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(57) Abréegée/Abstract:
A filter element has a non-magnetic frame defining a fluid flow opening. The non-magnetic frame has at least one mounting surface

for mounting against a ferrous material. Two or more magnet-enclosing channels are supported by the non-magnetic frame. Two
or more permanent magnets are provided within each magnet-enclosing channel. The permanent magnets are arranged with
opposite poles facing one another. The permanent magnets apply a magnetic force through the at least one mounting surface to
support the non-magnetic frame on the ferrous material.

Sk AN LA
RN T

( : d http://opic.ge.ca - Ottawa/Gatineau K1A 0C9 - http:/cipo.gcca o prc 4B ‘“ CIPO
L
dllddd OPIC - CIPO 191 i




CA 02684317 2009-10-22

ABSTRACT OF THE DISCLOSURE
A filter element has a non-magnetic frame defining a fluid flow opening. The
non-magnetic frame has at least one mounting surface for mounting against a ferrous
material. Two or more magnet-enclosing channels are supported by the non-magnetic
frame. Two or more permanent magnets are provided within each magnet-enclosing
channel. The permanent magnets are arranged with opposite poles facing one another.

The permanent magnets apply a magnetic force through the at least one mounting surface

to support the non-magnetic frame on the ferrous matenal.
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TITLE
[0001] Filter elements

FIELD
[0002] This relates to filter elements such as elements that may be magnetically installed

within a fluid system.

BACKGROUND

[0003] In closed loop fluid systems, it is often necessary to filter the fluids, such as in
engine lubrication systems, hydraulic equipment or other mechanical devices, in order to
remove debris from the fluid. In engines, hydraulic equipment and mechanical devices, the
debris is often metal worn off of moving parts. Magnetic filters, such as the one described in

U.S. patent no. 6,706,178 (Simonson) entitled “Magnetic Filter and Magnetic Filtering
Assembly”.

SUMMARY

[0004]  There is provided a filter element, comprising a non-magnetic frame defining a
fluid flow opening. The non-magnetic frame has at least one mounting surface for
mounting against a ferrous material. Two or more magnet-enclosing channels are
supported by the non-magnetic frame. Two or more permanent magnets are positioned
within each magnet-enclosing channel. The permanent magnets are arranged with
opposite poles facing one another, the permanent magnets applying a magnetic force
through the at least one mounting surface to support the non-magnetic frame on the

ferrous material.

[0005] There is also provided a modular filter, comprising more than one filter
element as described above with a first side of the non-magnetic frame comprising a
magnet-enclosing channel, and a second side of the non-magnetic frame comprising a
magnet-enclosing channel or a ferrous material enclosing channel. The filter elements are
assembled by magnetically attaching the first side of a filter element to the second side of

an adjacent filter element.

[0006]  There is also provided a method of installing a filter element in a fluid tank, the
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fluid tank having a ferrous metal housing, a fluid input, and a fluid output. The method
comprising the steps of providing at least one filter element as described above; and
inserting the filter element into the fluid tank such that one of the mounting surfaces of at
least one filter element is adjacent to, and magnetically attracted to, the ferrous metal

housing and such that at least a portion of the fluid passing from the fluid input to the fluid
output passes through the fluid flow opening. |

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] These and other features will become more apparent from the following

“description in which reference is made to the appended drawings, the drawings are for the

purpose of illustration only and are not intended to be in any way limiting, wherein:
FIG. 1 is a perspective view of a filter element.
FIG. 2 is a top plan view in section of a filter element.
FIG. 3 is an exploded view of a magnet-enclosing channel.
FIG. 4 is a transparent side elevation view of a filter element.
FIG. 5 is a transparent side elevation view of a magnet-enclosing channel.
FIG. 6 is a partially transparent top plan view of a filter element.
FIG. 7A through 7C are side elevation views of a series of steps showing a filter
clement being installed.
FIG. 8 is a perspective view of filter elements installed around a conduut.
FIG. 9 is a top plan view of filter elements installed around a conduiat.
FIG. 10 is an elevated perspective view of a filter element with brackets.
FIG. 11 is a top plan view of an alternate design of a filter element.
F1G. 12 is a perspective view of a modular design.

