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FILTER SHELLS WITH MOUNTED HEATERS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Utility Model Application No.
201620172460.7, entitled “FILTER SHELLS WITH MOUNTED HEATERS,” filed on March

7, 2016, which is herein incorporated by reference in its entirety and for all purposes.

TECHNICAL FIELD
[0002] The present disclosure relates to fluid filtration systems for internal combustion
engines.
BACKGROUND

[0003] In various conventional fluid filtration systems, heat is applied to a flow of fluid
passing through a filtration cartridge. The filtration cartridge may be disposed within a shell
housing that in turn is coupled to a fluid filtration system. As such, fuel from a fuel reservoir
may flow to the fluid filtration system, down and through the filtration cartridge in the shell, up
and out of the filtration cartridge, and on to an internal combustion engine for ignition. Heat
may be used to facilitate various processes relating to a given type of fluid. For example, heat
may be used to facilitate removal of water from fuel flowing through the fuel filtration system.
Additionally, in cold temperature applications, the low temperature of fuel in the fuel reservoir
may lead to the formation of wax and cause ice to accumulate at bottom of the shell, thereby

increasing fuel restriction. This restriction may be reduced by heating the fuel.
SUMMARY

[0004] One embodiment relates a heated filter shell assembly for a fuel filtration system.
The assembly includes a filter shell defining a cavity sized to accommodate at least a portion of
a fluid filtration cartridge and a cartridge receiving aperture at a first end. The assembly further
includes a heating element disposed within the cavity and operatively coupled to the filter shell

adjacent to a second end of the filter shell. The assembly includes a feed wire operatively
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coupled to the heating element at a feed wire first end and configured for electrical energy

receiving communication with an energy source at a feed wire second end.

[0005] Another embodiment relates to an internal combustion assembly. The assembly
includes a fuel reservoir configured to store a quantity of fuel. The assembly further includes a
fuel filtration system in fluid receiving communication with the fuel reservoir. The system
includes a fuel filtration cartridge. The system further includes a filter shell defining a cavity
sized to accommodate at least a portion of the fuel filtration cartridge and a cartridge receiving
aperture at a first end. The system includes a heating element disposed within the cavity and
operatively coupled to the filter shell adjacent to a second end of the filter shell. The system
further includes a feed wire operatively coupled to the heating element at a feed wire first end
and configured for electrical energy receiving communication with an energy source at a feed
wire second end. The assembly includes an internal combustion engine in fluid receiving

communication with the fuel filtration system.

[0006] Yet another embodiment relates to a fuel filtration system in fluid communication
with a fuel reservoir. The system includes a fuel filtration cartridge and a filter shell defining a
cavity sized to accommodate at least a portion of the fuel filtration cartridge and a cartridge
receiving aperture at a first end. The system further includes a heating element disposed within
the cavity and operatively coupled to the filter shell adjacent to a second end of the filter shell.
The system includes a feed wire operatively coupled to the heating element at a feed wire first
end and configured for electrical energy receiving communication with an energy source at a

feed wire second end.

[0007] A further embodiment relates to a method. The method includes providing a filter
shell. The filter shell defining a cavity sized to accommodate at least a portion of a filtration
cartridge. The method further includes securing a feed wire to the filter shell. The feed wire
passes through an aperture in the filter shell. The method includes connecting an electronics
package to a first end of the feed wire. The method further includes connecting a heating
element to the electronics package, wherein the heating element is positioned in the cavity of

the filter shell. The method includes installing the filtration cartridge in the cavity.
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[0008] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein. In
particular, all combinations of claimed subject matter appearing at the end of this disclosure are

contemplated as being part of the inventive subject matter disclosed herein.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The skilled artisan will understand that the drawings primarily are for illustrative
purposes and are not intended to limit the scope of the subject matter described herein. The
drawings are not necessarily to scale; in some instances, various aspects of the subject matter
disclosed herein may be shown exaggerated or enlarged in the drawings to facilitate an
understanding of different features. In the drawings, like reference characters generally refer to

like features (e.g., functionally similar and/or structurally similar elements).

[0010] FIG. 1A shows an external side view of a heated filter shell assembly, according to

an example embodiment.

[0011] FIG. 1B shows a cross-sectional side view of the heated filter shell assembly of FIG.
1A.

[0012] FIG. 1C shows a cross-sectional side view of a bottom portion of the heated filter
shell assembly of FIG. 1A.

