixedly ar-
ranged to the filter housing 20a, or in a one-piece unit with the filter housing 20a, so that
the anchoring device 8d permanently protrudes inwardly into the compartment. Such a
filter housing embodiment is depicted in Fig. 10. The filter housing 20a here receives the
inner portion 16, which is located generally coaxially with a housing wall and within the
filter housing compartment. The inner portion 16 extends generally along the anchoring
device 8 for maintaining the curved shape of the filter element 5 when locked in the sec-
ond state B. The inner portion 16 is detachably arranged to the filter housing 20, and de-
tachably arranged to the anchoring device 8. According to a an embodiment the inner
portion 16 may be fixedly arranged to the filter housing 20, or the inner portion 16a may
be fixedly arranged to the anchoring device 8c, as disclosed in Fig. 9. In this embodi-
ment the inner portion 16a is made in one piece with the anchoring device 8c.

It should be noted that the filter housing 20,20a may have many other designs
than the ones disclosed above and still maintain the function in relation to the filter ele-
ment 5. The locations of the fluid inlet 22 and fluid outlet 23 may be on other parts of the
filter housing 20, 20a, the direction of fluid flow may be opposite, the size of the filter
housing 20, 20a in relation to the filter element 5, 5a may be different etc. without deviat-
ing from the scope of the present disclosure.
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In the filter element embodiment disclosed in Fig. 11, the filter element 5a com-
prises a locking means 11a for locking the filter element 5a in the second state B. The
locking means 11a is in the depicted embodiment located on the outer peripheral sides
12a and 13a which are directed towards each other in the second state B, but should be
located on at least one of the outer peripheral side 12a, 13a, 14a, 15a of the filter ele-
ment 5a. Further, the locking means 11a has an extension along a substantial part of the
at least one outer peripheral side 12a, 13a, 14a, 15a of the filter element 5a. In the de-
picted embodiment the locking means 11a are discreet locking means 11a covering
more than 50 % of the length of the filter element 5a. The length and number of discreet
locking means 11a should preferably be adapted to the length of the outer peripheral
side on which it is located in combination with the locking strength needed to maintain
the second state B. In the embodiment, there are three discreet ones located on either
one of the outer peripheral sides 12a and 13a. The locking means 11a could further be
located continuously along at least a part of the at least one outer peripheral side 12a,
13a.

A typical embodiment of the filter element 5, 5a when used in connection with an
internal combustion engine system 2, i.e. when the filtering operation is performed on air
such as ambient air, could have a filter material body 10, 10a made of a material such
as paper or cellulose. The filter element 5, 5a would in the second state B be curved into
a generally tubular shape, e.g. circular, elliptic or oval, which shape preferably is contin-
uous in a circumferential direction.

The filter element 5, 5a according to any one of the embodiments herein may be
used in other applications than the automotive use disclosed in relation to Fig. 1, and for
other types of fluids than air.

The present disclosure is also accompanied by a method for exchange of the fil-
ter element 5, 5a in the filter system 7, 7a. The exchange method comprises the steps of
removing a used filter insert from the filter housing 20, 20a and inserting a new filter el-
ement 5, 5a into the filter housing 20, 20a. The new filter element 5, 5a is discontinuous
in a circumferential direction of the filter element 5, 5a. The method further comprises
the step of engaging an anchoring device 8, 8a, 8b, 8c, 8d in a space between opposite
outer peripheral sides 12, 12a, 13, 13a of the filter element 5, 5a. The used filter insert
may be a filter element 5, 5a according to this disclosure, but may also be another type
of filter of a known kind. The new filter element 5, 5a is a filter element 5, 5a according to
this disclosure.



10

WO 2017/102008 PCT/EP2015/080287
20

Further, the method comprises the step of bending the filter element 5, 5a from a
first state A, in which it has a substantially flat shape, to a second state B, in which it has
such a curved shape that said opposite outer peripheral sides 12, 12a, 13, 13a of the
filter element 5, 5a are directed towards each other, and locking the filter element 5, 5a,
in the second state B to the anchoring device 8, 8a, 8b, 8c, 8d.