FIG. 13 is a side view of a frame.

DETAILED DESCRIPTION
[0008] A filter element generally identified by reference numeral 10, will now be
described with reference to FIG. 1 through 13.

Structure and Relationship of Parts:
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[0009] Reterring to FIG. 1, a filter element 10 includes a non-magnetic frame 12 with
multiple sides 13a, 13b 15a and 15b defining a fluid flow opening 14. It will become
apparent from the discussion below that other shapes other than rectangles may be used,
such as other polygons, or curved or partially curved frames, depending on the preferences
of the user and the intended use of filter element 10. An example of a curved frame 1s
shown in FIG. 11. Referring to FIG. 4, side 13a includes a magnet-enclosing channel 16
and a plurality of permanent magnets 18 positioned within it. The opposite side 13b may
enclose magnets or, as shown, a piece of ferrous material 19, which allows it to be
magnetically connected to other filter elements 10 in a modular fashion without any
repulsive forces. In the depicted design, top and bottom sides 15a and 15b are used
simply to secure magnet enclosing channels 17 by engaging them in openings, but do not '
form magnet enclosing channels themselves. In filter element 10, at least one side is
intended for use as a mounting surface, where magnets 18 that are adjacent to this side
apply a sufficient attractive force that filter element 10 may be mounted to a surface. This
may be done by a magnet enclosing channel 16 along that side, or by magnets 18 in the
end of a channel 16 or 17 that terminates at that side. In addition, frame 12 need not have
square surfaces. For example, referring to FIG. 13, bottom side 15b may be slanted, such

that when installed, frame 12 is at an angle, or is attached to an angled surface to remain

upright.

[0010] In each channel 16 and 17, permanent magnets 18 are arranged with opposite
poles facing one another. The common approach in the field is to place like poles facing
cach other to create a more widely dispersed, albeit weaker, magnetic field. By placing
opposite poles together, a stronger magnetic field that is more localized around filter element
10 is created. This allows smaller particles to be pulled from the fluid, and also increases the
holding power on the particles. Preferably, the magnets 18 are rare earth magnets, such as
NdFeB magnets, or other strong magnets. In one test product, particles down to 1 um were
found on the test filter element using NdFeB magnets. If used in high-temperature
applications, such as in an engine, gear box or hydraulic equipment, magnets 18 must be
able to maintain sufficient magnetism in the high temperatures that will be encountered. It

will be understood that not all channels 16 need to include magnet-enclosing channels 16,
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but 1t 1s preferred that they do as this increases the filtering capacity of element 10.

[0011] Filter element 10 has an open flow opening 14. In the embodiment shown in
FIG. 1, frame 12 is made from magnet enclosing channels 16. However, referring to FIG.
2 and 4, other magnet-enclosing channels 17 may be included that traverse flow opening
14. As mentioned above, 1n this situation top and bottom 15a and 15b are used to secure
channels 17. With channels 17 present, sides 13a and 13b do not need to contain have

channels 16, although they may be used to increase the filter capabilities and to allow

adjacent filter elements 10 to be attached, as will be described. In FIG. 2, magnet-

enclosing channels 17 have a rectangular cross-section and are louvered. In this example,
the entire flow opening 14 may be covered. However, in order to reduce the flow
restrictions, louvered channels 17 may not cover the entire flow opening 14, as shown in
FI1G. 11. In FIG. 6, magnet-enclosing channels 17 are circular and are evenly spaced
within fluid flow opening 14. Other designs may also be used, such as a staggered design,
or perpendicular design. The louvered design depicted in FIG. 2 is preferred for most
applications, as it does not restrict the flow area as much as FIG. 6. Also, the design
creates some turbulence in the fluid flow, which causes more fluid to come into close
proximity to a magnetic element 18, and therefore increases the probability that a
contaminant will be magnetically filtered. The design of element 10, the size and spacing
of channels 17, if any, may vary depend on the fluid flow characteristics and the
sensitivity of the equipment to particles. For example, more sensitive equipment may
have higher filtering requirements, and therefore may require a higher density of magnets
18. Other equipment may not have as high of sensitivity, but may have less tolerance for

flow restriction, and therefore fewer channels 17 may be required.

