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difterent sizes. The adapter may detachably connect to the end of the filter or may
be permanently connected to the end of the filter. The filter may be a spin-on filter.
The adapter may include a first connecting portion that connects to the filter and a
second connecting portion that connects to the bowl. The adapter may further in-
clude a basin having a plurality of bypass passages that allows the separated water
to flow from the filter to the bowl.
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ADAPTER FOR A FILTER ASSEMBLY

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] The present application claims the benefit of priority to U.S. Provisional Patent
Application No. 62/275,447, filed January 6, 2016, the contents of which are incorporated

herein by reference in its entirety.
TECHNICAL FIELD

[0002] The present application relates generally to fluid filtration systems. More particularly,

the present application relates to fuel water separator filter assemblies.
BACKGROUND

[0003] Fuel water separator (FWS) filter assemblies are often utilized to separate emulsified
water from fuel, such as diesel fuel, prior to supplying the fuel to an engine of a motor vehicle.
In conventional FWS filters, such as that shown in FIG. 1, the filter assembly 10 generally
includes a head 12, a filter 14, and a bowl 20. The head 12 is attached to the filter 14 at a first
end, while the bowl 20 is attached to the filter 14 at a second end substantially opposite the first
end. The filter 14 includes a shell 16 and a filter element 30 disposed within the shell 16. The
filter element 30 includes filtration media 32, which circumferentially surrounds a center tube
34 that allows fluid to flow in or out of the filter element 30. The head 12 includes a fluid inlet
and a fluid outlet to allow fluid to flow into and out of the filter element 30. The filter element
30 is configured to separate water from the fuel flowing through the filter assembly 10.
Separated water is allowed to coalesce and drop into the bowl 20, which includes a drain outlet

22 for removing separated water from the filter assembly 10.

[0004] As shown in FIG. 1, the filter 14 may be a spin-on filter that is configured for a
rotatable and detachable connection to the head 12 and/or bowl 20, such as by threaded

connections. As shown in FIG. 1, the filter 14 is directly coupled to the bowl 20 by a threaded
1
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connection 18. Due to this direct connection, the filter 14 typically must be of a certain type
and/or size in order to reliably connect to the head 12 and/or bowl 20. If, however, a user
desires to connect a different type and/or size of filter, the user is unable to connect the filter to
the head and/or bowl. As such, when a different type of filter is needed, the user must also
replace the head and/or bowl of the filter assembly in order to use the filter reliably, thereby

increasing costs when switching assembly parts.

SUMMARY

[0005] Various embodiments provide for a fuel water separator filter having a filter that
separates water from a fuel and an adapter having a first end connected to an end of the filter.
A second end of the adapter is configured to detachably connect the filter to a plurality of
bowls having different sizes. The adapter may detachably connect to the end of the filter or
may be permanently connected to the end of the filter. The filter may comprise a spin-on filter.
The adapter may include a first connecting portion that connects to the filter and a second
connecting portion that connects to the bowl. The adapter may further include a basin having a

plurality of bypass passages that allow the separated water to flow from the filter to the bowl.

[0006] Further embodiments provide for an adapter for a fluid water separator filter assembly,
comprising a first connecting portion, a second connecting portion, and a basis. The first
connecting portion is configured to connect to a filter, the filter configured to separate water
from a fluid. The second connecting portion is configured to connect to a bowl, the bowl
configured to hold separated water from the filter. The basin has a plurality of bypass passages

that allow the separated water to flow from the filter to the bowl.

[0007] Still further embodiments provide for a filter assembly, comprising a filter configured to
separate water from a fluid; a bowl configured to hold separated water from the filter; and an
adapter. The adapter comprises a first connecting portion connected to the filter at an end; a
second connecting portion connected to the bowl at an end; and a basin portion having a
plurality of bypass passages that allow the separated water to flow from the filter to the bowl.