The alternative embodiments which have been disclosed above may be combined
in any way which is found advantageous, unless anything else is explicitly stated, as long
as the features of the main claims are fulfilled.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and modifications may be made within the scope of the appended
claims.
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CLAIMS

1. Afilter element (5, 5a) for being removably arranged in a filter housing (20, 20a),
said filter element (5, 5a) comprising a filter material body (10, 10a), characterized in
that said filter element (5, 5a) is adapted to assume a first state (A), in which it has a sub-
stantially flat shape, and a second state (B), in which it has such a curved shape, that op-
posite outer peripheral sides (12, 12a, 13, 13a) of said filter element are directed towards
each other and in which it is adapted for a filtering operation, wherein said filter element is
adapted to be locked in said second state when arranged in said filter housing (20, 20a).

2. Afilter element (5, 5a) according to claim 1, wherein said filter element (5, 5a)
comprises a locking means (11, 11a) for locking said filter element (5, 5a) in said second
state (B).

3. Afilter element (5, 5a) according to claim 2, wherein said locking means (11, 11a)
is located on at least one outer peripheral side (12, 12a 13, 13a, 14, 14a, 15, 15a) of said
filter element (5, 5a).

4. Afilter element (5, 5a) according to claim 3, wherein said locking means (11, 11a)
has an extension along a substantial part of said at least one outer peripheral side (12,
12a 13, 13a 14, 14a 15, 15a) of said filter element (5, 5a).

5. Afilter element (5, 5a) according to any one of claims 2 to 4, wherein said locking
means (11, 11a) is located on at least one of said outer peripheral sides (12, 12a, 13,
13a) which are directed towards each other in the second state (B).

6. Afilter element (5, 5a) according to any one of claims 2 to 4, wherein said locking
means (11, 11a) is located on both of said outer peripheral sides (12, 12a, 13, 13a) which
are directed towards each other in the second state (B).

7. Afilter element (5, 5a) according to any one of the claims 2 to 6, wherein said
locking means (11, 11a) is located continuously along at least a part of said at least one
outer peripheral side (12, 12a, 13, 13a, 14, 14a, 15, 15a), preferably continuously along
generally a complete extension of said at least one outer peripheral side (12, 12a, 13,
13a, 14, 143, 15, 15a).
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8. Afilter element (5, 5a) according to any one of the claims 2 to 7, wherein said
locking means (11, 11a) is formed by a one-piece body.

9. Afilter element (5, 5a) according to any one of the claims 2 to 8, wherein said
locking means (11, 11a) is wedge-shaped.

10. A filter element (5, 5a) according to any one of the claims 2 to 9, wherein said
locking means (11, 11a) in cross-section has an adjacent section (3) and a distant section
(4) as seen in relation to said filter material body (10, 10a), wherein said adjacent section
(3) is shorter than said distant section (4) as seen in a transversal direction to a plane of
said filter element (5, 5a).

11. Afilter element (5, 5a) according to claim 10, wherein said adjacent section (3)
and said distant section (4) are joined through a locking surface (6) adapted for engaging
a complimentary shaped surface for achieving a locking function.

12. A filter element (5, 5a) according to claim 11, wherein said locking surface (6) has
a slanting portion as seen in relation to said plane of said filter element (5, 5a).

13. Afilter element (5, 5a) according to any one of the claims 2 to 12, wherein said
locking means (11, 11a) has a cross-section, which is constant along an extension direc-
tion of said at least one outer peripheral side (12, 12a, 13, 13a).

14. A filter element (5, 5a) according to any one of the claims 2 to 13, wherein said
locking means (11, 11a) is made of a compressible material.

15. A filter element (5, 5a) according to claim 14, wherein said compressible material
is made of a material chosen from the group of: rubber, foam rubber and polyurethane.

16. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) comprises a sealing means (11, 11a, 30) adapted for sealing against

a complimentary surface.

17. Afilter element (5, 5a) according to claim 16, wherein said sealing means (11,
11a) extends along said at least one outer peripheral side (12, 12a 13, 13a, 14, 14a, 15,
15a) of said filter element (5, 5a).
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18. A filter element (5, 5a) according to claim 16, wherein said sealing means (11,
11a, 30) extends along a complete periphery of the filter element (5, 5a).

19. A filter element (5, 5a) according to claim 2 and any one of claims 16 to 18, where-
in said locking means (11, 11a) and said sealing means (11, 11a) are formed by the same

member.

20. A filter element (5, 5a) according to any one of the preceding claims, wherein at
least one of said outer peripheral sides (12, 12a, 13, 13a) which are directed towards
each other in the second state (B) is straight in the second state (B).

21. Afilter element (5, 5a) according to any one of claims 1 to 19, wherein both of said
outer peripheral sides (12, 12a, 13, 13a) which are directed towards each other in the
second state (B) are straight in the second state (B).

22. Afilter element (5, 5a) according to any one of the preceding claims, wherein said
filter material body (10, 10a) is made of a material chosen from the group of: paper and
cellulose.

23. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) has a generally rectangular shape in said first state (A).

24. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) in said second state (B) has a generally tubular shape.

25. A filter element (5, 5a) according to claim 24, wherein said generally tubular shape

is substantially continuous in a circumferential direction.

26. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) in said second state (B) has the shape of an arc of between 300 and
360 degrees.

27. Afilter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) in said second state (B) has such a curved shape so that there is a
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distance in the circumferential direction between said opposite outer peripheral sides (12,
12a, 13, 13a) of said filter element (5, 5a), which are directed towards each other.

28. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) comprises an inner portion (16, 16a) for maintaining said curved
shape when locked in said second state (B).

29. A filter element (5, 5a) according to claim 28, wherein said inner portion (16, 16a)

is tubular.

30. A filter element (5, 5a) according to any one of claims 28 to 29, wherein said inner
portion (16, 16a) is fluid permeable.

31. Afilter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) is adapted for transportation in said a first state (A), in which it has a
substantially flat shape, for being curved to said second state (B) in association with a fil-

ter element exchange operation.

32. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) is an air filter element.

33. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) is adapted for cleaning a fluid for an internal combustion engine (2).

34. A filter element (5, 5a) according to any one of the preceding claims, wherein said
filter element (5, 5a) is adapted to be closely aligned with a curved inner surface of said
filter housing (20, 20a).

35. A filter system (7, 7a), comprising a filter element (5, 5a) according to any one of
the preceding claims and an anchoring device (8, 8a, 8b, 8c, 8d) adapted to be arranged
between said opposite outer peripheral sides (12, 12a,13, 13a) of the filter element in the
curved second state (B).

36. A filter system (7, 7a) according to claims 2 and 35, wherein said anchoring device
(8, 8a, 8b, 8c, 8d) having a locking means (25) which is adapted to engage with the lock-
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ing means (11, 11a) of said filter element (5, 5a) for locking the filter element (5, 5a) in
said second state.

37. Afilter system (7, 7a) according to claim 36, wherein said locking means (25) of
said anchoring device (8, 8a, 8b, 8¢, 8d) and said filter element (5, 5a) are formed with a
complimentary shaped male-female configuration.

38. A filter system (7, 7a) according to any one of claims 36 to 37, wherein said lock-
ing means (25) of said anchoring device (8, 8a, 8b, 8c, 8d) is adapted to receive the lock-
ing means (11, 11a) of said filter element (5, 5a) through an axial relative displacement for
locking said filter element (5, 5a) in said second state (B).

