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CARBON CANISTER WITH DIRECT CONNECT FUEL TANK ISOLATION VALVE

PRIORITY CLAIM
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No. 63/257,086, filed October 18, 2021, which is expressly incorporated

by reference herein.

BACKGROUND

[0002] The present disclosure relates to fuel tank vent valves, and particularly to
venting apparatus for regulating discharge of fuel vapor from a fuel tank and admission of
outside air into the fuel tank. More particularly, the present disclosure relates to a fuel tank
pressure regulator including a fuel tank vent valve.

[0003] Vehicle fuel systems include valves associated with a fuel tank and configured
to vent pressurized or displaced fuel vapor from the vapor space in the fuel tank to a fuel-
vapor recovery canister located outside of the fuel tank. The canister is designed to capture
and store hydrocarbons entrained in fuel vapors that are displaced and generated in the fuel
tank during a typical vehicle refueling operation or that are otherwise vented from the fuel
tank.

[0004] The vapor recovery canister is also coupled to a vehicle engine and to a purge
vacuum source. Typically, vacuum is applied to the vapor recovery canister by the purge
vacuum source whenever the vehicle engine is running in an effort to suck hydrocarbons

captured and stored in the canister into the engine for combustion.

SUMMARY

[0005] A tank venting system in accordance with the present disclosure includes a
canister housing shaped to include a media storage body defining a storage cavity that
contains a carbon bed, a fuel tank isolation valve assembly having a fuel tank isolation valve
to regulate flow of fuel vapor between a fuel tank and the storage cavity of the canister
housing, and valve assembly coupling means for coupling the fuel tank isolation valve
assembly to the canister housing. The canister housing, or fuel-vapor recovery canister, is in
fluid communication between the fuel tank and an engine in the vehicle to absorb
hydrocarbons in the fuel vapor flowing into and out of the fuel tank. The flow of fuel vapor is
controlled to maintain the pressure of fuel vapor in the fuel tank at a certain pressure level or

within a certain pressure range.



WO 2023/069417 PCT/US2022/046996

[0006] In the illustrative embodiments, the fuel tank isolation valve assembly
includes a valve housing and the fuel tank isolation valve. The valve housing is formed to
define a fuel fuel-tank vapor port adapted to be coupled in fluid communication with the fuel
tank and a vapor-transfer passageway in fluid communication with the fuel fuel-tank vapor
port. The fuel tank isolation valve is located in the vapor-transfer passageway to regulate
flow of fuel vapor between the fuel tank and the storage cavity.

[0007] In the illustrative embodiment, the valve assembly coupling means is provided
between the valve housing and the storage body closure. The valve assembly coupling means
is provided between the valve housing and the storage body closure to couple the fuel tank
isolation valve assembly to the canister housing so that the vapor-transfer passageway of the
valve housing is in direct fluid communication with the storage cavity of the canister housing.
[0008] Additional features of the present disclosure will become apparent to those
skilled in the art upon consideration of the following detailed description of illustrative
embodiments exemplifying the best mode of carrying out the invention as presently

perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The detailed description particularly refers to the accompanying figures in
which:
[0010] Fig. 1 is a diagrammatic perspective view of a tank venting system in

accordance with the present disclosure comprising a canister housing shaped to include a
media storage body defining a storage cavity that contains a carbon bed and a storage body
closure coupled to the storage body to close a top opening to the storage cavity, a fuel tank
isolation valve assembly having a fuel tank isolation valve to regulate flow of fuel vapor
between a fuel tank and the storage cavity of the canister housing, and valve assembly
coupling means for coupling the fuel tank isolation valve assembly directly to the canister
housing;

[0011] Fig. 2 is sectional side view of the tank venting system of Fig. 1 showing the
fuel tank isolation valve assembly further includes a valve housing formed to define a fuel-
tank vapor port adapted to be coupled in fluid communication with the fuel tank and a vapor-
transfer passageway in fluid communication with the fuel-tank vapor port that extends axially

relative to a valve axis, the fuel tank isolation valve is located in the vapor-transfer
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passageway to regulate flow of fuel vapor between the fuel tank and the storage cavity, and
further showing the valve assembly coupling means is provided between the valve housing
and the storage body closure to couple the fuel tank isolation valve assembly to the canister
housing in a fixed predetermined position relative to the storage body closure in which the
valve axis of the fuel tank isolation valve assembly overlaps a closure axis of the storage
body closure so that the vapor-transfer passageway of the valve housing is in fluid
communication with the storage cavity of the canister housing and the valve housing is
blocked from tilting and rotating about the valve axis relative to the storage body closure to
reduce wear on a valve assembly seal between the valve housing and the storage body
closure;

[0012] Fig. 3 is an exploded perspective view of the tank venting system of Fig. 1
showing the valve housing of the fuel tank isolation valve assembly includes a valve housing
body shaped to define the fuel-tank vapor port and a portion of the vapor-transfer passageway
and a bottom mount member shaped to define another portion of the vapor-transfer
passageway, the bottom mount member configured to be (i) welded to the valve housing
body to close a bottom opening of the valve housing body and (ii) inserted into a mount hole
formed in the storage body closure so that the vapor-transfer passageway is in fluid
communication with the storage cavity as shown in Figs. 4 and 5, and further showing the
valve assembly coupling means is provided by a valve mount bracket included in the storage
body closure and a plurality of fasteners configured to extend through the valve mount
bracket into the valve housing of the fuel tank isolation valve assembly to fix the fuel tank
isolation valve assembly relative to the storage body closure in the predetermined position as
shown in Fig. 4;

[0013] Fig. 4 is a sectional side elevation view similar to Fig. 2 showing the fasteners
of the valve assembly coupling means extend through valve mount bracket on the storage
body closure into the valve housing body of the valve housing to fix the valve housing is in
the predetermined position so that the valve axis remains overlapped with the closure axis of
the storage body closure to reduce leaks between the valve housing and the canister housing
as fuel vapor flows through the vapor-transfer passageway between the fuel tank and the
storage cavity of the media storage body;

[0014] Fig. 5 is a sectional side elevation view taken along line 5-5 of Fig. 1 showing

the fuel tank isolation valve includes a perforated partition plate that divides the vapor-
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transfer passageway to form a tank-side chamber that opens directly into the fuel-tank vapor
port and a storage-side chamber that opens into the storage cavity of the media storage body
and multi-stage flow controller components located in the chambers that are able to move
relative to the stationary perforated partition plate to regulate flow of fuel vapor between the
fuel tank and the media storage body;

[0015] Fig. 5A is an enlarged sectional view taken along line 5A-5A of Fig. 1
showing that the stationary perforated partition plate is formed to include a large-diameter
central vent aperture establishing the first vent and six relatively smaller oblong arc-shaped
orbital vent apertures surrounding the central vent aperture and establishing the second vent;
[0016] Fig. 6 is a diagrammatic perspective view of another embodiment of a tank
venting system in accordance with the present disclosure comprising a canister housing
shaped to include a media storage body that defines a storage cavity and a storage body
closure coupled to the storage body to close the storage cavity, a fuel tank isolation valve
assembly including an elongated valve housing compared to the embodiment in Figs. 1-5 and
a fuel tank isolation valve arranged in the valve housing to regulate flow of fuel vapor
between a fuel tank and the storage cavity of the canister housing, and valve assembly
coupling means for coupling the fuel tank isolation valve assembly directly to the canister
housing;

[0017] Fig. 7 is sectional side view of the tank venting system of Fig. 6 showing the
valve housing of the fuel tank isolation valve assembly includes a valve housing body shaped
to define the fuel-tank vapor port and a portion of the vapor-transfer passageway and a
bottom mount member shaped to define another portion of the vapor-transfer passageway,
and further showing the valve assembly coupling means is provided by a valve mount bracket
included in the storage body closure and a plurality of fasteners configured to extend through
the valve mount bracket into the valve housing of the fuel tank isolation valve assembly to fix
the fuel tank isolation valve assembly relative to the storage body closure in the
predetermined position as shown in Fig. 9;

[0018] Fig. 8 is an exploded perspective view of the tank venting system of Fig. 6
showing the valve housing of the fuel tank isolation valve assembly includes the valve
housing body, the bottom mount member, a valve assembly seal, and further showing bottom
mount member includes a first of the bottom mount member configured to be inserted into a

bottom opening of the valve housing body and a second end configured to be inserted into a
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mount hole formed in the storage body closure so that the vapor-transfer passageway is in
fluid communication with the storage cavity as shown in Fig. 9;

[0019] Fig. 9 is a sectional side elevation view similar to Fig. 7 showing the fasteners
of the valve assembly coupling means extend through valve mount bracket on the storage
body closure into the valve housing body of the valve housing to fix the valve housing is in
the predetermined position so that the valve axis remains overlapped with the closure axis of
the storage body closure to reduce leaks between the valve housing and the canister housing
as fuel vapor flows through the vapor-transfer passageway between the fuel tank and the
storage cavity of the media storage body;

[0020] Fig. 10 is a sectional side elevation view of Fig. 6 taken along line 10-10
showing the fuel tank isolation valve includes a perforated partition plate that divides the
vapor-transfer passageway to form a tank-side chamber that opens directly into the fuel-tank
vapor port and a storage-side chamber that opens into the storage cavity of the media storage
body, the storage-side chamber is elongated compared to the embodiment in Figs. 1-5, and
further showing the bottom mount member of the valve housing includes a mount pipe that
extends axially relative to the valve axis between the first end and the second end and a
plurality of flow dividers coupled to the first end of the mount pipe,

[0021] Fig. 10A is an enlarged sectional view taken along line 10A-10A of Fig .6
showing that the stationary perforated partition plate is formed to include a large-diameter
central vent aperture establishing the first vent and six relatively smaller oblong arc-shaped
orbital vent apertures surrounding the central vent aperture and establishing the second vent,
and further showing the bottom mount member includes flow dividers;

[0022] Fig. 10B is an enlarged sectional view taken along line 10B-10B of Fig .6
showing each of the flow dividers included in the bottom mount member extend radially
inward from the mount pipe so that the flow dividers meet at the valve axis to divide an

opening formed by the first end of the mount pipe.