[0012] The profile of element 10 may be adjusted to suit the space and shape
requirements of a particular confinement. For example, the size may be adjusted to suit a
particular opening. If a rectangular frame 12 is used, then the length or width may be
adjusted accordingly. It will be understood that frame 12 need not be rectangular, and that
other polygons, round shapes or combinations may be used. For example, FIG. 11 shows

a filter element 10 that may be used to cover a round outlet or inlet similar to a grate. Ina
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preterred embodiment, to reduce the costs, filter elements 10 are preferably modular to
allow them to be attached in various configurations using a set of basic building blocks.
An example of this i1s shown in FIG. 12, where it can be seen that filter elements 10 may
be attached in a side-by-side arrangement, above or below, or at an angle. It 1s preferred
that a magnet-enclosing channel 16 is placed adjacent to a ferrous material 19 to prevent
channels 16 repelling each other. The modular capabilities allow filters to be formed that
are more easily and more safely installed. For example, an opening may have a limited
size, such that only elements of a certain size can be introduced or manipulated when
introduced inside an enclosure. Alternatively, the size of the required filter may be too
large to handle safely in a single piece. The modular design allows the required filter to

be assembled in place.

[0013] Referring to FIG. 10, filter elements 10 may include a bracket 24 to allow
elements 10 to be attached, for example, by rivets to a spacer 28. This allows more versatility
in the shapes that filter elements 10 may take. Alternatively, spacer 28 may include ferrous
material, such that the spacer is attached magnetically. In that case, profiles may be provided

to receive the connecting components to ensure proper placement and prevent unwanted

movement.

Operation:
[0014] Referring to FIG. 1 through 5, filter element 10 is comprised mostly of channels

16 and 17. As shown in FIG. 3, channels 16 and 17 may be made from two parts 16a and
16b to 1solate the magnets that 1t will house from the debris in the fluid. Referring to FIG. 8,
a filter element 10 1s placed in a tank 20, or other enclosure. The filter element 10 may be
moved 1nto a variety of différent positions, however it is most effective if placed in close
proximity to a conduit 22. Referring to FIG. 9, more than one filter element 10 may be placed
in a tank 20 such that it surrounds a conduit 22. As filter elements 10 contain magnets 18,

they may be installed in a desired position using the attractive forces between magnets 18 and

tank 20. By relying on the magnetic forces, installation can be done with relatively little
training, with no specialized tools, and without modifying tank 20 or other enclosure. They

are also relatively easy to remove, without having to worry about, for example, pin connectors
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that may become worn, stuck or stripped during use. Filter elements 10 may be made in a
variety of shapes and sizes, and as they are attached to tank 210 or each other using magnets,
they are quite versatile in where they are installed. Furthermore, as the attachment 1is
magnetic, they may be slid into the desired position along a ferrous surface, but 1t becomes
very difficult to remove away from the ferrous metallic surface. One or more filters 10 are

provided such that a desired amount of fluid comes into contact with the magnetic fields of

magnets 18 in filters 10.

[0015] An example is shown in FIG. 7A through 7C, which filter element 10 being

~positioned in tank 20 using a series of steps. In tank 20, there is an overhead boss 26.

Referring to FIG. 7A, filter element 10 is placed on its side and slid under boss 26 toward
conduit 22. Referring to FIG. 7B, once properly positioned inside tank 20, filter element 10 is
rolled into an upright position and slid into a place. Refeﬁing to FIG. 7C, filter element 10 is
thus positioned in tank 20 such that a maximum amount of material to be filtered must pass

through the filter element 10. Multiple filters 10 may be positioned in a side-by-side
relationship to fill the opening.

[0016] Referring to FIG. 5, magnet-enclosing channels 16 contain a plurality of magnets
18 arranged with opposite poles facing one another. The magnets are contained by frame 12.
Referring to FIG. 4, multiple magnet-enclosing channels 16 are utilized in filter element 10.