2
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[0008] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in
conjunction with the accompanying drawings, wherein like elements have like numerals

throughout the several drawings described below.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a cross-sectional view of a conventional fuel water separator filter assembly.

[0010] FIG. 2 is a cross-sectional view of a fuel water separator filter assembly, according to

an example embodiment.
[0011] FIG. 3 is a detailed, sectional view of the fuel water separator filter assembly of FIG. 2.
[0012] FIG. 4 is an exploded view of the fuel water separator filter assembly of FIG. 2.

[0013] FIGS. SA-5C are perspective views of an adapter for the fuel water separator filter
assembly of FIG. 2.

[0014] FIG. 6 is a cross-sectional view showing a flow path for the fuel water separator filter

assembly of FIG. 2.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0015] Various example embodiments provide for a filter assembly configured to adapt to
various bowl connections, without affecting the overall functionality and performance of the
filter assembly. In particular embodiments, an adapter is provided that allows a user to connect

a non-conventional filter onto a conventional bowl of the filter assembly.

[0016] FIG. 2 shows a filter assembly 100 according to an example embodiment. In the
embodiment shown in FIG. 2, the filter assembly 100 is a fuel filter for the filtration of fuel.

However, the filter 100 is not limited to the filtration of fuel and may be used for the filtration
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of other fluids, such as lube, oil, air, or the like. In addition, in the embodiment shown in FIG.
2, the filter assembly 100 is configured as a FWS filter assembly. The FWS filter assembly
may be configured to remove water contained in a fuel, such as a diesel fuel, before the fuel is
introduced into an engine, such as a diesel engine. However, the filter 100 is not limited to the
separation of water from fuel and may be configured to separate water from other fluids, such
as oil, lube, air, or the like. In addition, the filter assembly 100 is not limited to an FWS filter
and may be alternatively configured to function as different types of filters, including, but not

limited to, suction side filters.

[0017] As shown in FIG. 2, the filter assembly 100 includes a head 112, a filter 114, an adapter
150, and a bowl or reservoir 120. The head 112 is coupled to a first end of the filter 114 via
any appropriate connection such as, for example, threaded, welded, or snap-fit connections.
The head 112 includes a fluid inlet, which allows a fluid to be filtered to flow into the filter
114, and a fluid outlet, which allows a filtered fluid to flow out of the filter 114.

[0018] The filter 114, as shown in FIG. 2, may comprise a spin-on filter that includes an outer
shell or housing 116 and a filter element 130. The filter element 130 includes a filtration media
132 that is configured to filter the fluid. The filter media 132 may comprise any appropriate
filtration media, such as a pleated filter media or a hydrophobic screen filter. Disposed within
the center of the filtration media 132 may be a center tube 134. The center tube 134 may be
configured to support the filtration media 132 and/or allow the flow of fluid through the
filtration media 134.

[0019] As shown in FIGS. 2 and 3, the bowl 120 is coupled to a second end of the filter 114,
which is substantially opposite the first end, via the adapter 150, which is described in more
detail below. The bowl 120 is configured to receive and house water that has been separated
from the fluid flowing through the filter 114 in an interior space 125. In particular
embodiments, the bowl 120 is formed of a clear or translucent material such that a user may
view the contents contained within the interior 125 of the bowl 120. In this manner, the user
may view the level of the water that is present in the bowl 120 at a given time. In addition, the

bowl 120 may be shaped according to any desired configuration. For example, in the example

4
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embodiment shown in FIG. 2, the bowl 120 has a dome-like shape. In other embodiments, the

bowl 120 may have a rectangular or cylindrical shape.

[0020] The bowl 120 may further include a drain outlet 122, which allows water collected in
the interior 125 of the bowl 120 to be drained from the filter assembly 100, and a water-in-fuel
(WIF) sensor 124, which senses a level of the water present in the interior 125 of the bowl 120.
The WIF sensor 124 may be configured to communicate the level of water present in the
interior 125 with a control unit (not shown), such as a vehicle’s engine control module (ECM).
The control unit may be further configured to control the opening and closing of the drain
outlet 122 to drain the bowl 120 when the interior 125 is sufficiently filled and/or to alert the

user of the need to drain the bowl 120.

