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Title of Invention

FUEL TANK VALVE ASSEMBLY WITH ADJUSTABLE BYPASS VENT FLOW

TECHNICAL FIELD
[0001] The invention relates to a valve assembly with a device config
ured to adjust vent flow from a fuel tank.

BACKGROUND OF THE INVENTION
[0002] Fuel tank valve assemblies that function to provide fuel nozzl
e shutoff once liquid reaches a predetermined level are known. A float device 1
s often provided to accommodate shutoff by interfering with a vent passage once
fuel reaches the predetermined level. Furthermore, these valve assemblies often
provide rollover protection by closing liquid escape paths upon inversion of th
e tank. It is desirable to vent the fuel tank vapor space when the fuel level i
s at or above the shutoff level.

SUMMARY OF THE INVENTION
[0003] A valve assembly is provided that permits adjustable vent flow
from the fuel tank vapor space through a bypass vent opening based on a conditi
on in the fuel tank after nozzle shutoff. The valve assembly also provides roll
over protection. Specifically, a valve assembly for controlling fluid communica
tion between a vapor space of a fuel tank and a vapor outlet includes a housing
defining a chamber configured to be open to the fuel tank when at least a portio
n of the housing is placed in the fuel tank, and further defining a vapor vent p
assage in fluid communication with the chamber. The chamber is in selective flu
id communication with the vapor outlet through the vapor vent passage. A Ffirst
valve, which may be a float-type valve referred to as a main float, is disposed
in the chamber and operable for restricting venting through the vapor vent passa
ge when fuel in the chamber reaches a predetermined level. The housing defines
a bypass vent opening above the predetermined level for Ffluidly communicating th
e vapor space with the vapor vent passage.
[0004] A secondary closure device, also referred to as a second valve
, is configured to move independently of the first valve to control venting of t
he vapor space through the bypass vent opening in response to at least one opera
ting condition in the fuel tank outside of the chamber. The secondary closure d
evice may be of any suitable type, such as a pressure-sensitive diaphragm respon
sive to a pressure differential between the vapor space and the vapor outlet, a
secondary float responsive to a fuel level in the tank outside of the chamber, o
r both, or a motion sensitive valve. The control or adjustment of venting affor
ded by the secondary closure device may be proportional (i.e., the adjustment in
venting is In proportion to the operating condition in the fuel tank) or binary
(i.e., a First amount of venting in the absence of the operating condition, whi
ch may include a complete closure and therefore absence of venting, and a second
amount of venting when the operating condition occurs). Because the secondary
closure device moves independently of the first valve, the movement is directly
in response to the operating condition, rather than in response to movement of t
he first valve. This permits the secondary control device to provide a more pre
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cise degree of control as well as flexibility of control than if the secondary c
ontrol device moved indirectly, via the first valve, in response to the operatin
g condition.
[0005] Thus, the first valve is movable in the chamber toward the vap
or vent passage in response to liquid fuel in the tank (and in the chamber), whe
ther due to filling of the tank, sloshing of fuel, orienting the tank at a grade
, or due to inversion of the tank. The Ffirst valve is configured to reduce vapo
r flow from the tank through the vapor vent passage when the first valve moves t
oward the vapor vent passage. The second valve outside of the chamber is config
ured to move with respect to the bypass passage to vary flow through the bypass
passage in response to at least one operating condition in the fuel tank outside
of the chamber at which the first valve has moved to reduce vapor flow through
the vapor vent passage.
[0006] The configuration of the valve assembly with first and second
valves enables multiple stages of operation, with the Ffirst valve configured to
permit venting from the chamber under a first set of operating conditions in the
chamber, thereby establishing a first stage of the valve, and to restrict venti
ng from the chamber under a second set of operating conditions in the chamber, t
hereby establishing a second stage of the valve. The second valve is configured
to adjust vapor flow from the tank through the bypass vent opening In response
to a different set of operating conditions in the tank outside of the chamber, t
hereby establishing another stage of the valve. The different operating conditi
ons may be different fuel levels within the tank, different pressure differentia
Is between the tank vapor space and the vapor outlet, or a combination of these
conditions.
[0007] The above features and advantages and other features and advan
tages of the present invention are readily apparent from the following detailed
description of the best modes for carrying out the invention when taken in conne
ction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGURE 1 is a schematic cross-sectional illustration of a valv
e assembly mounted to a fuel tank showing a First stage of operation;
[0009] FIGURE 2 is a schematic cross-sectional illustration of the va