[0013] FIG. 1D shows a cross-sectional top-down view of the bottom portion of the heated
filter shell assembly of FIG. 1A.

[0014] FIG. 2 shows a flow diagram of a method of assembling and installing a filtration

cartridge having a heating element according to an example embodiment.

[0015] The features and advantages of the inventive concepts disclosed herein will become
more apparent from the detailed description set forth below when taken in conjunction with the

drawings.
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DETAILED DESCRIPTION

[0016] Following below are more detailed descriptions of various concepts related to, and
embodiments of, inventive heated fluid filter shells for internal combustion engines. It should
be appreciated that various concepts introduced above and discussed in greater detail below
may be implemented in any of numerous ways, as the disclosed concepts are not limited to any
particular manner of implementation. Examples of specific implementations and applications

are provided primarily for illustrative purposes.

[0017] Referring to FIGS. 1A and 1B, a first view 100 shows an exterior view of a heated
filter shell assembly 101, and a second view 110 shows a cross-sectional view of the heated
filter shell assembly 101. The heated filter shell assembly 101 includes a filter shell 102, which
comprises a protective housing defining a cartridge receiving aperture at an open top end 105
leading to a corresponding cavity into which a fluid filtration cartridge 111 may be disposed.
The filter shell 102 may be made up of any of various types of heat resistant materials. The
particular material to be used may also be selected for resistance to fluid-related damage such
as corrosion or rust (e.g., plastics, stainless steel, rubber coated materials, etc.). The filter shell
102 includes a coupling portion 104 at the open top end 105 (e.g., annular threads) and a feed

wire 103 disposed through an aperture at a corresponding closed bottom end 106.

[0018] The filtration cartridge 111 may be used to filter and remove particulate and other
undesirable types of matter from a fluid used by an associated internal combustion engine. The
filtration cartridge 111 may include filtration media, for example, paper-based filter media,
fiber-based filter media, foam-based filter media, and so on. In some arrangements, the
filtration cartridge 111 may be used to filter particulate debris from diesel or gasoline. In some
such arrangements, the filtration cartridge 111 may be disposed in fuel exchanging
communication with a fuel system of an internal combustion engine via a fuel filtration system,
such that fuel from a reservoir (e.g., a fuel tank housing unleaded or diesel fuel) is routed to and
through the filtration cartridge 111 within the filter shell 102 before being received at one or

more combustion chambers (e.g., cylinders of the internal combustion engine) for ignition.
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[0019] The coupling portion 104 includes one or more coupling features adjacent to the
cartridge aperture that are configured to removably engage complementary features (e.g.,
threading, clips, clamps, etc.) of a cap or a mounting portion of an associated fluid filtration
system. In operation, the filtration cartridge 111 may be disposed through the cartridge
aperture and into the cavity of the filter shell 102, and the filter shell 102 may then be coupled
to a cap or a mounting position of a filtration system via the coupling portion 104 (e.g., rotating
the filter shell 102 to engage complementary threads at the coupling portion 104 and the cap or

mounting portion).

[0020] The feed wire 103 i1s communicatively coupled to a heating element 112 at a feed
wire first end 113 and an energy source (e.g., a battery) at a feed wire second end 114. The
heating element 112 is disposed within the cavity towards the bottom end 106 of the filter shell
102, and 1s configured to convert electrical energy into thermal energy. The heating element
112 may be formed of any of a variety of heat conducting materials, including various metals
and alloys thereof. The heating element 112 may be structured in various ways, for example as
one or more panels, rods, coils, rings, etc. In some arrangements, the heating element 112
includes a positive temperature coefficient heater. When assembled, the filtration cartridge 111
is disposed above the heating element 112 within the cavity of the filter shell 102. In operation,
electrical energy provided by the energy source is communicated to the heating element 112 via
the feed wire 103, where the electrical energy is converted to thermal energy. The heating
element 112 communicates thermal energy to the filtration cartridge 111 within the filter shell
102 (e.g., via convection), thereby increasing the temperature of the filtration cartridge 111 and
any fluid contained therein. Heated fluid within the filtration cartridge 111 may begin to
circulate as a result of the application of heat, as higher temperature fluid rises within the

filtration cartridge 111 and lower temperature falls within the filtration cartridge 111.