DETAILED DESCRIPTION

[0023] A fuel tank venting system 10 comprises a canister housing 12 having a
storage cavity 32 containing a carbon bed 14, a fuel tank isolation valve assembly 16, and
valve assembly coupling means 18 for coupling the fuel tank isolation valve assembly 16

directly to the canister housing 12 as shown in Figs. 1-5. Canister housing 12 is shaped to
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include a media storage body 20 defining storage cavity 32 that contains the carbon bed 14
and a storage body closure 22 coupled to storage body 20 to close a top opening 320 to
storage cavity 32. Fuel tank isolation valve assembly 16 includes a fuel tank isolation valve
24 to regulate flow of fuel vapor between a fuel tank 17 and storage cavity 32 of canister
housing 12.

[0024] Fuel tank isolation valve assembly 16 further includes a valve housing 26 as
shown in Fig. 2-7. Valve housing 26 is formed to define a fuel-tank vapor port 28 and a
vapor-transfer passageway 30. Fuel-tank vapor port 28 is adapted to be coupled in fluid
communication with fuel tank 17. Vapor-transfer passageway 30 is in fluid communication
with fuel-tank vapor port 28. In the illustrative embodiment, fuel tank isolation valve 24 is
located in vapor-transfer passageway 30 to regulate flow of fuel vapor between fuel tank 17
and storage cavity 32.

[0025] Valve assembly coupling means 18 is provided between valve housing 26 and
storage body closure 22 to couple fuel tank isolation valve assembly 16 to canister housing
12 so that vapor-transfer passageway 30 of valve housing 26 is in direct fluid communication
with storage cavity 32 of canister housing 12 as shown in Figs. 2 and 7. In this way, no
hosing or pipes needs to be used to connect fuel tank isolation valve 24 to canister housing
12. Rather, vapor-transfer passageway 30 of valve housing 26 opens directly into storage
cavity 32 of canister housing 12 so as to interconnect storage cavity 32 and vapor port 28.
[0026] Vapor-transfer passageway 30 is arranged to interconnect storage cavity 32
and vapor port 28 to enable transfer fuel vapor flowing from fuel tank 17 through vapor port
28 to storage cavity 32 of media storage body 20 and to enable transfer of hydrocarbon-laden
vapor flowing from storage cavity 32 of media storage body 20 through vapor port 28 to fuel
tank 17. Fuel tank isolation valve 24 is located in vapor-transfer passageway 30 so as to
regulate flow of fuel vapor in vapor-transfer passageway 32 between vapor port 28 and
storage cavity 32 of media storage body 20. Fuel tank isolation valve 24 is used onboard a
vehicle (not shown) including an engine and a purge vacuum source (not shown) coupled to
the engine and the media storage body.

[0027] Valve assembly coupling means 18 also fixes valve housing 26 of fuel tank
isolation valve assembly 16 directly to storage body closure 22 of canister housing 12 with
valve housing 26 located in a predetermined position relative to storage body closure 22 of

canister housing 12 as shown in Figs. 2 and 7. In the predetermined position, valve housing
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26 extends into a mount hole 22H formed in storage body closure 22 to cause vapor-transfer
passageway 30 of valve housing 26 to be in fluid communication with storage cavity 32 of
canister housing 12 and to cause a valve axis 39A of fuel tank isolation valve assembly 16 to
overlap with a closure axis 22 A of storage body closure 22.

[0028] In this way, valve housing 26 is blocked from tilting and rotating about valve
axis 39A relative to storage body closure 22, thereby reducing the wear on a valve assembly
seal 27 between valve housing 26 and storage body closure 22. Valve assembly seal 27 is a
seal ring 27 located between storage body closure 22 and valve housing 26 to seal between
storage body closure 22 and valve housing 26 once valve housing 26 is coupled to storage
body closure 22 as shown in Figs. 5-7. Valve assembly coupling means 18 allows fuel tank
isolation valve assembly 16 to be directly coupled to storage body closure 22 of canister
housing 12, thereby removing any pipes or hoses between fuel tank isolation valve assembly
16 and canister housing 12 to eliminate leak paths between fuel tank 17 and the engine. As
valve housing 26 is directly coupled to canister housing 12, valve assembly seal 27 is located
directly between valve housing 26 and storage body closure 22 to seal therebetween.

[0029] Therefore, maintaining proper engagement of valve housing 26 and storage
body closure 22 with valve assembly seal 27 may be important to reduce leaks therebetween.
Tilting or rotating of valve housing 26 may reduce the effectiveness of seal 27 as tilting may
cause seal 27 to disengage valve housing 26/storage body closure 22 and/or may damage seal
27 over time. Fixing valve housing 26 in the predetermined position maintains vale housing
26 in proper engagement with seal 27.

[0030] Canister housing 12 is a carbon canister in the illustrative embodiment and
includes carbon bed 14 in storage cavity 32 to remove hydrocarbons in the fuel vapor flowing
into and out of media storage body 20. Fuel tank isolation valve assembly 16 controls the fuel
vapor flowing into and out of media storage body 20, while the valve assembly coupling
means 18 couples the fuel tank isolation valve assembly 16 directly to storage body closure
22 of storage body 20 so that fuel vapor flowing to and from fuel tank 17 flow directly
between storage cavity 32 of media storage body 20 and vapor-transfer passageway 30
without any additional hoses or pipes.

[0031] In vehicles with a normal internal combustion engine, the fuel vapor from the
fuel tank is vented directly to the surrounding atmosphere. Directly venting the fuel vapor to

the surrounding atmosphere may be harmful to people and/or the environment.
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[0032] However, in partially hybrid electric vehicles (PHEV), the internal combustion
engine included in the vehicle operates intermittently and therefore the fuel tank system is
frequently closed off from the atmosphere when not in use (i.e. the engine is not being used).
Closing the system off from the atmosphere may reduce the harmful emissions to the
surrounding environment, but may create a need to control/regulate the fuel vapor in the
system.

[0033] The fuel vapor in the fuel tank may therefore be at a higher pressure or a lower
vacuum pressure than normal engines, which may make opening fuel system lines when
ready for use a challenge. Further, if the increased pressure in the fuel tank is not released, the
fuel tank may become damaged or even explode.

[0034] Fuel tank systems may include a fuel tank isolation valve to control the flow
fuel vapor and air between the fuel tank and a canister used to store the pressurized fuel vapor
to release built up pressure in the fuel tank at different stages. The canister is configured to
“clean” fuel vapor vented from the fuel tank during tank refueling. The canister may be in
fluid communication with the engine, the fuel tank, and the atmosphere, which provides
several leak paths for the fuel vapor.

[0035] In the illustrative embodiment, valve assembly coupling means 18, also
referred to as valve mount assembly 18, couples fuel tank isolation valve assembly 16
directly to storage body closure 22 of canister housing 12, thereby removing any pipes or
hoses between fuel tank isolation valve assembly 16 and canister housing 12 to eliminate leak
paths between fuel tank 17 and the engine. Fuel vapor from fuel tank 17 flows through vapor
port 28, through vapor-transfer passageway 30, and directly into storage cavity 32. An
opening 460 to vapor-transfer passageway 30 formed by valve housing 26 opens directly into
storage cavity 32 to put vapor-transfer passageway 30 in direct fluid communication with
storage cavity 32.

[0036] In the illustrative embodiment, valve assembly coupling means 18 is a
combination of a push on connection and a fastener connection in the illustrative
embodiment. Valve housing 26 is pushed into/inserted in mount hole 22H on storage body
closure 22 and valve assembly coupling means 18 fixes valve housing 26 in the
predetermined position. In other embodiments, valve assembly coupling means 18 may be
any one of a cam connection, a snap connection, a fastener connection including at least one

of screws, bolts, and molded studs with nuts, and a threaded connection.
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[0037] Valve mount assembly 18 includes a valve mount bracket 34 and fasteners 36
as shown in Figs. 2-5. Valve mount bracket 34 extends axially away from storage body
closure 22. Each fastener 36 extends through valve mount bracket 34 into valve housing 26 of
fuel tank isolation valve assembly 16. Each fastener 36 extends through valve mount bracket
34 into valve housing 26 perpendicular to valve axis 39A and closure axis 22A to fix valve
housing 26 in the predetermined position relative to storage body closure 22 of canister
housing 12.