lve assembly of Figure 1 in a second stage of operation;
[0010] FIGURE 3 is a schematic cross-sectional illustration of the va
lve assembly of Figure 1 in a third stage of operation;

[0011] FIGURE 4 is a schematic cross-sectional illustration of the va
lve assembly of Figure 1 in a fourth stage of operation;

[0012] FIGURE 5 is a schematic cross-sectional illustration of a seco
nd embodiment of a valve assembly;

[0013] FIGURE 6 is a schematic cross-sectional illustration of a thir
d embodiment of a valve assembly;

[0014] FIGURE 7 is a plot of vapor vent flow (liters per minute) vers

us tank vapor space pressure (kilopascals) through a valve assembly similar to t
hat of Figures 1-4, but having an open bottom rather than a vent window at vario
us fuel levels;

[0015] FIGURE 8 is a plot of vapor vent flow (liters per minute) vers
us tank vapor space pressure (kilopascals) through a valve assembly having a byp
ass opening but no secondary closure device at various liquid heights above an 1
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nitial shutoff level; and
[0016] FIGURE 9 is a schematic cross-sectional illustration of a four
th embodiment of a valve assembly.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0017] Referring to the drawings, wherein like reference numbers refe
r to like components, Figure 1 shows a multi-stage valve assembly 10 mounted to
a fuel tank 12. The valve assembly 10 has a housing 14 with interior walls 15 d
efining an interior chamber 16. The housing 14 also defines a vapor vent passag
e 18, also referred to as a vent opening, which is in fluid communication with a
vapor outlet 20. The vapor outlet 20 leads to a vapor recovery canister (not s
hown) or other destination outside of the tank 12. The housing 14 also defines
a bypass vent opening 22, also referred to as a bypass passage. The bypass vent
opening 22 is open to vapor space 24 in the tank 12 above a fuel level 26 of fu
el 27 within the tank 12. The housing 14 also defines a vent window 28 generall
y near the bottom of the valve assembly 10 when the valve assembly 10 is mounted
in the tank 12. The vent window 28 is positioned to admit fuel in the tank 12
into the chamber 16 when the fuel level rises below the bottom surface 32 of the
housing 14 and at least to the level of the window 28, such as when fuel is add
ed to the tank 12 or during sloshing, positioning the tank 12 on a grade, or dur
ing inversion of the tank 12. The housing 14 has small drain holes (not shown)
extending through the depression 30 to the bottom surface 32. Although shown as
a unitary molded component, the housing 14 may be several integrated components,
and may be made of any suitable material, such as plastic or aluminum.
[0018] The valve assembly 10 includes a main float 34, also referred
to as a first valve, disposed in the chamber 16. The main float 34 is buoyant 1
n liquid fuel 27, and includes a cavity 36 that is normally filled with vapor, a
nd may fill with liquid fuel when the tank 12 is inverted. The cavity 36 is als
o part of the chamber 16. A spring 38 positioned between the main float 34 and
the housing 14 biases the main float 34 toward the vapor vent passage 18. A rib
bon seal 39 is secured on one end to the interior wall 15 of the housing 14 and
at another end to the main float 34. As the main float 34 rises in the chamber
16 due to contact with liquid fuel, the main float 34 pushes the ribbon seal 39
against the vapor vent passage 18 to restrict venting of vapor or leakage of fue
I through the vapor vent passage 18. This scenario is illustrated with respect
to Figure 2, and is discussed further below. It should be appreciated that the
construction of the ribbon seal 39, the main float 34, and the housing 14 may be
designed to control the amount of venting, if any, through the vapor vent passa
ge 18 when the float 34 pushes the seal 39 against the passage 18. For example,
the float 34 may be designed to toggle between the closed position of Figure 2
and a slightly opened position due to motion of the fuel, allowing limited venti
ng past the vapor vent passage 18, as illustrated by arrow V5 of Figure 3, even
when the diaphragm 40, discussed below, is closed. Alternatively, the seal 39,
float 34 and housing 14 could be designed to substantially prevent any venting t
hrough passage 18 when the seal 39 is pressed against the housing 14.