[0021] As shown in greater detail in FIGS. 3-5C, the adapter 150 is configured to connect the
bowl 120 to the filter 114. On a filter side of the adapter 150 (i.e., the portion of the adapter
closest to the filter 114), the adapter 150 is configured to couple to a spin-on connecting portion
180 of the filter 114 via an inner connecting portion 154. As shown in FIGS. 3 and 4, the inner
connecting portion 154 is substantially cylindrical in shape and is centrally located within a
first outer basin 160. In addition, the inner connecting portion 154 extends axially outward
from a bottom surface of the first outer basin 160, described in more detail below, toward the
filter 114. The spin-on connecting portion 180 may comprise a secondary adapter for
connection to parts of one type of filter assembly, but is of a type that cannot connect to the
bowl 120 directly. As shown in the figures, this may be due to, for example, the filter 114
having a smaller diameter than the bowl 120 so as to prevent connection between the filter 114
and the bowl 120 and/or provide sufficient sealing between the filter 114 and the bowl 120. In
addition, the configuration of the spin-on connecting portion 180 may prevent connection of the
filter 114 to the bowl 120 due to different types of connecting mechanisms (e.g., two female
threaded connections). The spin-on connection portion may also be integrally formed with an

endcap of the filter 114, or it may comprise a separate component (as shown in FIGS. 2-6).

[0022] The spin-on connecting portion 180 is coupled to the shell 116 of the filter 114 by a

flange 183, which abuts a filter side surface of a radially inward-extending edge of the shell

5
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116 (as shown in FIG. 4) and may be fixed to the shell 116 via an adhesive or the like. The
spin-on connecting portion 180 may further include, on a filter side thereof, an inner protrusion
element 184 having an inner well 185. The inner protrusion element 184 extends axially
outward toward the filter element 130 and is coupled to the center tube 134 and/or the center of
the filtration media 132 via an endcap 136 of the filter element 130, as shown in FIG. 3. The
inner well 185 may be a groove that circumferentially extends along a filter side end of the
inner protrusion element 184. As shown in FIG. 4, a first seal 166 may be provided within the
inner well 185 in order to provide a liquid-tight connection between the spin-on connecting

portion 180 and the endcap 136 of the filter 114.

[0023] As further shown in FIGS. 3 and 4, the spin-on connecting portion 180 may include an
inner recess 182 on an adapter side thereof. The inner recess 182 is shaped substantially the
same as the inner connecting portion 154 so as to receive the inner connecting portion 154.

The inner recess 182 may include an inner peripheral surface having a female threaded
connection 181. In addition, the inner connecting portion 154 of the adapter 150 may include
an outer peripheral surface having a male threaded connection, which is configured to mate
with the female threaded connection 181 of the spin-on connecting portion 180. The
connection between the adapter 150 and the spin-on connecting portion 180, however, is not
particularly limited to a threaded connection and may be any other appropriate connection, such
as welding, adhesive, snap-fit connection, or the like. In addition, the adapter 150 may be
configured to be replaceable and/or detachable from the filter 114 or configured as a permanent

structure to the filter 114.

[0024] The filter side of the adapter 150 further includes an outer well 151. The outer well
151 extends circumferentially around the first outer basin 160 and includes an outer lip 151a
and an inner lip 151b. The outer lip 151a forms an outside circumferential surface of the
adapter 150 on the filter side thereof, while the inner lip 151b forms an inside circumferential
surface of the first outer basin 160, as shown in FIG. 5SB. In addition, as shown in FIG. 3, the
outer lip 151a is configured to extend further axially outward toward the filter 114 than the
inner lip 151b. The outer well 151 is configured to receive the shell 116 such that a bottom