[0038] In the illustrative embodiment, valve mount assembly 18 includes at least
three fasteners 36 as shown in Figs. 2-5. In other embodiments, valve mount assembly 18
includes more than three fasteners 36. In other embodiments, valve mount assembly 18
includes two fasteners 36.

[0039] Valve mount bracket 34 includes a radially-extending wall 38 and an axially-
extending wall 40 as shown in Figs. 4 and 5. Radially-extending wall 38 extends radially
away from storage body closure 22. Axially-extending wall 40 extends axially from radially-
extending wall 38 away from media storage body 20. In the illustrative embodiment, radially-
extending wall 38 and axially-extending wall 40 of valve mount bracket 34 are integrally
formed with storage body closure 22 such that valve mount bracket 34 and storage body
closure 22 are a monolithic component.

[0040] To engage valve assembly coupling means 18, an inner end 46E of valve
housing 26 is aligned with mount hole 22H formed in storage body closure 22. Then, inner
end 46E of valve housing 26, with the valve assembly seal 27 arranged thereon, is inserted
into mount hole 22H so that inner end 46E extends into mount hole 22 and valve assembly
seal 27 is located between valve housing 26 and storage body closure 22. Valve housing 26 is
inserted into mount hole 22H so that blind holes 44H formed in valve housing 26 align with
holes 34H on valve mount bracket 34. Each fastener 36 is then inserted through a
corresponding hole 34H in valve mount bracket 22H into a corresponding blind holes 44H
formed in valve housing 26. Inserting fasteners 36 through valve mount bracket 34 into valve
housing 26 fixes valve housing 26 in the predetermined position.

[0041] In the predetermined position, valve housing 26 is spaced apart axially from
storage body closure 22 to define a gap G therebetween as shown in Figs. 4 and 5. Gap G is
annular and extends around the valve axis 39A. Valve housing 26 is blocked from tilting and

rotating about valve axis 39A relative to storage body closure 22 to maintain an equal gap G.
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By maintaining the gap G around the valve axis 39A, wear on valve assembly seal 27 is
reduced.

[0042] In the illustrative embodiment, valve axis 39A of fuel tank isolation valve
assembly 16 is the same as closure axis 22A of canister housing 12. Valve mount assembly
18 fixes valve housing 26 in the predetermined position so that valve housing 26 is blocked
from tilting and rotating about valve axis 39A relative to storage body closure 22 to maintain
an equal gap G. In this way, valve axis 39A remains overlapped with closure axis 22A.
[0043] Inner end 46E of valve housing 26 forms an opening 31 to vapor-transfer
passageway 30 as shown in Fig. 3. Once fuel tank isolation valve assembly 16 is coupled to
canister housing 12, opening 31 directly opens into storage cavity 32 thereby eliminating leak
paths between fuel tank 17 and the engine. Fuel vapor from fuel tank 17 flows through fuel-
tank vapor port 28 through vapor-transfer passageway 30, and directly into storage cavity 32.
In the illustrative embodiment, an opening 31 to vapor-transfer passageway 30 opens directly
into storage cavity 32 to put vapor-transfer passageway 30 in direct fluid communication with
storage cavity 32.

[0044] Fuel tank venting system 10 includes canister housing 12, fuel tank isolation
valve assembly 14, and valve mount assembly 18 as shown in Figs. 2-5. Valve mount
assembly 18 fixes valve housing 26 of fuel tank isolation valve assembly 16 directly to
storage body closure 22 of canister housing 12 with valve housing 26 located in the
predetermined position relative to storage body closure 22 of canister housing 12.

[0045] Canister housing 12 includes media storage body 20 and storage body closure
22 as shown in Figs. 2-5. Media storage body 20 is formed to define storage cavity 32
containing carbon bed 14 configured to absorb hydrocarbons in fuel vapor from fuel tank 17
that flows into and out of storage cavity 32 of media storage body 20. Storage body closure
22 is selectively coupled to media storage body 20 to close top opening 320 to storage cavity
32.

[0046] Storage body closure 22 is formed to include a cover panel 22C and a rim 22R
as shown in Figs. 4 and 5. Cover panel 22C is selectively coupled to media storage body 20
to close top opening 320 to storage cavity 32. Rim 22R extends axially from cover panel 22C
into storage cavity 32. Rim 22R defines mount hole 22H in the illustrative embodiment.

Mount hole 22H extends axially through cover panel 22C along closure axis 22A.
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[0047] Fuel tank isolation valve assembly 16 includes valve housing 26, fuel tank
isolation valve 24, and valve assembly seal 27 as shown in Figs. 2-5. Fuel tank isolation
valve 24 is arranged in valve housing 26. Valve assembly seal 27 is located in mount hole
22H of storage body closure 22 between valve housing 26 and storage body closure 22 to seal
therebetween.

[0048] Valve housing 26 includes a valve housing body 44, a bottom mount member
46 independent of valve housing 26, and a vapor pipe 48 as shown in Figs. 2-5. Bottom
mount member 46 is coupled to an inner end 44E of valve housing body 44 to close a bottom
opening 33 of valve housing body 44 to provide a shoulder surface 46S to support
components of fuel tank isolation valve 24 in vapor-transfer passageway 30. Vapor pipe 48
extends radially from valve housing body 44 relative to valve axis 39A.

[0049] In the illustrative embodiment, valve housing body 44 is formed to include a
mount base 44B that forms blind holes 44H for each of the fasteners 36 of the valve mount
assembly 18. The mount base 44B extends radially outward from the valve housing body 44
toward the valve mount bracket 34. Fasteners 36 extend through valve mount bracket 34 into
mount base 44B of valve housing body 44. Valve mount assembly 18 may further include
77?77 in the illustrative embodiment.

[0050] Valve housing body 44 is formed to define a first section 30A of vapor-
transfer passageway 30, while bottom mount member 46 is shaped to define a second section
30B of vapor-transfer passageway 30 as shown in Fig. 4. Bottom mount member 46 closes
bottom opening 33 to retain fuel tank isolation valve 24 in the first section 30A of vapor-
transfer passageway 30.

[0051] Bottom mount member 46 of valve housing 26 extends into mount hole 22H
formed in storage body closure 22 so that vapor-transfer passageway 30 is in fluid
communication the storage cavity 32. Vapor pipe 48 is formed to define fuel-tank vapor port
28 adapted to be coupled in fluid communication with fuel tank 17. Fuel vapor from fuel tank
17 flows from fuel tank 17 through the vapor port 28, the first section 30A of vapor-transfer
passageway 30, and the second section 30B of vapor-transfer passageway 30 into storage
cavity 32.

[0052] In the illustrative embodiment, vapor-transfer passageway 30 extends along
axis 39A of fuel tank isolation valve 24, while vapor pipe 48 extends at an angle relative to

vapor-transfer passageway 30 as shown in Figs. 4 and 5. The opening 260 of vapor-transfer
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passageway 30 into storage cavity 32 is aligned with axis 39A of fuel tank isolation valve
39A in the illustrative embodiment as shown in Figs. 4 and 5.

[0053] Bottom mount member 46 is formed to include a mount plate 50 and a mount
pipe 52 as shown in Figs. 2-5. Mount plate 50 is coupled to valve housing body 44 to close
bottom opening 33 of valve housing body 44. Mount pipe 52 extends axially from mount
plate 50 away from valve housing body 44 into mount hole 22H formed in storage body
closure 22. Mount plate 50 is shaped to define shoulder surface 46S and mount pipe 52 is
formed to define the second section 30B of vapor-transfer passageway 30 in the illustrative
embodiment.

[0054] In the illustrative embodiment, mount plate 50 is formed to include an annular
lip 50L that extends axially away from mount plate 50 as shown in Figs. 3-5. Annular lip 50L
extends around ridges on inner end 44E of valve housing body 44 when the mount plate 50 is
coupled to inner end 44E of valve housing body 44 to close bottom opening 33 of valve
housing body 44.

[0055] Valve assembly seal 27 extends axially along bottom mount member 46 of
valve housing 26 in the illustrative embodiment. Valve assembly seal 27 comprises nylon
materials in the illustrative embodiment. Valve assembly seal 27 may be a nylon quick
connect attachment.

[0056] Fuel tank isolation valve 24 regulates fuel vapor flow through vapor-transfer
passageway 30 to regulate pressure of fuel vapor within fuel tank 17 in accordance with
predetermined pressure targets. Fuel tank isolation valve 24 is located in the first section 30A
of the vapor-transfer passageway 30 in the illustrative embodiment.

[0057] Fuel tank isolation valve 24 includes a stationary perforated partition plate 54
mounted in vapor-transfer passageway 30 and a multi-stage flow controller 56 that is
mounted for movement in vapor-transfer passageway 30 alongside and relative to perforated
partition plate 54 as shown in Figs. 3-5. Multi-stage flow controller 56 is configured to
regulate flow of fuel vapor through separate central and orbital vents formed in perforated
partition plate 54.