[0019] The valve assembly 10 further includes a secondary closure dev
ice 40, also referred to as a second valve, which in this embodiment is a pressu
re-sensitive diaphragm, and will be referred to as such. The pressure-sensitive
diaphragm 40 has a fixed outer diameter seal portion 42 sealed to a portion 43
of the housing 14. A dynamic inner diameter seal portion 44 is selectively seal
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ed to the portion 43 to prevent vapor Fflow from the vapor space 24 through the b
ypass vent opening 22 to the chamber 16 through the central opening 46. One sid
e 48 of the diaphragm 40 is exposed to the vapor space 24 via the bypass vent op
ening 22. The other side 50 of the diaphragm 40 is exposed to pressure in the v
apor outlet 20, which is substantially atmospheric or ambient pressure. A sprin
g 52 biases the diaphragm 40 to a closed position, and is configured with a spri
ng force that is overcome by an opposing force on the diaphragm 40 resulting fro
m a preselected pressure differential between the vapor space 24 and the vapor o
utlet 20.
[0020] In Figure 1, the relationship of the fuel level in the tank 14
relative to the housing 14 establishes a first set of operating conditions affe
cting the position of the main float valve 34 and the pressure-sensitive diaphra
gm 40. The operation of the valve assembly 10 in response to these conditions m
ay be considered a first stage of the valve assembly 10. Specifically, fuel lev
el 26 is a first fuel level below the window 28 of the housing 14, and represent
s a fuel level at less than full, such as before or during Filling. At such a F
uel level, the vapor space 24 is in direct fluid communication with the window 2
8. The main float 34 is not restricting flow through the vapor vent passage 18.
The pressure-sensitive diaphragm 40 is likely closed, as a predetermined press
ure differential between the vapor space 28 and the vapor outlet 20 may not be p
resent. Thus, as represented by arrow V1, vapor can vent from the vapor space 24
through the window 28, and through the annulus 54 between the outer walls of ho
using 14 and inner walls 15. Baffles (nhot shown) formed by the housing 14 and 1
nterior walls 15 may be positioned throughout the annulus 54 to separate any ent
rained liquid fuel from the vapor. The annulus 54 is open to the upper portion
of the chamber 16 above the main float 34, through another window, not shown, in
the inner walls 15. Thus, the vapor vents through the vapor vent passage 18, a
s represented by arrow V2, and out through the vapor outlet 20, as represented b
y arrow V3.
[0021] Referring to Figure 2, the relationship of the fuel level in t
he tank 12 relative to the housing 14 establishes a second set of operating cond
itions affecting the position of the main float valve 34 and the pressure-sensit
ive diaphragm 40. The operation of the valve assembly 10 in response to these c
onditions may be considered a second stage of the valve assembly 10. Specifical
ly, fuel level 26A has risen due to filling of the tank 12 to cover the window 2
8. With no vapor vent flow through the window 28, the vapor pressure in the vap
or space 24 of the tank 12 causes fuel to rise inside the chamber 16 (through wi
ndow 28) to fuel level 26B, elevating the main float 34, which presses the ribbo
n seal 39 against the vapor vent passage 18.
[0022] Referring to Figure 3, the fuel level 26C in the tank 12 has r
isen slightly above the shutoff level 26A of Figure 2. Fuel level in the chambe
r is fuel level 26B, the same as in Figure 2. The main float 34 is elevated, pr
essing the ribbon seal 39 against the vapor vent passage 18. Figure 3 represent
s a third set of operating conditions in which pressure in the vapor space 24 ha
s risen above pressure levels associated with the second set of operating condit
ions, such as due to continued filling of the tank beyond nozzle shutoff. The p
ressure in the vapor space 24 is not high enough to establish the predetermined
pressure differential at which the diaphragm 40 opens. However, the housing 14
is formed with a slight notch 60 that permits some venting from the vapor space
24, through the central aperture 46, as represented by arrow V4. Thus, some res
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tricted, low pressure venting of the vapor space 24 is accomplished during the t