[0017]  Referring to FIG. 2, a filter element 10 filters fluid through the flmd flow
openings 14 created by sides 13 of the housing 12. Magnet-enclosing channels 16 are
positioned such that the fluid passing through the fluid flow openings 14 comes into close
proximity of the magnets 18 housed in the magnet-enclosing channels 16. The magnets 18
attract magnetic particles and pull them out of the fluid to be filtered.

[0018] The non-magnetic enclosures help facilitate cleaning, typically by pressure
washing techniques, when required.

[0019] In this patent document, the word "comprising" is used in its non-limiting sense to
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mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires that

there be one and only one of the elements.

[0020]  The following claims are to be understood to include what is specifically

illustrated and described above, what is conceptually equivalent, and what can be obviously
substituted. Those skilled in the art will appreciate that various adaptations and modifications
of the described embodiments can be configured without departing from the scope of the
claims. The illustrated embodiments have been set forth only as examples and should not be
taken as limiting the invention. It is to be understood that, within the scope of the following

claims, the invention may be practiced other than as specifically illustrated and described.
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What 1s Claimed 1s:

1. A filter element, comprising:
a non-magnetic frame defining a fluid flow opening, the non-magnetic frame
having at least one mounting surface for mounting against a ferrous material,
two or more magnet-enciosmg channels supported by the non-magnetic frame; and
two or more permanent magnets within each magnet-enclosing channel, the
permanent magnets being arranged with opposite poles facing one another, the permanent
magnets applving a magnetic force through the at least one mounting surtace to support

the non-magnetic frame on the ferrous material.

2. The filter element of claim 1, wherein the non-magnetic frame has a polygonal shape.

3. The filter element of claim 1, wherem at least a portion of the non-magnetic frame 1s

curved.

4. The filter element of claim 1, wherem at least one magnet-enclosing channel 1s

disposed m a stde of the non-magnetic frame.

5. The filter element of clamm 1, wherein at least one magnet-enclosing channel traverses

the flutd flow opening.

6. The filter element of claim 1, wheremn a first side of the non-magnetic frame comprises

a magnet-enclosing channel, and a second side of the non-magnetic frame encloses a

ferrous matenal,

7. A modular filter, comprising:
more than one filter element, each filter element comprisimg:
a non-magnetic frame defining a flmd flow opening, the non-magaetic

frame having at least one mounting surface for mounting agamst a ferrous matenal;
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two or more magnet-enciosing channels supported by the non-magnetic
frame;

lwo Or more permanent magnets within each magnet-enclosing channel, the
permanent magnets bemng arranged with opposite poles facing one another, the permanent

5  magnets applying a magnetic force through the at least one mounting surface to support
the non-magnetic frame on the ferrous material;

a first side of the non-magnetic frame comprises a magnet-enclosing
channel, and a second side of the non-magnetic frame comprising a magnet-enclosing
channel or a ferrous material enclosing channel;

10 the filter elements by attaching the first side of a filter element to the second side

of an adjacent filter element.

8. The modular filter of claim 7, wherem the non-magnetic frame of at least one filter
element has a different size or shape than another filter element.

15
9. The modular filter of claim 7, wherein the non-magnetic frame of at least one filter

element has a polygonal shape.

10. The modular filter of claim 7, wherein the non-magnetic frame of at least one filter

20  element s curved.

11. The filter element of claim 1, wherein at least one magnet-enclosing channel traverses

the fluid flow opening of at least one non-magnetic frame.

25  12. A method of mstalling a filter element 1n a fluid tank, the tlmd tank having a ferrous
metal housing, a fluid input, and a fluid output, the method comprising the steps of:
providing at least one filter element, comprising:
a non-magnetic frame defining a flud flow opening, the non-magnetic
frame having at least one mounting surface for mounting agamst a ferrous materal;
30 two or more magnet-enclosing channels supported by the non-magnetic

frame; and
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two or more permanent magnets within each magnet-enclosing channel, the
permanent magnets being arranged with opposite poles facing one another, the permanent

magnets applying a magnetic force through the at least one mounting surface to support the

non-magnetic frame on the ferrous materal;

mserting the filter element into the fluid tank such that one of the mounting surfaces
of at least one filter element 1s adjacent to, and magnetically attracted to, the ferrous metal
housmg and such that at least a portion of the fhuid passing from the fluid input to the fluid

output passes through the flutd flow opening.