[0058] Perforated partition plate 54 is arranged to divide the first section 30A of
vapor-transfer passageway 30 into a storage-side chamber 58 that communicates directly with
storage cavity 32 of media storage body 20 through the second section 30B of vapor-transfer

passageway 30 and an overlying tank-side chamber 60 that communicates with vapor port 28
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as shown in Figs 4 and 5. Perforated partition plate 54 is formed to include a central vent
aperture 62 to establish a first vent 62 and six orbital vent apertures 64a-f (see Fig. 6)
establishing a second vent 64 and surrounding the central vent aperture 62.

[0059] In the illustrative embodiment, perforated partition plate 54 is formed to
include a round central vent aperture 62 centered on central vertical axis 39A and six arc-
shaped orbital vent apertures 64a-f arranged to surround the round central vent aperture 62
and lie in radially spaced relation from central vertical axis 39A and circumferentially
spaced-apart relation to one another. Perforated partition plate 54 is mounted in a stationary
position in the vapor-transfer passageway 30 of valve housing 26.

[0060] In the illustrative embodiment, perforated partition plate 54 is arranged within
the first section 30A of vapor-transfer passageway 30 defined by valve housing body 44.
Bottom mount member 46 closes bottom opening 33 of valve housing 26 to define a portion
of the storage-side chamber 58.

[0061] In the illustrative embodiment, valve housing body 44, vapor pipe 48, and
perforated partition plate 54 are a monolithic component. Bottom mount member 46 is a
separate piece that is coupled to valve housing body 44. In the illustrative embodiment,
bottom mount member 46 is welded to valve housing body 44.

[0062] In the illustrative embodiment, fuel tank isolation valve 24 includes a solenoid
56 for use with multi-stage flow controller 56 as suggested in Fig. 1. The solenoid 56 may be
used to control the multi-stage flow controller 56 during tank refueling activities. Solenoid 56
can be energized during different open modes of fuel tank isolation valve 24. In some
embodiments, the multi-stage flow controller 56 of fuel tank isolation valve 24 may be
mechanically activated using a suitable mechanical system using vacuum and pressure to
control movement of the controller 56.

[0063] Perforated partition plate 54 of fuel tank isolation valve 24 is located in vapor-
transfer passageway 30 formed in valve housing 26 as shown in Figs. 4 and 5. Perforated
partition plate 54 partitions vapor-transfer passageway 30 to define a tank-side chamber 60
above perforated partition plate 54 for conducting fuel vapor between the vapor port 28 and
the center and orbital vents 62, 64 formed in perforated partition plate 54 and a storage-side
chamber 58 below perforated partition plate 54 for conducting fuel vapor between the storage

cavity 32 of media storage body 20 and the center and orbital vents 62, 64.
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[0064] Multi-stage flow controller 56 is configured normally to engage perforated
partition plate 54 to close the first and second vents 62, 64 formed in perforated partition
plate 54 so as to block fuel vapor flow from vapor port 28 to storage cavity 32 through the
vapor-transfer passageway 30 formed valve housing 26 so that fuel tank 17 is normally
isolated from fluid communication with storage cavity 32 of media storage body 20.
However, multi-stage flow controller 56 is configured in to disengage from perforated
partition plate 54 in several different ways so as to regulate flow of fuel vapor in vapor-
transfer passageway 30 between fuel tank 17 and storage cavity 32 of media storage body 20
independently through central vent aperture 62 and also through several orbital vent apertures
64a-f during (1) early and later stages of fuel tank refueling activity, (2) development of
unwanted vacuum conditions in fuel tank 17, and (3) development of unwanted over-pressure
conditions in fuel tank 17.

[0065] Multi-stage flow controller 56 includes a tank-side vapor-flow regulator 56T
and a storage-side vapor-flow regulator 56S as suggested in Figs. 3 and 4. Tank-side vapor-
flow regulator 56T is located above perforated partition plate 54 in tank-side chamber 60 that
is formed in the vapor-transfer passageway 30 to communicate fuel vapor to and from fuel
tank 17 via vapor port 28 coupled to fuel tank 17. Storage-side vapor-flow regulator 56S is
located under perforated partition plate 54 in the storage-side chamber 44 that is formed in
vapor-transfer passageway 30 to communicate fuel vapor to and from storage cavity 32 of
media storage body 20. Each of tank-side and storage-side vapor-flow regulators 56T, 56S is
aligned to move upwardly and downwardly relative to perforated partition plate 54 along a
single vertical axis 39A that extends through the vapor-transfer passageway 30.

[0066] Multi-stage flow controller 56 also includes a spring-biased movable armature
S6A that is operationally coupled to solenoid 56 and is arranged to extend into the vapor-
transfer passageway 30 as shown in Fig. 5. Movable armature 56A moves relative to the
stationary perforated partition plate 54 along the single vertical axis 39A that extends through
the tank-side chamber 60, the central vent aperture 62 formed in perforated partition plate 54,
and the storage-side chamber 44. Movable armature S6A cooperates with tank-side and
storage-side vapor-flow regulators 56T, 56S when Fuel tank isolation valve 24 is in a normal
CLOSED mode and 6A to block flow of fuel vapor through the central and orbital vent
apertures 62, 64 formed in perforated partition plate 54 so that fuel vapor cannot flow through

the vapor-transfer passageway 30 between fuel tank 17 and storage cavity 32 of media
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storage body 20 and therefore fuel tank 17 normally is isolated from the media storage body
20.

[0067] Tank-side and storage-side vapor-flow regulators 56T, 56S are configured to
move in the vapor-transfer passageway 30 relative to the stationary perforated partition plate
54 to close, partly open, and open vents 62, 64 formed in perforated partition plate 54 in
response to changes in pressure of fuel vapor extant in the vapor-transfer passageway 30 and
in fuel tank 17. Movable armature S6A is spring-biased normally to move toward storage-
side vapor-flow regulator 56S and is operationally linked to solenoid 56 to move upwardly
away from storage-side vapor-flow regulator 56S when solenoid 56 is energized. Movable
armature 56A includes a distal tip S6AT that is arranged to extend into the vapor-transfer
passageway 30 and move therein in response to a pushing force generated by an armature-
biasing spring 56AS and actuation of solenoid 56 to assume various positions therein to
cooperate with storage-side vapor-flow regulator 56S so as to close or partly open the central
vent 62 formed in the perforated partition plate 54.

[0068] As mentioned above, fuel tank isolation valve 24 may be important to regulate
the pressure of fuel vapor in the system of hybrid vehicles. Fuel tank isolation valve 24 is
normally closed to block the flow of fuel vapor from tank 17 to media storage body 20 as
shown in Fig. 5. Fuel tank isolation valve 24 has different open modes to regulate the flow of
fuel vapor between fuel tank 17 and media storage body 20 based on different conditions of
the system.

[0069] In the case of over-pressure conditions, fuel tank isolation valve 24 changes to
one of the open modes to allow a release a large amount of pressure from fuel tank 17.
Conversely, if there is vacuum conditions in fuel tank 17, Fuel tank isolation valve 24 may
change to another opened mode to alleviate unwanted vacuum conditions. Once the vehicle
switches to using engine, fuel tank isolation valve 24 may change to one of open modes to
allow the fuel vapor to flow from fuel tank 17 through media storage body 20 and to the
engine to be burned with the fuel.

[0070] Releasing the built up pressure of the fuel vapor in the fuel tank may also be
important during refueling of the fuel tank. When a person uses a fuel-dispersion pump
nozzle to begin to discharge fuel into a filler neck leading to the fuel tank, Fuel tank isolation
valve 24 changes from closed mode to first opened mode to vent some displaced fuel vapor

from fuel tank 17. After refueling begins and fuel is being discharged at a constant rate into
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fuel tank 17, Fuel tank isolation valve 24 changes to second opened mode to vent more
displaced fuel vapor.

[0071] As suggested in Fig. 3, fuel tank isolation valve 24 comprises a perforated
partition plate 54, a multi-stage flow controller 56, and an armature-biasing solenoid 56.
Multi-stage flow controller 56 includes a tank-side vapor-flow regulator 56T comprising a
top hat-shaped spring cap 66 and a large-diameter compression (vacuum) spring 68; a
movable armature 56A; and a storage-side vapor-flow regulator 56S comprising a narrow-
diameter compression (pressure) spring 70 and a spring cap 72.

[0072] Bottom mount member 46 is coupled to bottom opening 33 of valve housing
body 44 to retain multi-stage flow controller 56 in the first section 30A of vapor-transfer
passageway 30. Bottom mount member 46 provides shoulder surface 46S engaged by other
components of fuel tank isolation valve 24 to retain fuel tank isolation valve 24 in the vapor-
transfer passageway 30.

[0073] Bottom mount member 46 coupled to valve housing body 44 below
compression spring 70 and spring cap 72 so that the spring 70 engages with the bottom mount
member 46 to bias the spring cap 72 with the O-ring seal 72S into engagement with the
underside of perforated partition plate 54. Bottom mount member 46 is shaped to define the
second section 30B of vapor-transfer passageway 30 so as to allow pressurized fuel vapor to
flow through bottom mount member 46.