surface of the shell 116 abuts a top surface of the inner lip 151b while an inner surface of the
6
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outer lip 151a is substantially flush with the outer peripheral surface of the shell 116. A second
seal 164, such as an O-ring, may also be provided in the outer well 151 between the outer lip
151a and the inner lip 151b in order to provide an additional liquid-tight seal between the shell
116 and the adapter 150. As shown in FIG. 5B, a plurality of first ribs 173 may be provided on
the outer peripheral surface of the outer lip 151a. The plurality of first ribs 173 may extend
from the outer surface peripheral surface of the outer lip 151a to an outer flange 153. The
plurality of first ribs 173 may provide additional reinforcement to the adapter 150 and increase

ease of handling during assembly.

[0025] As further shown in FIG. 4, the filter side of the adapter 150 further includes a second
inner basin 158 and the first outer basin 160. As shown in FIGS. 4 and 5B-5C, the second
inner basin 158 is formed at a top end of the inner connecting portion 154. The second inner
basin 158 may comprise a shallow recess in order to hold an adhesive, such as an epoxy,
acrylic, urethane, or the like, such that the threaded connection between the spin-on connecting
portion 180 and the adapter 150 may be further improved. In particular embodiments, the
second inner basin 158 includes a substantially flat, fully closed bottom surface
circumferentially surrounded by a raised rim in order to reliably hold the adhesive as the
adapter is installed and prevent contact of the adhesive with a tool during installation. As
shown in FIG. 5C, the inner connecting portion 154 may be provided with one or more vertical
slots 179. The vertical slots 179 extend axially along the outer peripheral surface of the inner
connecting portion 154 in the threaded connection such that the adhesive is allowed to flow
downward from the second inner basin 158 and into the threads of the inner connecting portion
154 to further ensure even application of the adhesive on the threaded connection between the

spin-on connecting portion 180 and the adapter 150.

[0026] To install the adapter 150 to the spin-on connecting portion 180, the adapter 150 may
include, on a bowl side thereof, a tool engagement feature 157, shown in FIG. SA. The tool
engagement feature 157 allows a tool to be placed within the tool engagement feature 157 in
order to engage the adapter 150 with the spin-on connection portion 180. As shown in FIG.
5A, the tool engagement feature 157 is centrally located on the adapter 150 and is formed as a

recess in the bottom surface of an inner concave portion 170 on the bowl side of the adapter
7
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150. In particular embodiments, the tool engagement feature 157 may be in the form of a
standard hex feature for mating with a standard hex tool. However, the shape of the tool
engagement feature 157 is not limited to a standard hex shape and may be configured to be, for
example, rectangular, oval, cross-ribbed, cross-slotted, or the like. As further shown in FIG.
5A, a plurality of second ribs 159 may be further provided along the inner periphery of an outer
connecting portion 152 on the bowl side of the adapter 150. The plurality of second ribs 159
extend from the inner peripheral surface of the outer connecting portion 152 to the bottom
surface of the inner concave portion 170. The plurality of second ribs 159 may provide
additional strength to the adapter 150 in order to prevent fracture or breaking during

installation.