[0021] Referring to FIG. 1C, a third view 120 is a cross-sectional side view of the bottom
end 106 of the heated filter shell assembly 101. The filter shell 102 may further define a feed
aperture 121 through which a portion of the of the feed wire 103 may be disposed. In some
arrangements, a proximal segment (i.e., toward the feed wire first end 113) of the feed wire 103

includes a locking portion 123. The locking portion 123 includes physical features configured
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to engage complementary features of a corresponding locking fastener 122 to secure the
position of the heating element 112 within the filter shell 102. In some arrangements, the
locking portion 123 and the locking fastener 122 include a permanent fastener configured to
permanently engage one another (e.g., where the locking portion 123 includes a set of threads
and the locking fastener 122 is a locking nut). In other arrangements, the locking fastener 122
is removable from the locking portion 123 (e.g., the locking fastener 122 may comprise a nut

and bolt, respectively).

[0022] In some arrangements, the heating element 112 and the feed wire 103 are coupled to
an electronics package 124 within the cavity of the filter shell 102. The electronics package
124 may include a housing for a processor and non-transient computer-readable media that
together provide a circuit configured to perform operations that include regulating temperature
within the filter shell 102. The electronics package 124 may be configured to selectively
provide the heating element 112 with energy received from the feed wire 103 to cause the
heating element 112 to distribute thermal energy within the cavity of the filter shell 102. In
various arrangements, the electronics package 124 may include a temperature sensor
configured to detect temperature conditions within the filter shell 102. In such arrangements,
the electronics package 124 may adjust the thermal output of the heating element 112 based on
temperature data received from the temperature sensor. As such, the electronics package 124
may be able to use the temperature sensor and the heating element 112 to maintain the
temperature within the filter shell 102 within desired ranges, despite fluctuations in fluid flow
volume and/or rate through the filtration cartridge 111. In other arrangements, the output of the
heating element 112 may be regulated by a computing device that is external from the filter

shell 102 (e.g., an engine control unit or other central controller on an associated vehicle).

[0023] FIG. 1D includes a fourth view 130 showing a top-down cross-sectional view of the
bottom end 106 of the heated filter shell assembly 101. As shown, the heating element 112
includes a first element 112a and a second element 112b extending from the electronics
package 124, which in turn is disposed off-center to a side of the bottom end 106 of the filter
shell 102. The electronics package 124 may be formed to position each heating element 112a,

112b to be parallel to each other and extend from opposite ends of the electronics package 124.
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The electronics package 124 may further position each heating element 112a, 112b to be at or
near the center point of the bottom end 106 of the filter shell 102. In some such arrangements,
the heating elements 112a, 112b are disposed on either side of and equidistant to a center point
of the bottom end 106 of the filter shell 102. As such, heat produced from the elements 112a,
112b may be distributed evenly or close to evenly across the bottom end 106 of the filter shell
102.

[0024] In some arrangements, a first pin 131 and a second pin 132 may be used to position
and secure the electronics package 124 during assembly. The pins 131, 132 are coupling
features configured to couple the housing of the electronics package to the filter shell 102 at a
location that disposes the heating elements 112a, 112b at desired locations in the cavity of the
filter shell 102. In some arrangements, each of the pins 131, 132 comprises a rod extension
disposed through the electronics package 124 and into the filter shell 102. As such, the pins
131, 132 may keep the electronics package 124 and the heating elements 112a, 112b in position
while the locking fastener 122 is coupled to the locking portion 123. For example, where the
locking fastener 122 is a nut and the locking portion 123 includes threads, the pins 131, 132
may allow the electronics package 124 to resist twisting movements communicated by the

rotation and tightening of the nut on the threads.

[0025] In operation, the heated filter shell assembly 101 is assembled to position the
heating elements 112a, 112b at a position below the filtration cartridge 111 within the shell
102. In one arrangement, the electronics package 124 may be pre-coupled to the heating
elements 112a, 112b and the feed wire 103. The feed wire second end 114 may be threaded
into the open top end 105 of the shell 102, into the cavity, and out the feed aperture 121 at the
bottom end 106 of the shell 102. The feed wire 103 may be pulled through the feed aperture
121 until the electronics package 124 at the proximal end of the feed wire 103 is positioned at
the bottom end 106 of the shell 102. In another arrangement, the feed wire 103 is initially
uncoupled from the electronics package 124. The feed wire first end 113 may be threaded into
the cavity through the feed aperture 121 at the bottom end 106 of the shell 102. The electronics
package 124 and the heating elements 112a, 112b may be disposed into the open top end 105 of
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the shell 102, into the cavity, and then coupled to the feed wire first end 113. The electronics
package 124 may then be positioned in the bottom end 106 of the shell 102.