39. A filter system (7, 7a) according to any one of claims 36 to 38, wherein said lock-
ing means (25) of said anchoring device (8, 8a, 8b, 8c, 8d) in cross-section comprises a
distant section (17) and an adjacent section (18) as seen in relation to a centre axis of
said anchoring device (8, 8a, 8b, 8c, 8d), wherein, in a locked state, said distant section
(17) of said locking means (25) of said anchoring device (8, 8a, 8b, 8c, 8d) faces said ad-
jacent section (3) of said locking means (11, 11a).

40. A filter system (7, 7a) according to claim 39, wherein said distant section (17) of
said locking means (25) of said anchoring device (8, 8a, 8b, 8c, 8d) is shorter than said
adjacent section (18) of said locking means of said anchoring device (8, 8a, 8b, 8c, 8d).

41. Afilter system (7, 7a) according to any one of claims 39 to 40, wherein said adja-
cent section (18) and said distant section (17) are joined through a locking surface (19).

42. A filter system (7, 7a) according to claim 41, wherein said locking surface (19) has
a slanting portion.

43. A filter system (7, 7a) according to any one of the claims 36 to 42, wherein said
locking means (25) of said anchoring device (8, 8a, 8b, 8c, 8d) in cross-section is wedge
shaped.

44. A filter system (7, 7a) according to any one of claims 35 to 43, wherein said an-
choring device (8, 8a, 8b, 8c, 8d) is axially symmetrical.
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45. A filter system (7, 7a) according to any one of claims 35 to 44, wherein said an-
choring device (8, 8a, 8b, 8c, 8d) extends along said locking means (11, 11a) in said sec-
ond state (B).

46. A filter system (7, 7a) according to claim 45, wherein said locking means (25) of
said anchoring device (8, 8a, 8b, 8c, 8d) is located continuously along at least a part of
said locking means (11, 11a) of the filter element (5, 5a), preferably continuously along
generally a complete extension of said at least one outer peripheral side (12, 12a, 13,
13a) of said locking means (11, 11a).

47. A filter system (7, 7a) according to any one of claims 28 to 36, wherein said lock-
ing means (25) of said anchoring device (8, 8a, 8b, 8c, 8d) has a cross-section, which is

constant along its extension direction.

48. A filter system (7, 7a) according to any one of the claims 35 to 47, further compris-
ing a filter housing (20, 20a) with a compartment adapted to receive said filter element (5,
5a).

49. A filter system (7, 7a) according to claim 48, wherein said anchoring device (8d) is
fixedly arranged to said filter housing (20, 20a) or in a one-piece unit with the filter housing
(20, 20a) so that said anchoring device (8d) protrudes inwardly in said compartment.

50. A filter system (7, 7a) according to any one of claim 48 to 49, wherein said filter
housing (20, 20a) comprises an inner portion (16, 16a) located generally coaxially with a
housing wall and within said filter housing compartment, and extending generally along
said anchoring mechanism for maintaining said curved shape of said filter element (5, 5a)
when locked in said second state (B) .

51. A filter system (7, 7a) according to claim 50, wherein said inner portion (16, 16a) is
fluid permeable.

52. A filter system (7, 7a) according to any one of claims 50 to 51, wherein said inner
portion (16, 16a) is detachably arranged to said filter housing (20, 20a), preferably de-
tachably arranged to said anchoring device (8, 8a, 8b, 8c, 8d).
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53. A filter system (7, 7a) according to any one of claims 50 to 51, wherein said inner
portion (16, 16a) is fixedly arranged to said filter housing (20, 20a), preferably fixedly ar-
ranged to said anchoring device (8, 8a, 8b, 8c, 8d).

54. A filter system (7, 7a) according to any one of claims 48 to 53, wherein the filter
housing (20, 20a) has a tubular shape.

55. A filter system (7, 7a) according to claim 54, wherein the filter housing (20, 20a)
has a filter element (5, 5a) access opening in an axial direction of the tubular shape.

56. A filter system (7, 7a) according to any one of claims 38 to 55, wherein in connect-
ed state of said filter system (7, 7a) said filter element (5, 5a) and said anchoring device
(8, 8a, 8b, 8c, 8d) together form a generally closed cross-section.