[0027] As shown in FIGS. SA-5C, the first outer basin 160 may include a plurality of bypass
passages 171 formed along the bottom surface of the first outer basin 160. The bypass
passages 171 allow water separated by the filter 114 to flow through the adapter 150 into the
bowl 120. In particular embodiments, the bypass passages 171 may be formed as circular
orifices, but may be formed as other types of openings, such as rectangular, hex, oval, slotted
openings, or the like. The bottom surface of the first outer basin 160 may also be angled such
that separated water flowing through the adapter 150 is guided through the bypass passages
171. For example, as shown in FIGS. 5B-5C, an inner sloped portion 175 may be provided on
the bottom surface of the first outer basin 160. The inner sloped portion 175 circumferentially
surrounds the inner connecting portion 154 and extends downwardly toward the bottom surface
of the first outer basin 160 as the inner sloped portion 175 extends radially outward toward the
bypass passages 171. In addition, as shown in FIG. 4, the bottom surface of the first outer
basin 160 may be angled along an outer circumference of the bottom surface to form an outer
sloped portion 177. The outer sloped portion 177 extends radially outward from the inner lip
151b of the outer well 151 and downward at an angle toward the bottom surface of the first
outer basin 160 at which the bypass passages 171 are formed. Accordingly, separated water 1s
prevented from collecting in the adapter 150 and is instead reliably guided through the bypass
passages 171 of the adapter 150 and into the bowl 120 by the inner sloped portion 175 and the
outer sloped portion 177.
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[0028] On the bowl side of the adapter 150, the adapter 150 includes an outer connecting
portion 152. The outer connecting portion 152 forms an outside circumferential surface of the
adapter 150 on the bowl side thereof and the inner circumferential surface of the inner concave
portion 170. The outer connecting portion 152 is configured to detachably connect with an
inner surface of the bowl 120. In the example embodiment shown, the outer connecting portion
152 includes on its outer peripheral surface a male threaded connection. The inner surface of
the bowl 120 includes a female threaded connection 123, which is configured to mate with the
outer connecting portion 152. The connection between the adapter 150 and the bowl 120,
however, is not particularly limited to a threaded connection and may be any other appropriate

detachable connections, such as a snap-fit connection or the like.

[0029] The adapter 150 further includes the outer flange 153, which circumferentially
surrounds an outside of the adapter 150 and is located above the outer connecting portion 152
and below the outer well 151. In addition, when the adapter 150 is connected to the bowl 120,
the outer flange 153 is configured to be substantially flush with the top of an inner lip 127b of
the inner well 127 and the inside surface of an outer lip 127a of the inner well 127 formed
along the rim of the bowl 120. Disposed within the inner well 127 between the outer lip 127a
and the inner lip 127b may be a third seal 162, which may be an O-ring, such that a liquid-tight
connection between the bowl 120 and the adapter 150 may be provided. In particular
embodiments, the outer flange 153 extends radially outward further than an inner lip 127b of
the inner well 127 of the bowl 120 such that the bottom surface of the outer flange 153 provides
a sufficient axial sealing surface for the bowl 120. Moreover, by extending a sufficient length
radially outward, the outer flange 153 can provide a sufficient sealing surface to a variety of

different bowl sizes and types.

[0030] As further shown in FIGS. 3 and 4, the bowl side of the adapter 150 includes the inner
concave portion 170. The inner concave portion 170 is shaped and configured such that the
volume contained within the interior space 125 of the bowl 120 (e.g., the sump volume)
remains substantially the same as compared to when a filter of a type configured to directly
connect to the bowl 120 is used. Accordingly, the amount of water that can be held or reserved

by the interior space 125 of the bowl 120 remains unaffected even when a different type of
9
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filter is connected to the bowl 120 via the adapter 150. Moreover, the inner concave portion
170 is configured to provide sufficient clearance to prevent impeding the function of the drain

valve 122 and the WIF sensor 124 attached to the bowl 120.

[0031] FIG. 6 shows an example of a fluid flow process through the filter assembly 100. In the
particular embodiment shown in the figure, the filter 114 is configured to have an outside-to-
inside flow pattern, but may be alternatively configured to have an inside-to-outside flow
pattern. As shown in FIG. 6, fluid to be filtered 51 first enters the filter 114 though an inlet
contained in the head (not shown) into the filter element 130. The fluid then flows through the
filtration media 132. Impurities 56, in the form of contaminants and/or debris, are removed
from the fluid as it flows through the filtration media 32. At the same time, water is also
removed from the fluid in the filtration media. Water droplets 55 coalesce and fall downward
toward the bottom of the filter 114. Because of the bypass passages 171 formed in the adapter
150, the water droplets 55 flow through the adapter 150 and into the bowl 120. Moreover, due
to the inner sloped portion 175 and the outer sloped portion 177 contained within the first outer
basin 160 of the adapter 150, the water droplets 55 are guided through the bypass passages 171
into the bowl 120. Filtered fluid 52 flows out of the filtration media 130 into the center tube
134, where the filtered fluid 52 then flows upward and out of the filter 114 through an outlet
contained in the head (not shown). Separated water droplets 55, in turn, flow out of the bowl

120 through the drain outlet 122.