[0074] As suggested in Fig. 3, movable armature 56A, spring S6AS, and tank-side
vapor-flow regulator 56T included in fuel tank isolation valve 24 have been installed in the
tank-side chamber 60 of the vapor-transfer passageway 30, while storage-side vapor-flow
regular 56S has been installed in the storage-side chamber 58. Movable armature 56A, spring
S6AS, and tank-side vapor-flow regulator 56T are installed in tank-side chamber 60 of the
vapor-transfer passageway 30 through an opening 260 in valve housing 26. Top-side vapor-
transfer passageway closure 56C is then attached to valve housing 26 to close tank-side
chamber 60 of vapor-transfer passageway 30.

[0075] The installation of movable armature S6A, spring 56AS, and tank-side vapor-
flow regulator 56T causes a downwardly extending tip 56AT of movable armature 56A to
extend along the single vertical axis 39A into the first vent 62 established by central vent
aperture 62 and formed in perforated partition plate 54. The installation of movable armature

S6A, spring S6AS, and tank-side vapor-flow regulator 56T also causes seal ring 66S of tank-
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side vapor-flow regulator 56T to engage an annular outer perimeter region of topside of
perforated partition plate 54 to block fuel vapor from passing through the second vent 64
established by six orbital vent apertures 64a-f (see Fig. 6) surrounding the central vent
aperture 62. The round central vent aperture 62 and the six surrounding circumferentially
spaced-apart arcuate orbital vent apertures 64a-f formed in perforated partition plate 54 of
fuel tank isolation valve 24 are shown for example in Fig. 5B.

[0076] Storage-side vapor-flow regular 568 is installed through opening 33 of valve
housing body 44. Spring cap 72 and spring 70 are inserted into the storage-side chamber 44
and bottom mount member 46 is then coupled to valve housing body 44 to close bottom
opening 33. The installation of storage-side vapor-flow regular 56S causes O-ring seal 72S of
storage-side vapor-flow regulator 56S to engage the downwardly facing surface on distal tip
S6AT of movable armature 56A and the downwardly facing surface on the annular inner
perimeter region of underside of perforated partition plate 54 that surrounds the central vent
aperture 62.

[0077] In the illustrative embodiment, fuel tank venting system 10 includes canister
housing 12, fuel tank isolation valve assemlby 16, and valve assemlby coupling means 18 for
coupling fuel tank isolation valve assembly 16 directly to canister housing 12. Canister
housing 12 includes media storage body 20 formed to define storage cavity 32 containing
carbon bed 14 configured to absorb hydrocarbons in fuel vapor from fuel tank 17 that flows
into and out of storage cavity 32 of media storage body 20.

[0078] Fuel tank isolation valve assembly 16 includes valve housing 26 and fuel tank
isolation valve 24. Valve housing 26 is formed to define fuel-tank vapor port 28 adapted to be
coupled in fluid communication with fuel tank 17 and vapor-transfer passageway 30 in fluid
communication with fuel-tank vapor port 28. Fuel tank isolation valve 24 is located in vapor-
transfer passageway 30 and is configured to regulate the flow of fuel vapor between fuel tank
17 and storage cavity 32.

[0079] Fuel tank venting system 10 includes valve assembly coupling means 18 for
coupling fuel tank isolation valve assembly 16 directly to canister housing 12 to cause vapor-
transfer passageway 30 of valve housing 26 to be in fluid communication with storage cavity
32 of canister housing 12 so that fuel vapor flows directly between fuel tank 17 and storage
cavity 32 of media storage body 20 when fuel tank isolation valve 24 is in one of the different

open modes.
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[0001] Another embodiment of a fuel tank venting system 210 in accordance with the
present disclosure is shown in Figs. 6-10B. The fuel tank venting system 210 is substantially
similar to fuel tank venting system 10 shown in Figs. 1-5B and described herein.
Accordingly, similar reference numbers in the 200 series indicate features that are common
between fuel tank venting system 10 and fuel tank venting system 210. The description of
fuel tank venting system 10 is incorporated by reference to apply to fuel tank venting system
210, except in instances when it conflicts with the specific description and the drawings of
fuel tank venting system 210.

[0080] Fuel tank venting system 210 comprises a canister housing 212 having a
media storage body 220 and a storage body closure 222, a fuel tank isolation valve assembly
216, and valve assembly coupling means 218 for coupling the fuel tank isolation valve
assembly 216 directly to the storage body closure 222 as shown in Figs. 6-10. Storage body
closure 222 includes a mount hole 222H that extends axially along a closure axis 222A. Fuel
tank isolation valve assembly 16 includes a fuel tank isolation valve 24 to regulate flow of
fuel vapor between a fuel tank 217 and storage cavity 232 of canister housing 212.

[0081] Valve assembly coupling means 218, also referred to as valve mount assembly
218 is substantially similar to valve mount assembly 18 as shown in Figs. 1-5. However,
valve mount assembly 218 couples the fuel tank isolation valve assembly 216 farther above
storage body closure 222 because a valve housing 226 of fuel tank isolation valve assembly
216 has an elongated vapor-transfer passageway 230 as shown in Figs. 7 and 9.

[0082] Valve housing 226 is formed to define a fuel-tank vapor port 228 and vapor-
transfer passageway 230. Vapor-transfer passageway 230 is in fluid communication with
fuel-tank vapor port 228 and extends axially along a valve axis 239A. Fuel tank isolation
valve 224 is located in vapor-transfer passageway 230 to regulate flow of fuel vapor between
fuel tank 217 and storage cavity 232.

[0083] Valve housing 226 includes a valve housing body 244, a bottom mount
member 246 independent of valve housing 226, and a vapor pipe 248 as shown in Figs. 7-10.
Bottom mount member 246 is coupled to valve housing body 244 to close bottom opening
233 of valve housing body 244 to provide a shoulder surface 246S to support components of
fuel tank isolation valve 224 in vapor-transfer passageway 230. Vapor pipe 248 extends

radially from valve housing body 244 relative to valve axis 239A.
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[0084] Valve housing body 244 is formed to define a first section 230A of vapor-
transfer passageway 230, while bottom mount member 246 is shaped to define a second
section 230B of vapor-transfer passageway 230 as shown in Figs. 9 and 10. Bottom mount
member 246 closes bottom opening 233 to retain fuel tank isolation valve 224 in the first
section 230A of vapor-transfer passageway 230.

[0085] In the illustrative embodiment, the first section 230A of vapor-transfer
passageway 230 is elongated compared to the first section 30A of vapor-transfer passageway
230 in Figs. 1-5. As a result, valve housing body 244 is longer compared to valve housing
body 44. Bottom mount member 46 of valve housing 26 allows the overall height of valve
housing 26 to be reduce, thereby reducing the space claim of fuel tank isolation valve
assembly 16.

[0086] Bottom mount member 246 of valve housing 226 extends into mount hole
222H formed in storage body closure 222 so that vapor-transfer passageway 230 is in fluid
communication the storage cavity 232. Vapor pipe 248 is formed to define fuel-tank vapor
port 228 adapted to be coupled in fluid communication with fuel tank 217. Fuel vapor from
fuel tank 217 flows from fuel tank 217 through the vapor port 228, the first section 230A of
vapor-transfer passageway 230, and the second section 230B of vapor-transfer passageway
230 into storage cavity 232.

[0087] Bottom mount member 246 is formed to include a mount pipe 252 and a
plurality of flow dividers 252F as shown in Figs. 7-10. Mount pipe 252 extends axially
relative to the valve axis 239A between a first end 253 coupled to valve housing body 244 to
close bottom opening 233 of valve housing body 244 and a second end 255 spaced apart
axially from the first end 253. Flow dividers 252F are coupled to the first end 253 of mount
pipe 252.

[0088] Mount pipe 252 is shaped to define the second section 230B of vapor-transfer
passageway 230 as shown in Figs. 9 and 10. Flow dividers 252F divide an opening formed by
the first end 253 of mount pipe 252 as shown in Fig. 10B. Each flow divider 252F extends
radially inward from mount pipe 252 and meets at valve axis 239A as shown in Figs. 10B.
[0089] In the illustrative embodiment, the first end 253 of mount pipe 252 defines
shoulder surface 246S as shown in Figs. 9 and 10. Bottom mount member 246 extends into
mount hole 222H formed in storage body closure 222 so that vapor-transfer passageway 230

is in fluid communication with storage cavity 232. Shoulder surface 246S is engaged by
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components of fuel tank isolation valve 224 to retain fuel tank isolation valve 224 in the first
section 230A of vapor-transfer passageway 230. Shoulder surface 246S is on a radially
inward side of mount pipe 252.

[0090] The first end 253 of mount pipe 252 also defines a ridge surface 2528 that
engages a lip 244L defined by valve housing body 244 as shown in Figs. 9 and 10. Ridge
surface 2528 is on a radially outward side of mount pipe 252. Bottom mount member 246
extends into mount hole 222H formed in storage body closure 222 so that ridge surface 252S
of mount pipe 252 engages with lip 244L of valve housing body 244 to axially locate mount
pipe 252 realtive to valve housing body 244.

[0091] Valve assembly seal 227 extends axially along mount pipe 252 of bottom
mount member 246 in the illustrative embodiment. Inner end 244FE of valve housing 226
engages a portion of valve assembly seal 227.