57. Afilter system (7, 7a) according to any one of claims 38 to 56, wherein said filter
system (7, 7a) is an air filter system.

58. A filter system (7, 7a) according to any one of claims 38 to 57, wherein said filter
system (7, 7a) is adapted for cleaning a fluid for an internal combustion engine (2).

59. A filter element (5, 5a) for being removably arranged in a filter housing (20, 20a),
said filter element (5, 5a) comprising a filter material body (10, 10a), wherein said filter
element (5, 5a) has a generally tubular shape, characterized in that the filter element (5,
5a) is discontinuous in a circumferential direction of the filter element (5, 5a) so that there
is a distance in the circumferential direction of the filter element (5, 5a) between opposite
outer peripheral sides (12, 12a,13, 13a) of said filter element (5, 5a), which are directed
towards each other.

60. A filter element (5, 5a) according to claim 59, wherein said filter element (5, 5a)
comprises a sealing means (11, 11a, 30) adapted for sealing against a complimentary

surface.

61. A filter element (5, 5a) according to claim 60, wherein said sealing means (11,
11a) extends along said at least one outer peripheral side (12, 12a 13, 13a, 14, 14a, 15,
15a) of said filter element (5, 5a).
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62. A filter element (5, 5a) according any one of claims 60 to 61, wherein said sealing
means (11, 11a) is positioned on opposite outer peripheral sides (12, 12a, 13, 13a) of said
filter element (5, 5a), which are directed towards each other and wherein said sealing
means (11, 11a) is wedge-shaped for achieving a locking function relative to said compli-

mentary surface.

63. A filter element (5, 5a) according to any one of claims 60 to 62, wherein said seal-
ing means (11, 11a, 30) is made of a compressible material.

64. A filter element (5, 5a) according to claim 63, wherein said compressible material
is made of a material chosen from the group of: rubber, foam rubber and polyurethane.

65. A filter element (5, 5a) according to any one of claims 60 to 64, wherein said filter
element (5, 5a) has the shape of an arc of between 300 and 360 degrees.

66. A filter element (5, 5a) according to any one of claims 60 to 65, wherein said filter
material body (10, 10a) is made of a material chosen from the group of: paper and cellu-
lose.

67. A filter system (7, 7a) comprising a filter element (5, 5a) according to any one of
claims 60 to 66, wherein the filter system comprises an anchoring device (8, 8a, 8b, 8c,
8d) adapted to be positioned in the space between said opposite outer peripheral sides
(12, 122,13, 13a) of said filter element (5, 5a), which are directed towards each other, and
sealingly engaged to said opposite outer peripheral sides (12, 12a,13, 13a).

68. An internal combustion engine system (2) comprising a filter system (7, 7a) ac-
cording to any one of claims 35 to 58 or claim 67.

69. A vehicle (1) comprising an internal combustion engine system (2) according to
claim 68.

70. A method for exchange of a filter element (5, 5a) in a filter system (7, 7a) compris-
ing the steps of removing a used filter insert from a filter housing (20, 20a), inserting a
new filter element (5, 5a) into the filter housing (20, 20a), which new filter element (5, 5a)
is discontinuous in a circumferential direction of the filter element (5, 5a), and engaging an
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anchoring device (8, 8a, 8b, 8¢, 8d) in a space between opposite outer peripheral sides
(12, 12a,13, 13a) of said filter element (5, 5a).

71. A method according to claim 70, comprising the step of bending the new filter el-
5 ement (5, 5a) from a first state (A), in which it has a substantially flat shape, to a second
state (B), in which it has such a curved shape that said opposite outer peripheral sides
(12, 12a,13, 13a) of said filter element (5, 5a) are directed towards each other, and lock-
ing said filter element (5, 5a) in said second state (B) to said anchoring device (8, 8a, 8b,
8c, 8d).
10
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