[0032] The adapter described herein provides a cost-effective solution that allows a user to use
the same type and/or size of filter with a variety of bowl sizes and types, while maintaining the
overall function and performance of the filter assembly and providing sufficient sealing to
prevent water or other impurities from entering the filter. In addition, the simple design of the
adapter may allow for easy installation onto the filter and the bowl, thereby further reducing
costs associated with installation. Moreover, the adapter is structurally stable such that a
sufficient connection is maintained between the filter and the bowl during use and over the

lifetime of the filter assembly.

10
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[0033] The term “coupled,” “connected,” and the like as used herein mean the joining of two
members directly or indirectly to one another. Such joining may be stationary (e.g., permanent)
or moveable (e.g., removable or releasable). 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 members being attached to one another.

29 CC

[0034] References herein to the positions of elements (e.g., “top,” “bottom,” “above,” “below,”
etc.) are merely used to describe the orientation of various elements in the figures. 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.

[0035] It is important to note that the construction and arrangement of the various example
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, various parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter described herein. 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 example embodiments without departing from the scope of the

concepts presented herein.

11
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WHAT IS CLAIMED IS:

1. A fuel water separator filter, comprising:
a filter configured to separate water from a fuel; and
an adapter having a first end connected to an end of the filter and a second end

configured to detachably connect the filter to a plurality of bowls having different sizes.

2. The fuel water separator filter of claim 1, wherein the adapter is detachably connected

to the end of the filter.

3. The fuel water separator filter of claim 1, wherein the adapter is permanently connected

to the end of the filter.

4. The fuel water separator filter of claim 1, wherein the filter comprises a spin-on filter.

5. An adapter for a fluid water separator filter assembly, comprising:

a first connecting portion configured to connect to a filter, the filter configured to
separate water from a fluid;

a second connecting portion configured to connect to a bowl, the bowl configured to
hold separated water from the filter; and

a basin having a plurality of bypass passages that allow the separated water to flow

from the filter to the bowl.

6. The adapter of claim 5, further comprising an outer well extending circumferentially
around the basin, the outer well including an inner lip that forms an inside circumferential
surface of the basin and an outer lip that forms an outside circumferential surface of the

adapter.

7. The adapter of claim 6, wherein the outer lip extends further axially outward than the

inner lip.

12
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8. The adapter of claim 6, further comprising an outer flange extending circumferentially

around the outside circumferential surface of the adapter.

0. The adapter of claim 8, further comprising a plurality of ribs extending from the outer

lip to the outer flange.

10. The adapter of claim 5, further comprising a second basin formed at a top end of the

first connecting portion, wherein the second basin comprises a shallow recess.

11.  The adapter of claim 10, further comprising one or more vertical slots extending axially

along an outer peripheral surface of the first connecting portion.

12. The adapter of claim 6, wherein the basin is provided on a filter side of the adapter.

13. The adapter of claim 12, further comprising:

an inner concave portion provided on a bowl side of the adapter; and

a tool engagement feature formed as a recess in a bottom surface of the inner concave

portion.
14. The adapter of claim 5, wherein the bypass passages are formed as circular orifices.
15. The adapter of claim 6, wherein the basin further comprises an inner sloped portion

circumferentially surrounding the first connecting portion and extending downwardly toward a
bottom surface of the basin as the inner sloped portion extends radially outward from the first

connecting portion.

13
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16. The adapter of claim 15, wherein the basin further comprises an outer sloped portion
extending radially outward from the inner lip and downward at an angle toward the bottom

surface of the basin.