[0026] Once the electronics package 124 is positioned in the bottom end 106 of the shell
102, pins 131, 132 may be used to secure the electronics package 124 in position. The pins
131, 132 may be disposed through a housing portion of the electronics package 124 and into
the shell 102. The locking fastener 122 may then be coupled to the locking portion 123 of the
feed wire 103 to permanently or removably secure the electronics package 124 in place. The
filtration cartridge 111 may then be inserted into the open top end 105 of the shell 102 and

disposed at a position above the heating elements 112a, 112b.

[0027] The shell 102 may then be coupled to a cap or a mounting position of the associated
filtration system via the coupling portion 104. In operation, and in accordance with one
arrangement, fuel from a fuel reservoir may flow into the filtration cartridge 111, where
particulate and other undesirable matter is removed. While disposed in the filtration cartridge,
fuel is also exposed to thermal energy provided by the heating elements 112a, 112b, and as
such, the temperature of the fuel is increased. In various arrangements, the fuel may be heated
to facilitate removal of water from the fuel, and/or to facilitate subsequent combustion at an
associated internal combustion engine. Heated and filtered fuel then flows out of the filtration

cartridge 111 and downstream towards the internal combustion engine.

[0028] Referring to FIG. 2, a flow diagram of a method 200 of assembling and installing
the filter shell assembly 101 is shown according to an example embodiment. The method 200
begins when the filter shell 102 is provided at 202. The feed wire 103 is secured to the filter
shell 102 at 204. The feed wire 103 is secured to the filter shell 102 such that the feed wire 103
extends from the exterior of the filter shell 102, through the feed aperture 121 in the closed
bottom end 106 of the filter shell 102, and into a central compartment within the filter shell
102. The feed wire 103 may be secured to the filter shell 102 with a locking fastener 122 that
engages a locking portion 123 of the feed wire 103 (e.g., through meshing threads). The
electronics package 124 is connected to the feed wire 103 at 206. The electronics package 124
is communicatively coupled to the feed wire first end 113. In some arrangements, the

electronics package 124 is preprogrammed to control the heating element 112 during filtration



WO 2017/153879 PCT/IB2017/051263

operation. In other arrangements, the electronics package 124 is programmed after connecting
the electronics package 124 to the feed wire 103. The heating element(s) 112 are connected to
the electronics package 124 at 208. In some arrangements, the heating element 112 includes a
single heating element or a plurality of heating elements. The heating element is configured to
convert electrical energy received from the electronics package 124 (via the feed wire) into
thermal energy. The heating element(s) 112 and the electronics package 124 are adjusted to a
proper position within the filter shell 102 at 210. The electronics package 124 may be adjusted
along the pins 131 and 132 to position the heating element 112 in the appropriate position
within the filter shell 102. The filter cartridge 111 is installed into the filter shell 102 at 212.
The filter cartridge 111 is positioned into the central compartment within the filter shell 102
through the open top end 105.

[0029] After the filter cartridge is positioned into the central compartment within the filter
shell 102, the filter shell assembly 101 is assembled. The assembled filter shell assembly 101
is installed onto a filtration system at 214. The filter shell assembly 101 is secured to the
filtration system through the coupling portion 104 of the filter shell 102 (e.g., through a
threaded connection). In some arrangements, a cap is fitted over the open top end 105 prior to
securing the filter shell assembly 101 to the filtration system. The feed wire 103 is connected
to a power supply at 216. The feed wire second end 114, which is exposed on an exterior of the
filter shell 102, is connected to a power source, such as a battery or power system associated
with the filtration system. Fluid, such as fuel (e.g., gasoline, diesel, etc.), lubricant, hydraulic
fluid, or the like, can then be filtered through the filtration system and through the filter
cartridge within the filter shell assembly 101. As the fluid is filtered through the filtration
system, the heating element 112 selectively applies heat to the fluid as it passes through the
filter shell assembly 101.

[0030] For the purpose of this disclosure, the terms “coupled” and “engaged” means the
joining of two members directly or indirectly to one another. Such joining may be stationary or
moveable in nature. Such joining may be achieved with the two members or the two members
and any additional intermediate members being integrally formed as a single unitary body with

one another or with the two members or the two members and any additional intermediate
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members being attached to one another. Such joining may be permanent in nature or may be

removable or releasable in nature.