13. A hiter element for magnetically filtering ferrous material from a flmid flow, comprising:
a rectangular non-magnetic frame having an mnner surface defining a fluid flow opening,
and at least one outer mounting surface opposite the mner surface for mounting against a ferrous

material;

at least two peripheral sides of the rectangular non-magnetic frame comprising magnet-

enclosing channels, each channel defining a magnet-isolating cavity;
at least one magnet-enclosing louvered channel spaced from the peripheral sides of the
rectangular non-magnetic frame and traversing the fluid flow opening, the louvered channel
defining a magnet-isolating cavity; and

lwo or more permanent magnets isolated within each magnef-enclosing channel, the
magnet-isolating cavity of each of the channels and the at least one louvered channel, such that
the magnets are physically tsolated within the respective magnet-isolating cavity from the fluid
flow, the permanent magnets being arranged with opposite poles facing one another, the

permanent magnets applymg a magnetic force through the at least one mounting surface to

support the non-magnetic frame on the ferrous material.

14. The filter element of claim 13, wherem at least one side of the non-magnetic frame

comprises a channel that encloses a ferrous metal.

15. The filter element of claim 13, wherein the at least one louvered channel defines a flow path

that ts angled relative to the flurd flow opening of the frame.

10. 'The filter element of claim 13, wherein the permanent magnets are rare earth magnets.
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17. A modular filter, comprisin

(=

more than one ller element, cach filler element comprising:

a rectangular non-magnetic frame having an mner surface defmming a flud
flow opeming, and at least one outer mounting surface oppostie the tnner surface for mounting
agatnst a ferrous matenal;

at least two peripheral sides of the rectanguiar non~-magnetic frame comprising
magnet-enclosing channels, each chammel defining a magnet-1solating cavity;
at least one magnet-enclosing louvered channei spaced from the penpheral sides of the
rectangular non-magnetic frame and traversing the fluid flow opening, the louvered channel
defiing a magnet-isolating cavity; and

two or more permanent magnets 1solated within each the magnet-enclosimg channel
magnet-isolating cavity of each of the channels and the at least one louvered channel, such
that the magnets are physically isolated within the respective magnet-isolating cavity from the
tlutd How:

the filter elements being assembled by magnetically attaching one of the mounting

surfaces of a filter element to an adjacent filter element.

18. The modular filter of claim 17, wherein the non-magnetic {rame of at least one filter

clement has a different size or shape than another filter element.

19. A method of mstalling a moduiar filter m a flud tank, the flnd tank having a ferrous
metal housing, a fluid mput, and a fluid output, the method comprising the steps of:
providing more than one filter element, each filter element comprising:

a rectangular non-imagnetic frame having an mner surface defining a fluid
flow opening, and having more than one mounting surface opposite the mmer surface for
mounting agamnst a ferrous material;

at least two pernpheral sides of the rectangular non-magnetic from frame
comprising magnet-enclosing channels, each channel defimng a magnet-1solating cavity;

at least one magnet-enclosing touvered chamnel spaced from the peripheral sides of

the rectanpular non-magnetic frame and traversing the fluid flow opening, the louvered
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channel defining a magnet-1solatmg cavity; and
two or more permanent magnets solated within each the magnet-enclosing
channel magnel-isolatmyg cavity of each of the channels and the at least one louvered channel,
such that the magnets are physicaily solated within the respective magnet-isolating cavity
from the fluid flow, and the at least one louvered channel defining a flow path that 1s angled
relative to the fluid How opening of the frame;
assembling the modular filter by magnetically attaching one of the mounting surfaces
of a filter element to an adjacent filter element;
inserting the modular filter mto the thud tank such that another one of the mounting
surfaces of at least one filter element ts magnetically secured to an inner surface of the ferrous
metal housing and such that at least a portion of the fluid passing from the tlud mput to the

fluid output passes through the flud flow opening.

20. The method of claim 19, wherein the permanent magnets are rare earth magnets.
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FIG. 7C
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