17. A filter assembly, comprising:
a filter configured to separate water from a fluid,;
a bowl configured to hold separated water from the filter; and
an adapter comprising:
a first connecting portion connected to the filter at an end,;
a second connecting portion connected to the bowl at an end; and
a basin portion having a plurality of bypass passages that allow the separated

water to flow from the filter to the bowl.

18. The filter assembly of claim 17, wherein the adapter further comprises an outer well
extending circumferentially around the basin, the outer well including an inner lip that forms an
inside circumferential surface of the basin and an outer lip that forms an outside circumferential

surface of the adapter.

19. The filter assembly of claim 18, wherein a top surface of the inner lip abuts a bottom

surface of the filter.

20.  The filter assembly of claim 19, wherein an inner surface of the outer lip abuts an outer

peripheral surface of the filter.

14



WO 2017/120113 PCT/US2016/069446

1/6

12—

16~

30—

34—

FIG. |



WO 2017/120113 PCT/US2016/069446

2/6
»}) ’
— 112
_/
\
16—
132
130~ |
134—H
( ]
150
/4 AN
~T|
120 125
124—"1____ Ll
122

FIG. 2



WO 2017/120113 PCT/US2016/069446

3/6




WO 2017/120113 PCT/US2016/069446

4/6

166

FIG. 4



00000000000000000000000000000




WO 2017/120113 PCT/US2016/069446

6/6
y A \
\ N
A’” i
56— 0 6 1
° 0 14
0 ~
\ N
,\o b TT34
55’/0 °
\ / ) / 52
\ \
il
[SRS— T -

—175




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US16/69446

A.

IPC
CPC

CLASSIFICATION OF SUBJECT MATTER
- BO1D 27/00, 27/08, 29/13, 35/02 (2016.01)

- BO1D 27/00, 27/08, 29/0029, 29/13, 35/02, 35/306

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)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of 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 2008/0245719 A1 (BEARD, JH et al.) 09 October 2008; figures 3, 44-45, 59-62, 65, 67, 5,17
- paragraph {0071), [0073] (0112), [0120]-[0122], [0134], [0142], [0164] -
Y 1-4, 6-16, 18-20
Y US 6,206,090 B1 (RAGO, G) 27 March 2001; column 4, line 63 - column 5, line 8 1-4
4, 10-11, US 4,740,299 A (POPOFF, P et al) 26 April 1988; figures 6, 11; column 7, lines 37-52,
column 9, lines 50-55
Y US 4,502,955 A (SCHAUPP, RE) 05 March 1985; figure 1; column 3, lines 27-31 6-9, 12-13, 15-16, 18-20
Y US 2005/0056586 A1 (ROSS, GJ et al.) 17 March 2005; figures 5, 7; paragraphs [0012], [0035] |14
Y US 6,139,738 A (MAXWELL, MC) 31 October 2000; figures 2, 7; column 5, lines 25-45 13
Y US 2014/0021110 A1 (DAVCO TECHNOLOGY, LLC) 23 January 2014; figures 1-2; paragraphs | 15-16
[0049]-[0050]
US 2005/0161386 A1 (GUSTAFSON, MJ et al.) 28 July 2005; entire document 1-20
US 6,471,071 B1 (SHOAF, ME et al.} 29 October 2002; entire document 1-20
A US 5,244,571 A (CHURCH, JF et al.) 14 September 1993; entire document 1-20

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

I:l See patent family annex.

*

“A”
“«g”

wn

“«Qn

«p»

Special categories of cited documents:

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

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

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)

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

document published prior to the international filing date but later than
the priority date claimed

o

wyn

wy»

“&”

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

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

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 member of the same patent family

Date of the actual completion of the international search

14 February 2017 (14.02.2017)

Date of mailing of the international search report

27 MAR 2017

Name and mailing address of the ISA/

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

Facsimile No. 571-273-8300

Authorized officer

Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

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 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report