[0031] It should be noted that the orientation of various elements may differ according to
other exemplary embodiments, and that such variations are intended to be encompassed by the
present disclosure. It is recognized that features of the disclosed embodiments can be

incorporated into other disclosed embodiments.

[0032] It is important to note that the constructions and arrangements of apparatuses or the
components thereof as shown in the various exemplary embodiments are illustrative only.
Although only a few embodiments have been described in detail in this disclosure, those skilled
in the art who review this disclosure will readily appreciate that many modifications are
possible (e.g., variations in sizes, dimensions, structures, shapes and proportions of the various
elements, values of parameters, mounting arrangements, use of materials, colors, orientations,
etc.) without materially departing from the novel teachings and advantages of the subject matter
disclosed. For example, elements shown as integrally formed may be constructed of multiple
parts or elements, the position of elements may be reversed or otherwise varied, and the nature
or number of discrete elements or positions may be altered or varied. The order or sequence of
any process or method steps may be varied or re-sequenced according to alternative
embodiments. Other substitutions, modifications, changes and omissions may also be made in
the design, operating conditions and arrangement of the various exemplary embodiments

without departing from the scope of the present disclosure.

[0033] While various inventive embodiments have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other mechanisms and/or
structures for performing the function and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations and/or modifications is deemed to be
within the scope of the inventive embodiments described herein. More generally, those skilled
in the art will readily appreciate that, unless otherwise noted, any parameters, dimensions,
materials, and configurations described herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configurations will depend upon the specific

application or applications for which the inventive teachings is/are used. Those skilled in the
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art will recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific inventive embodiments described herein. It is, therefore, to be
understood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents thereto, inventive embodiments may
be practiced otherwise than as specifically described and claimed. Inventive embodiments of
the present disclosure are directed to each individual feature, system, article, material, kit,
and/or method described herein. In addition, any combination of two or more such features,
systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials,
kits, and/or methods are not mutually inconsistent, is included within the inventive scope of the

present disclosure.

[0034] The claims should not be read as limited to the described order or elements unless
stated to that effect. It should be understood that various changes in form and detail may be
made by one of ordinary skill in the art without departing from the spirit and scope of the
appended claims. All embodiments that come within the spirit and scope of the following

claims and equivalents thereto are claimed.
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CLAIMS

1. A heated filter shell assembly for a fuel filtration system, the heated filter shell
assembly comprising:

a filter shell defining a cavity sized to accommodate at least a portion of a fluid
filtration cartridge and a cartridge receiving aperture at a first end;

a heating element disposed within the cavity and operatively coupled to the filter shell
adjacent to a second end of the filter shell; and

a feed wire operatively coupled to the heating element at a feed wire first end and
configured for electrical energy receiving communication with an energy source at a feed wire

second end.

2. The heated filter shell assembly of claim 1, wherein the heating element comprises a

plurality of heating elements.

3. The heated filter shell assembly of claim 1, wherein the heating element is disposed

adjacent to a center point at the second end of the filter shell.

4. The heated filter shell assembly of claim 1, further comprising a locking fastener
engaged to a locking portion disposed toward the feed wire first end, wherein the engagement
of the locking fastener to the locking portion secures the coupling of the heating element to the

filter shell.

S. The heated filter shell assembly of claim 4, wherein the locking fastener comprises a

permanent fastener.

6. The heated filter shell assembly of claim 4, further comprising at least one pin
operatively coupling the heating element to the filter shell, the at least one pin positioning the
heating element at a central position in the filter shell prior to the engagement of the locking

fastener to the locking portion.

7. The heated filter shell assembly of claim 1, wherein thermal output of the heating

element is regulated by a central controller of an associated internal combustion engine.
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8. The heated filter shell assembly of claim 7, further comprising a temperature sensor
disposed within the cavity and operatively coupled to the feed wire, the temperature sensor

configured to provide temperature data to the central controller.

9. The heated filter shell assembly of claim 1, further comprising an electronics package
operatively coupled to the heating element and the feed wire, the electronics package

configured to regulate the thermal output of the heating element.