[0092] Valve mount assembly 218 fixes valve housing 226 of fuel tank isolation
valve assembly 216 directly to storage body closure 222 of canister housing 212 with valve
housing 226 located in the predetermined position relative to storage body closure 222 of
canister housing 212 as shown in Figs. 6-10. In the predetermined position, valve housing
226 extends into mount hole 222H formed in storage body closure 222 to cause vapor-
transfer passageway 230 of valve housing 226 to be in fluid communication with storage
cavity 232 of canister housing 212, while also causing valve axis 239A of fuel tank isolation
valve assembly 216 to overlap with closure axis 222 A of storage body closure 222.

[0093] In this way, valve housing 226 is blocked from tilting and rotating about valve
axis 239A relative to storage body closure 222, thereby reducing the wear on valve assembly
seal 2277 between valve housing 226 and storage body closure 222. Valve mount assembly
218 allows fuel tank isolation valve assembly 216 to be directly coupled to storage body
closure 222 of canister housing 212, thereby removing any pipes or hoses between fuel tank
isolation valve assembly 216 and canister housing 212 to eliminate leak paths between fuel
tank 217 and the engine.

[0094] As valve housing 226 is directly coupled to canister housing 212, valve
assembly seal 227 is located directly between valve housing 226 and storage body closure
222 to seal therebetween. Valve mount assembly 218 fixes valve housing 226 of fuel tank

isolation valve assembly 216 directly to storage body closure 222 of canister housing 212
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with valve housing 226 located in the predetermined position relative to storage body closure
222.

[0095] In the predetermined position, valve housing 226 is spaced apart axially from
storage body closure 222 to define a gap G' therebetween as shown in Figs. 9 and 10. Gap G'
is annular and extends around the valve axis 239A. Valve housing 226 is blocked from tilting
and rotating about valve axis 239A relative to storage body closure 222 to maintain an equal
gap G'. By maintaining the gap G’ around the valve axis 239A, wear on valve assembly seal
227 is reduced.

[0096] Fuel tank isolation valve 224 includes a stationary perforated partition plate
254 mounted in vapor-transfer passageway 230 as shown in Figs. 9-10A and a multi-stage
flow controller (not shown). Perforated partition plate 254 is arranged to divide the first
section 230A of vapor-transfer passageway 230 into a storage-side chamber 258 that
communicates directly with storage cavity 232 of media storage body 220 through the second
section 230B of vapor-transfer passageway 230 and an overlying tank-side chamber 260 that
communicates with vapor port 228 as shown in Figs 9 and 10. Perforated partition plate 254
is formed to include a central vent aperture 262 to establish a first vent 262 and six orbital
vent apertures 264 establishing a second vent 264 and surrounding the central vent aperture
262.

[0097] In the illustrative embodiment, perforated partition plate 254 is arranged
within the first section 230A of vapor-transfer passageway 230 defined by valve housing
body 244. Bottom mount member 246 closes bottom opening 233 of valve housing 226 to
define a portion of the storage-side chamber 258. Storage-side chamber 258 is elongated
compared to storage-side chamber 58 in Figs. 1-5.

[0098] In the illustrative embodiment, valve housing body 244, vapor pipe 248, and
perforated partition plate 254 are a monolithic component. Bottom mount member 246 is a
separate piece that is coupled to valve housing body 244. In the illustrative embodiment,
bottom mount member 46 is welded to valve housing body 244.

[0099] The following numbered clauses include embodiments that are contemplated
and non-limiting:

[0100] Clause 1. A fuel tank venting system comprising a canister housing including
a media storage body formed to define a storage cavity containing a carbon bed configured to

absorb hydrocarbons in fuel vapor from a fuel tank that flows into and out of the storage
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cavity of the media storage body and a storage body closure selectively coupled to the media
storage body to close a top opening to the storage cavity, the storage body closure formed to
include a mount hole that extends axially through the storage body closure along a closure
axis.

[0101] Clause 2. The tank venting system of clause 1, any other suitable clause, or
combination of clauses, further comprising a fuel tank isolation valve assembly including a
valve housing, a fuel tank isolation valve arranged in the valve housing, and a valve assembly
seal located in the mount hole of the storage body closure between the valve housing and the
storage body closure of the canister housing to seal therebetween, the valve housing formed
to define a fuel-tank vapor port adapted to be coupled in fluid communication with the fuel
tank and a vapor-transfer passageway in fluid communication with the fuel-tank vapor port
that extends axially relative to a valve axis, and the fuel tank isolation valve located in the
vapor-transfer passageway and configured to regulate the flow of fuel vapor between the fuel
tank and the storage cavity.

[0102] Clause 3. The tank venting system of clause 2, any other suitable clause, or
combination of clauses, further comprising valve assembly coupling means for fixing the
valve housing of the fuel tank isolation valve assembly directly to the storage body closure of
the canister housing with the valve housing located in a predetermined position relative to the
storage body closure of the canister housing in which the valve housing extends into the
mount hole of the storage body closure to cause the vapor-transfer passageway of the valve
housing to be in fluid communication with the storage cavity of the canister housing and the
valve axis of the fuel tank isolation valve assembly to overlap with the closure axis of the
storage body closure so that the valve housing is blocked from tilting and rotating about the
valve axis relative to the storage body closure to reduce wear on the valve assembly seal
between the valve housing and the storage body closure.

[0103] Clause 4. The tank venting system of clause 3, any other suitable clause, or
combination of clauses, wherein the valve axis of the fuel tank isolation valve assembly is the
same as the closure axis of the canister housing.

[0104] Clause 5. The tank venting system of clause 4, any other suitable clause, or
combination of clauses, wherein the coupling means includes a valve mount bracket that
extends axially away from the storage body closure and a plurality of fasteners that extend

through the valve mount bracket into the valve housing of the fuel tank isolation valve
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assembly perpendicular to the valve axis and the closure axis to fix the valve housing in the
predetermined position relative to the storage body closure of the canister housing.

[0105] Clause 6. The tank venting system of clause 5, any other suitable clause, or
combination of clauses, wherein the valve housing of the fuel tank isolation valve assembly
includes a valve housing body and a bottom mount member independent of the valve housing
and coupled to the valve housing body to close a bottom opening of the valve housing body,
the valve housing body shaped to define the fuel-tank vapor port and a first section of the
vapor-transfer passageway, and the bottom mount member shaped to define a second section
of the vapor-transfer passageway and a shoulder surface engaged by components of the fuel
tank isolation valve to retain the fuel tank isolation valve in the first section of the vapor-
transfer passageway, and wherein the bottom mount member extends into the mount hole
formed in the storage body closure so that the vapor-transfer passageway is in fluid
communication with the storage cavity.

[0106] Clause 7. The tank venting system of clause 4, any other suitable clause, or
combination of clauses, wherein the valve housing of the fuel tank isolation valve assembly
includes a valve housing body and a bottom mount member independent of the valve housing
and coupled to the valve housing body to close a bottom opening of the valve housing body,
the valve housing body shaped to define the fuel-tank vapor port and a first section of the
vapor-transfer passageway, and the bottom mount member shaped to define a second section
of the vapor-transfer passageway and a shoulder surface engaged by components of the fuel
tank isolation valve to retain the fuel tank isolation valve in the first section of the vapor-
transfer passageway, and wherein the bottom mount member extends into the mount hole
formed in the storage body closure so that the vapor-transfer passageway is in fluid
communication with the storage cavity.

[0107] Clause 8. The tank venting system of clause 7, any other suitable clause, or
combination of clauses, wherein the bottom mount member of the valve housing includes a
mount plate coupled to the valve housing body to close the bottom opening of the valve
housing body and a mount pipe that extends axially from the mount plate away from the
valve housing body into the mount hole formed in the storage body closure, the mount plate
shaped to define the shoulder surface, and the mount pipe formed to define the second section

of the vapor-transfer passageway.
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[0108] Clause 9. The tank venting system of clause 7, any other suitable clause, or
combination of clauses, wherein the bottom mount member of the valve housing includes a
mount pipe that extends axially relative to the valve axis between a first end coupled to the
valve housing body to close the bottom opening of the valve housing body and a second end
spaced apart axially from the first end and a plurality of flow dividers coupled to the first end
of the mount pipe.

[0109] Clause 10. The tank venting system of clause 9, any other suitable clause, or
combination of clauses, wherein the mount pipe is shaped to define the second section of the
vapor-transfer passageway.

[0110] Clause 11. The tank venting system of clause 9, any other suitable clause, or
combination of clauses, wherein the first end of the mount pipe is shaped to define the
shoulder surface.

[0111] Clause 12. The tank venting system of clause 3, any other suitable clause, or
combination of clauses, wherein the valve assembly coupling means includes a valve mount
bracket that extends axially away from the storage body closure and a plurality of fasteners
that extend through the valve mount bracket into the valve housing of the fuel tank isolation
valve assembly perpendicular to the valve axis and the closure axis to fix the valve housing in
the predetermined position relative to the storage body closure of the canister housing.
[0112] Clause 13. The tank venting system of clause 12, any other suitable clause, or
combination of clauses, wherein the valve housing of the fuel tank isolation valve assembly
includes a valve housing body and a bottom mount member coupled to the valve housing
body to close a bottom opening of the valve housing body to provide a shoulder surface to
support the components of the fuel tank isolation valve in the vapor-transfer passageway.
[0113] Clause 14. The tank venting system of clause 13, any other suitable clause, or
combination of clauses, wherein the valve housing body is shaped to define the fuel-tank
vapor port and a first section of the vapor-transfer passageway.