hird set of operating conditions, establishing a third stage of the valve assemb
ly 10. For example, if the pressure in the vapor space 24 is approximately 2 kP
a at nozzle shutoff, the third stage may allow the restricted venting until a pr
edetermined pressure differential, which may be at about 4kPa pressure in the va
por space, causes the diaphragm 40 to open. Alternatively, the housing 14 could
be designed without the notch 60, in which case no venting of the vapor space 2
4 through the valve assembly 10 would occur during the third set of operating co
nditions.
[0023] Referring to Figure 4, the fuel level in the tank is fuel leve
I 26C, the same as in Figures 2 and 3. Figure 4 represents a fourth set of oper
ating conditions in which pressure in the vapor space 24 has risen above pressur
e levels associated with the second and third sets of operating conditions, and
the predetermined pressure differential between the vapor space 24 and the vent
outlet 20 is reached, causing the diaphragm 40 to lift to an opened position in
which It is indicated as 40A. The predetermined pressure differential may be as
sociated with pressures in the tank 12 above a certain pressure, such as 4kPa.
Thus, substantial venting of the vapor space 24 is accomplished through the bypa
ss vent opening 22, as represented by arrow V6, past the lifted diaphragm 40A an
d through central opening 46, as represented by arrow V7. The opening of the di
aphragm valve 40 allows pressure to increase within the chamber 16, causing the
fuel level in the chamber 16 to drop slightly to level 26D, and the main float 3
4 to therefore also drop slightly, permitting the vented vapor that passed throu
gh the bypass opening 22 to also pass through the vapor vent passage 18 and the
outlet 20, as illustrated by arrows V8, V9 and V10.
[0024] Referring to Figure 5, an alternative second embodiment of a m
ulti-stage valve assembly 10A is shown. The multi-stage valve assembly 10A has m
any components and features identical to those of valve assembly 10, and identic
al reference numbers are used to refer to identical components and features. Th
e valve assembly 10A includes a housing 14A formed with an extension 61 defining
an auxiliary chamber 62. The extension 61 has a side opening 64 in communicati
on with vapor space 24 and a bottom opening 66 open to fuel in the tank 12. A s
econdary float 68 is supported in the auxiliary chamber 62 and includes a needle
valve portion 70 configured to selectively interfere with a float opening 72 wi
thin the chamber 62.
[0025] When fuel is at fuel level 26, the main float 34 is in the pos
ition shown, with the ribbon valve 39 not blocking vapor venting through window
28 and vapor vent passage 18. The secondary float 68 is in the position shown,
with the needle valve portion 70 substantially or completely restricting vent fl
ow through the side opening 64 and bypass vent opening 22. Thus, the vapor spac
e 24 is substantially or completely prevented from venting through the bypass op
ening 22 via the diaphragm 40.
[0026] When fuel level in the tank 12 rises to levels above the windo
w 28 and up to fuel level 26E, fuel within the chamber 16 rises even higher, cau
sing the main float 34 to rise to the position shown in Figures 2 and 3, and the
secondary float 68 stays in the position shown in Figure 5. |If fuel level in t
he tank 12 outside of the chamber 16 rises above the predetermined fuel level 26
E, such as to fuel level 26F, the secondary float 68 is buoyed upward to the pos
ition shown in phantom indicated as 68A. The tapered nature of the needle valve
portion 70 thus allows venting of the vapor space 24 through float opening 72 a
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nd bypass opening 22. The vapor passes the diaphragm 40 either via a notch 60 a
s described above, or if the pressure differential is sufficient, by lifting the
diaphragm 40 to position 40A of Figure 4, and then past the main float 34 and r
ibbon seal 39, if the float 34 is biased downward to the position shown in Figur
e 4 via the vapor pressure. Thus, the secondary float 68 with needle valve port
ion 70 and the diaphragm 40 acts iIn series with one another to affect venting of
the vapor space 24 through the bypass opening 22 as represented by arrows V11,