10. The heated filter shell assembly of claim 9, further comprising a temperature sensor
exposed to the cavity and operatively coupled to the electronics package, wherein the
electronics package is further configured to receive temperature data from the temperature

sensor and adjust the thermal output of the heating element based on the temperature data.

11. The heated filter shell assembly of claim 2, wherein the heating element is disposed

adjacent to a center point at the second end of the filter shell.

12. The heated filter shell assembly of claim 11, further comprising a locking fastener
engaged to a locking portion disposed toward the feed wire first end, wherein the engagement
of the locking fastener to the locking portion secures the coupling of the heating element to the

filter shell.

13. The heated filter shell assembly of claim 12, wherein the locking fastener comprises a

permanent fastener.

14. The heated filter shell assembly of claim 12, further comprising at least one pin
operatively coupling the heating element to the filter shell, the at least one pin positioning the
heating element at a central position in the filter shell prior to the engagement of the locking

fastener to the locking portion.

15. The heated filter shell assembly of claim 14, wherein thermal output of the heating

element is regulated by a central controller of an associated internal combustion engine.



WO 2017/153879 PCT/IB2017/051263
14

16. The heated filter shell assembly of claim 15, wherein a temperature sensor is disposed
within the cavity and operatively coupled to the feed wire, the temperature sensor configured to

provide temperature data to the central controller.

17. The heated filter shell assembly of claim 14, further comprising an electronics package
operatively coupled to the heating element and the feed wire, the electronics package

configured to regulate the thermal output of the heating element.

18. The heated filter shell assembly of claim 15, further comprising a temperature sensor
exposed to the cavity and operatively coupled to the electronics package, wherein the
electronics package is further configured to receive temperature data from the temperature

sensor and adjust the thermal output of the heating element based on the temperature data.

19. An internal combustion assembly comprising:
a fuel reservoir configured to store a quantity of fuel;
a fuel filtration system in fluid receiving communication with the fuel reservoir and
comprising;
a fuel filtration cartridge;
a filter shell defining a cavity sized to accommodate at least a portion of the fuel
filtration cartridge and a cartridge receiving aperture at a first end;
a heating element disposed within the cavity and operatively coupled to the filter
shell adjacent to a second end of the filter shell; and
a feed wire operatively coupled to the heating element at a feed wire first end
and configured for electrical energy receiving communication with an
energy source at a feed wire second end; and
an internal combustion engine in fluid receiving communication with the fuel filtration

system.

20. The internal combustion assembly of claim 19, further comprising a locking fastener
engaged to a locking portion disposed toward the feed wire first end, wherein the engagement
of the locking fastener to the locking portion secures the coupling of the heating element to the

filter shell;
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21. The internal combustion assembly of claim 20, further comprising at least one pin
operatively coupling the heating element to the filter shell, the at least one pin positioning the
heating element at a central position in the filter shell prior to the engagement of the locking

fastener to the locking portion.

22. The internal combustion assembly of claim 19, wherein thermal output of the heating

element is regulated by a central controller of the internal combustion engine.

23. The internal combustion assembly of claim 22, further comprising a temperature sensor
disposed within the cavity and operatively coupled to the feed wire, the temperature sensor

configured to provide temperature data to the central controller.

24, The internal combustion assembly of claim 19, further comprising an electronics
package operatively coupled to the heating element and the feed wire, the electronics package

configured to regulate the thermal output of the heating element.

25. The internal combustion assembly of claim 24, further comprising a temperature sensor
exposed to the cavity and operatively coupled to the electronics package, wherein the
electronics package is further configured to receive temperature data from the temperature

sensor and adjust the thermal output of the heating element based on the temperature data.

26. A fuel filtration system in fluid communication with a fuel reservoir, comprising:

a fuel filtration cartridge;

a filter shell defining a cavity sized to accommodate at least a portion of the fuel
filtration cartridge and a cartridge receiving aperture at a first end;

a heating element disposed within the cavity and operatively coupled to the filter shell
adjacent to a second end of the filter shell; and

a feed wire operatively coupled to the heating element at a feed wire first end and
configured for electrical energy receiving communication with an energy source at a feed wire

second end.

27. The fuel filtration system of claim 26, wherein the heating element comprises a plurality

of heating elements.
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28. The fuel filtration system of claim 26, wherein the heating element is disposed adjacent

to a center point at the second end of the filter shell.