[0114] Clause 15. The tank venting system of clause 14, any other suitable clause, or
combination of clauses, the bottom mount member is shaped to define a second section of the
vapor-transfer passageway.

[0115] Clause 16. The tank venting system of clause 15, any other suitable clause, or

combination of clauses, wherein the bottom mount member extends axially into the mount
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hole formed in the storage body closure so that the vapor-transfer passageway is in fluid
communication with the storage cavity.

[0116] Clause 17. The tank venting system of clause 16, any other suitable clause, or
combination of clauses, wherein the valve assembly seal extends axially along the bottom
mount member of the valve housing.

[0117] Clause 18. A fuel tank venting system comprising a canister housing including
a media storage body formed to define a storage cavity and a storage body closure selectively
coupled to the media storage body to close a top opening to the storage cavity, the storage
body closure formed to include a mount hole that extends axially through the storage body
closure relative to a closure axis.

[0118] Clause 19. The tank venting system of clause 18, any other suitable clause, or
combination of clauses, further comprising a fuel tank isolation valve assembly including a
valve housing and a fuel tank isolation valve arranged in the valve housing, the valve housing
formed to define a fuel-tank vapor port adapted to be coupled in fluid communication with
the fuel tank and a vapor-transfer passageway in fluid communication with the fuel-tank
vapor port that extends axially relative to a valve axis.

[0119] Clause 20. The tank venting system of clause 19, any other suitable clause, or
combination of clauses, wherein the fuel tank isolation valve located in the vapor-transfer
passageway and configured to regulate the flow of fuel vapor between the fuel tank and the
storage cavity.

[0120] Clause 21. The tank venting system of clause 20, any other suitable clause, or
combination of clauses, further comprisine a mount assembly configured to couple the valve
housing of the fuel tank isolation valve assembly directly to the storage body closure of the
canister housing to cause the valve housing to be fixed in a predetermined position relative to
the storage body closure of the canister housing in which the valve housing is located in the
mount hole of the storage body closure to cause the vapor-transfer passageway of the valve
housing to be in fluid communication with the storage cavity of the canister housing and the
valve axis of the fuel tank isolation valve assembly overlaps the closure axis of the storage
body closure so that the valve housing is blocked from tilting and rotating about the valve

axis relative to the storage body closure.
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[0121] Clause 22. The tank venting system of clause 21, any other suitable clause, or
combination of clauses, wherein the valve axis of the fuel tank isolation valve assembly is the
same as the closure axis of the canister housing.

[0122] Clause 23. The tank venting system of clause 22, any other suitable clause, or
combination of clauses, wherein the mount assembly includes a valve mount bracket that
extends axially away from the storage body closure and a plurality of fasteners that extend
through the valve mount bracket into the valve housing of the fuel tank isolation valve
assembly perpendicular to the valve axis and the closure axis to fix the valve housing in the
predetermined position relative to the storage body closure of the canister housing.

[0123] Clause 24. The tank venting system of clause 22, any other suitable clause, or
combination of clauses, wherein the valve housing of the fuel tank isolation valve assembly
includes a valve housing body and a bottom mount member coupled to the valve housing
body to close a bottom opening of the valve housing body to provide a shoulder surface to
support the components of the fuel tank isolation valve in the vapor-transfer passageway.
[0124] Clause 25. The tank venting system of clause 24, any other suitable clause, or
combination of clauses, wherein the valve housing body is shaped to define the fuel-tank
vapor port and a first section of the vapor-transfer passageway.

[0125] Clause 26. The tank venting system of clause 25, any other suitable clause, or
combination of clauses, wherein the bottom mount member is shaped to define a second
section of the vapor-transfer passageway.

[0126] Clause 27. The tank venting system of clause 26, any other suitable clause, or
combination of clauses, wherein the bottom mount member extends axially into the mount
hole formed in the storage body closure so that the vapor-transfer passageway is in fluid
communication with the storage cavity.

[0127] Clause 28. The tank venting system of clause 21, any other suitable clause, or
combination of clauses, wherein the valve housing of the fuel tank isolation valve assembly
includes a valve housing body and a bottom mount member coupled to the valve housing
body to close a bottom opening of the valve housing body to provide a shoulder surface to
support the components of the fuel tank isolation valve in the vapor-transfer passageway, the
valve housing body shaped to define the fuel-tank vapor port and a first section of the vapor-
transfer passageway, and the bottom mount member shaped to define a second section of the

vapor-transfer passageway, and wherein the bottom mount member extends axially into the
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mount hole formed in the storage body closure so that the vapor-transfer passageway is in
fluid communication with the storage cavity.

[0128] Clause 29. The tank venting system of clause 28, any other suitable clause, or
combination of clauses, wherein the bottom mount member of the valve housing includes a
mount plate coupled to the valve housing body to close the bottom opening of the valve
housing body and a mount pipe that extends axially from the mount plate away from the
valve housing body into the mount hole formed in the storage body closure, the mount plate
shaped to define the shoulder surface, and the mount pipe formed to define the second section
of the vapor-transfer passageway.

[0129] Clause 30. The tank venting system of clause 28, any other suitable clause, or
combination of clauses, wherein the bottom mount member of the valve housing includes a
mount pipe that extends axially relative to the valve axis between a first end coupled to the
valve housing body to close the bottom opening of the valve housing body and a second end
spaced apart axially from the first end and a plurality of flow dividers coupled to the first end
of the mount pipe, the mount pipe shaped to define the second section of the vapor-transfer
passageway, and the first end of the mount pipe shaped to define the shoulder surface.
[0130] Clause 31. The tank venting system of clause 21, any other suitable clause, or
combination of clauses, wherein the mount assembly includes a valve mount bracket that
extends axially away from the storage body closure and a plurality of fasteners that extend
through the valve mount bracket into the valve housing of the fuel tank isolation valve
assembly and the closure axis to fix the valve housing in the predetermined position relative
to the storage body closure of the canister housing.

[0131] Clause 32. The tank venting system of clause 31, any other suitable clause, or
combination of clauses, wherein the plurality of fasteners extend through the valve mount
bracket into the valve housing of the fuel tank isolation valve assembly perpendicular to the
valve axis.

[0132] Clause 33. The tank venting system of clause 21, any other suitable clause, or
combination of clauses, wherein the fuel tank isolation valve assembly further includes a
valve assembly seal located in the mount hole of the storage body closure between the valve
housing and the storage body closure of the canister housing to seal therebetween, and
wherein the valve assembly seal extends axially along the bottom mount member of the valve

housing.
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[0133] Clause 34. A fuel tank venting system comprising
[0134] a canister housing including a media storage body formed to define a

storage cavity containing a carbon bed configured to absorb hydrocarbons in fuel vapor from
a fuel tank that flows into and out of the storage cavity of the media storage body.

[0135] Clause 35. The tank venting system of clause 34, any other suitable clause,
or combination of clauses, further comprising a fuel tank isolation valve assembly including a
valve housing formed to define a fuel-tank vapor port adapted to be coupled in fluid
communication with the fuel tank and a vapor-transfer passageway in fluid communication
with the fuel-tank vapor port and a fuel tank isolation valve located in the vapor-transfer
passageway and configured to regulate the flow of fuel vapor between the fuel tank and the
storage cavity.

[0136] Clause 36. The tank venting system of clause 35, any other suitable clause,
or combination of clauses, further comprising a valve assembly coupling means for coupling
the fuel tank isolation valve assembly directly to the canister housing to cause the vapor-
transfer passageway of the valve housing to be in fluid communication with the storage
cavity of the canister housing so that fuel vapor flows directly between the fuel tank and the
storage cavity of the media storage body when the fuel tank isolation valve is in one of the

different open modes.
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CLAIMS

1. A fuel tank venting system comprising

a canister housing including a media storage body formed to define a storage
cavity containing a carbon bed configured to absorb hydrocarbons in fuel vapor from a fuel
tank that flows into and out of the storage cavity of the media storage body and a storage
body closure selectively coupled to the media storage body to close a top opening to the
storage cavity, the storage body closure formed to include a mount hole that extends axially
through the storage body closure along a closure axis,

a fuel tank isolation valve assembly including a valve housing, a fuel tank
isolation valve arranged in the valve housing, and a valve assembly seal located in the mount
hole of the storage body closure between the valve housing and the storage body closure of
the canister housing to seal therebetween, the valve housing formed to define a fuel-tank
vapor port adapted to be coupled in fluid communication with the fuel tank and a vapor-
transfer passageway in fluid communication with the fuel-tank vapor port that extends axially
relative to a valve axis, and the fuel tank isolation valve located in the vapor-transfer
passageway and configured to regulate the flow of fuel vapor between the fuel tank and the
storage cavity, and

valve assembly coupling means for fixing the valve housing of the fuel tank
isolation valve assembly directly to the storage body closure of the canister housing with the
valve housing located in a predetermined position relative to the storage body closure of the
canister housing in which the valve housing extends into the mount hole of the storage body
closure to cause the vapor-transfer passageway of the valve housing to be in fluid
communication with the storage cavity of the canister housing and the valve axis of the fuel
tank isolation valve assembly to overlap with the closure axis of the storage body closure so
that the valve housing is blocked from tilting and rotating about the valve axis relative to the
storage body closure to reduce wear on the valve assembly seal between the valve housing
and the storage body closure.