29. The fuel filtration system of claim 26, further comprising a locking fastener engaged to
a locking portion disposed toward the feed wire first end, wherein the engagement of the
locking fastener to the locking portion secures the coupling of the heating element to the filter

shell;

30. The fuel filtration system of claim 29, further comprising at least one pin operatively
coupling the heating element to the filter shell, the at least one pin positioning the heating
element at a central position in the filter shell prior to the engagement of the locking fastener to

the locking portion.

31. The fuel filtration system of claim 26, further comprising an electronics package
operatively coupled to the heating element and the feed wire, the electronics package

configured to regulate the thermal output of the heating element.

32. The fuel filtration system of claim 31, further comprising a temperature sensor exposed
to the cavity and operatively coupled to the electronics package, wherein the electronics
package i1s further configured to receive temperature data from the temperature sensor and

adjust the thermal output of the heating element based on the temperature data.

33. A method comprising:

providing a filter shell, the filter shell defining a cavity sized to accommodate at least a
portion of a filtration cartridge;

securing a feed wire to the filter shell, wherein the feed wire passes through an aperture
in the filter shell;

connecting an electronics package to a first end of the feed wire;

connecting a heating element to the electronics package, wherein the heating element is
positioned in the cavity of the filter shell; and

installing the filtration cartridge in the cavity.
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34. The method of claim 33, further comprising adjusting a position of the heating element

within the cavity of the filter shell.

35. The method of claim 33, further comprising installing the filter shell onto a filtration

system.

36. The method of claim 35, further comprising filtering a fluid through the filtration
cartridge.

37. The method of claim 35, further comprising heating a fluid passing through the filter
shell by the heating element.

38. The method of claim 33, further comprising connecting a power source to a second end

of the feed wire.



PCT/IB2017/051263

WO 2017/153879

1/3

dl 9OI4 V1 9OI4

€oL
/E\m: j.fmo_
AR ¥ E,

el
o
| 1 1 I .\\.NO_.
zZol §
S N—LLL
|
lﬂ | | |
L - I 1h 1401
ol el ] _ 0L
o L _J L 0L
AN
AN H 00L
oLL oL



WO 2017/153879 PCT/IB2017/051263
2/3

)]
—
—l
L
N
=
8/
@,
—
O
—
L
§\




WO 2017/153879 PCT/IB2017/051263
3/3

200
Ty

202
Provide the filter shell

L

Secure the feed wire to the filter shell

'

Connect electronics package to the feed wire

L

Connect heating element(s} to the electronics
package

L

Adjust heating element(s) and electronics package
positioning within the filter shell

L

Install the filter cartridge mto the filter shell

L

Install the assembled filter shell assembly into a
filtration system

L

Connect a power supply to the feed wire

»)
[
K

e

NI
&
(@2

208

210

2
"
2

)
et
e

2
"
N

D R R T D

FI1G. 2



INTERNATIONAL SEARCH REPORT

International application No.
PCT/IB2017/051263

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - FO2M 37/22; BO1D 35/00; BO1D 35/18; FO2M
CPC -

FO2M 37/22; FO2M 37/221 (2017.05)

31/02; FO2M 31/12; FO2M 31/125 (2017.01)

F02M 37/223; BO1D 35/00; BO1D 35/18; BO1D 35/185; FO2M 31/02; F02M 31/12; FO2M 31/125;

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 123/557; 210/149; 210/184; 210/185 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the ﬁe[ds searched

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/0160749 A1 (GIROND!) 28 June 2012 (28.06.2012) entire document :13-14 372 12,19, 20, 22-29,
;. 5-6 13-18, 21, 30, 33-38
Y US 5,753,111 A (PATTON et al) 19 May 1998 (19.05.1998) entire document 5,13
Y US 6,353,708 B1 (REUSCHE et a!) 05 March 2002 (05.03.2002) entire document 6, 14-18, 21,30
Y US 4,580,542 A (KAWABATA) 08 April 1986 (08.04.1986) entire document 33-38
A US 4,836,923 A (POPOFF et al) 06 June 1989 (06.06.1989) entire document 1-38
A US 5,547,565 A (BIERE et al) 20 August 1996 (20.08.1996) entire document 1-38
A US 2013/0146032 A1 (ZHOU et al) 13 June 2013 (13.06.2013) entire document 1-38

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published priur lo the international filing datc but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&"  document inember of the same patent family

Date of the actual completion of the international search

22 May 2017

Date of mailing of the international search report

06 JUN 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report