2. The fuel tank venting system of claim 1, wherein the valve axis of the
fuel tank isolation valve assembly is the same as the closure axis of the canister housing.

3. The fuel tank venting system of claim 2, wherein the coupling means
includes a valve mount bracket that extends axially away from the storage body closure and a

plurality of fasteners that extend through the valve mount bracket into the valve housing of
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the fuel tank isolation valve assembly perpendicular to the valve axis and the closure axis to
fix the valve housing in the predetermined position relative to the storage body closure of the
canister housing.

4. The fuel tank venting system of claim 3, wherein the valve housing of
the fuel tank isolation valve assembly includes a valve housing body and a bottom mount
member independent of the valve housing and coupled to the valve housing body to close a
bottom opening of the valve housing body, the valve housing body shaped to define the fuel-
tank vapor port and a first section of the vapor-transfer passageway, and the bottom mount
member shaped to define a second section of the vapor-transfer passageway and a shoulder
surface engaged by components of the fuel tank isolation valve to retain the fuel tank
isolation valve in the first section of the vapor-transfer passageway, and wherein the bottom
mount member extends into the mount hole formed in the storage body closure so that the
vapor-transfer passageway is in fluid communication with the storage cavity.

5, The fuel tank venting system of claim 2, wherein the valve housing of
the fuel tank isolation valve assembly includes a valve housing body and a bottom mount
member independent of the valve housing and coupled to the valve housing body to close a
bottom opening of the valve housing body, the valve housing body shaped to define the fuel-
tank vapor port and a first section of the vapor-transfer passageway, and the bottom mount
member shaped to define a second section of the vapor-transfer passageway and a shoulder
surface engaged by components of the fuel tank isolation valve to retain the fuel tank
isolation valve in the first section of the vapor-transfer passageway, and wherein the bottom
mount member extends into the mount hole formed in the storage body closure so that the
vapor-transfer passageway is in fluid communication with the storage cavity.

6. The fuel tank venting system of claim 5, wherein the bottom mount
member of the valve housing includes a mount plate coupled to the valve housing body to
close the bottom opening of the valve housing body and a mount pipe that extends axially
from the mount plate away from the valve housing body into the mount hole formed in the
storage body closure, the mount plate shaped to define the shoulder surface, and the mount
pipe formed to define the second section of the vapor-transfer passageway.

7. The fuel tank venting system of claim 5, wherein the bottom mount
member of the valve housing includes a mount pipe that extends axially relative to the valve

axis between a first end coupled to the valve housing body to close the bottom opening of the
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valve housing body and a second end spaced apart axially from the first end and a plurality of
flow dividers coupled to the first end of the mount pipe, the mount pipe shaped to define the
second section of the vapor-transfer passageway, and the first end of the mount pipe shaped
to define the shoulder surface.

8. The fuel tank venting system of claim 1, wherein the valve assembly
coupling means includes a valve mount bracket that extends axially away from the storage
body closure and a plurality of fasteners that extend through the valve mount bracket into the
valve housing of the fuel tank isolation valve assembly perpendicular to the valve axis and
the closure axis to fix the valve housing in the predetermined position relative to the storage
body closure of the canister housing.

9. The fuel tank venting system of claim 8, wherein the valve housing of
the fuel tank isolation valve assembly includes a valve housing body and a bottom mount
member coupled to the valve housing body to close a bottom opening of the valve housing
body to provide a shoulder surface to support the components of the fuel tank isolation valve
in the vapor-transfer passageway, the valve housing body shaped to define the fuel-tank
vapor port and a first section of the vapor-transfer passageway, and the bottom mount
member shaped to define a second section of the vapor-transfer passageway, and wherein the
bottom mount member extends axially into the mount hole formed in the storage body
closure so that the vapor-transfer passageway is in fluid communication with the storage
cavity.

10. The fuel tank venting system of claim 9, wherein the valve assembly
seal extends axially along the bottom mount member of the valve housing.

11. A fuel tank venting system comprising

a canister housing including a media storage body formed to define a storage
cavity and a storage body closure selectively coupled to the media storage body to close a top
opening to the storage cavity, the storage body closure formed to include a mount hole that
extends axially through the storage body closure relative to a closure axis,

a fuel tank isolation valve assembly including a valve housing and a fuel tank
isolation valve arranged in the valve housing, the valve housing formed to define a fuel-tank
vapor port adapted to be coupled in fluid communication with the fuel tank and a vapor-
transfer passageway in fluid communication with the fuel-tank vapor port that extends axially

relative to a valve axis, and the fuel tank isolation valve located in the vapor-transfer



WO 2023/069417 PCT/US2022/046996

-32-

passageway and configured to regulate the flow of fuel vapor between the fuel tank and the
storage cavity, and

a mount assembly configured to couple the valve housing of the fuel tank
isolation valve assembly directly to the storage body closure of the canister housing to cause
the valve housing to be fixed in a predetermined position relative to the storage body closure
of the canister housing in which the valve housing is located in the mount hole of the storage
body closure to cause the vapor-transfer passageway of the valve housing to be in fluid
communication with the storage cavity of the canister housing and the valve axis of the fuel
tank isolation valve assembly overlaps the closure axis of the storage body closure so that the
valve housing is blocked from tilting and rotating about the valve axis relative to the storage
body closure.

12. The fuel tank venting system of claim 11, wherein the valve axis of the
fuel tank isolation valve assembly is the same as the closure axis of the canister housing.

13. The fuel tank venting system of claim 12, wherein the mount assembly
includes a valve mount bracket that extends axially away from the storage body closure and a
plurality of fasteners that extend through the valve mount bracket into the valve housing of
the fuel tank isolation valve assembly perpendicular to the valve axis and the closure axis to
fix the valve housing in the predetermined position relative to the storage body closure of the
canister housing.

14. The fuel tank venting system of claim 12, wherein the valve housing of
the fuel tank isolation valve assembly includes a valve housing body and a bottom mount
member coupled to the valve housing body to close a bottom opening of the valve housing
body to provide a shoulder surface to support the components of the fuel tank isolation valve
in the vapor-transfer passageway, the valve housing body shaped to define the fuel-tank
vapor port and a first section of the vapor-transfer passageway, and the bottom mount
member shaped to define a second section of the vapor-transfer passageway, and wherein the
bottom mount member extends axially into the mount hole formed in the storage body
closure so that the vapor-transfer passageway is in fluid communication with the storage
cavity.

15. The fuel tank venting system of claim 11, wherein the valve housing of
the fuel tank isolation valve assembly includes a valve housing body and a bottom mount

member coupled to the valve housing body to close a bottom opening of the valve housing
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body to provide a shoulder surface to support the components of the fuel tank isolation valve
in the vapor-transfer passageway, the valve housing body shaped to define the fuel-tank
vapor port and a first section of the vapor-transfer passageway, and the bottom mount
member shaped to define a second section of the vapor-transfer passageway, and wherein the
bottom mount member extends axially into the mount hole formed in the storage body
closure so that the vapor-transfer passageway is in fluid communication with the storage
cavity.

16. The fuel tank venting system of claim 15, wherein the bottom mount
member of the valve housing includes a mount plate coupled to the valve housing body to
close the bottom opening of the valve housing body and a mount pipe that extends axially
from the mount plate away from the valve housing body into the mount hole formed in the
storage body closure, the mount plate shaped to define the shoulder surface, and the mount
pipe formed to define the second section of the vapor-transfer passageway.

17. the fuel tank venting system of claim 15, wherein the bottom mount
member of the valve housing includes a mount pipe that extends axially relative to the valve
axis between a first end coupled to the valve housing body to close the bottom opening of the
valve housing body and a second end spaced apart axially from the first end and a plurality of
flow dividers coupled to the first end of the mount pipe, the mount pipe shaped to define the
second section of the vapor-transfer passageway, and the first end of the mount pipe shaped
to define the shoulder surface.

18. The fuel tank venting system of claim 11, wherein the mount assembly
includes a valve mount bracket that extends axially away from the storage body closure and a
plurality of fasteners that extend through the valve mount bracket into the valve housing of
the fuel tank isolation valve assembly and the closure axis to fix the valve housing in the
predetermined position relative to the storage body closure of the canister housing.

19. The fuel tank venting system of claim 18, wherein the plurality of
fasteners extend through the valve mount bracket into the valve housing of the fuel tank
isolation valve assembly perpendicular to the valve axis.

20. The fuel tank venting system of claim 11, wherein the fuel tank
isolation valve assembly further includes a valve assembly seal located in the mount hole of

the storage body closure between the valve housing and the storage body closure of the
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canister housing to seal therebetween, and wherein the valve assembly seal extends axially

along the bottom mount member of the valve housing.
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