vi2, vi3, Vi4, V15 and V16.

[0027] Referring to Figure 6, another alternative third embodiment of
a multi-stage valve assembly 10B is shown. The multi-stage valve assembly 10B
has many components and features identical to those of valve assemblies 10 and 1
OA, and identical reference numbers are used to refer to identical components an
d features. The valve assembly 10B includes main float 34B with a seal 39B that
may be a ribbon seal such as ribbon seal 39 of Figures 1-5, or a seal secured a
t both ends to the float 34B for movement with the float 34. The valve assembly
10B includes a housing 14B defining a main chamber 16B and formed with an exten
sion 61B defining an auxiliary chamber 62B. The main chamber 16B is directly op
en to the fuel level in the tank 12 at bottom depression 30B. When fuel level r
ises above the bottom depression 30B, venting of the vapor space 24 through the
bottom depression 30B ceases. The extension 61B has a side opening 64B in commun
ication with vapor space 24 and a bottom opening 66B open to fuel in the tank 12
. A secondary float 68 is supported in the auxiliary chamber 62B and includes a
needle valve portion 70 configured to selectively interfere with float opening

72 within the chamber 62B.

[0028] The housing 14B includes a separate opening 78 communicating p
ressure in vapor space 24 with the diaphragm 40. The secondary float 68, needle
valve 70 and diaphragm 40 operate as described with respect to Figure 5, except
that rather than being in series with one another, they operate in parallel to
affect vent flow through the vent opening 22B. Venting of the vapor space 24 pa
st the diaphragm 40 is in response to a predetermined pressure differential betw
een the pressure of the vapor space 24 and the pressure at the vapor vent outlet
20, which act on opposite sides of the diaphragm 40. Venting of the vapor spac
e 24 past the secondary float 68 and needle valve portion 70 through opening 64B
and past float opening 72 is in response to fuel level in the tank 12 outside o
f the chamber 16B. Thus, venting of the vapor space 24 past the diaphragm 40, a
s represented by arrow V17, is independent of venting of vapor space 24 past the
secondary fTloat 68 with needle valve portion 70, as represented by arrow V18, w
ith either or both sources of vapor venting combining at the bypass vent opening
22B to vent past the vapor vent passage 18B and out through the vapor outlet 20

B, as represented by arrow V19.
[0029] Referring to Figure 7, vapor vent flow in liters per minute (I
pm) versus pressure (kPa) through a valve assembly similar to the valve assembly
10A of Figures 1-4 but having an open bottom to permit fuel into a chamber that
houses the main valve, rather than having a vent window like window 28 and a de
pression like depression 30 with drain openings a relatively large fuel inlet op
ening. The vapor vent flow in the valve tested is via vapor flow from a vapor s
pace like the vapor space 24 past a bypass opening like the bypass opening 22 an
d a diaphragm like diaphragm 40. The flow is shown for various levels of fuel
in the tank 12 above the bottom opening of the housing. A first curve 80 repre
sents performance of the valve assembly with fuel level in the tank at 2.5 mm ab
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ove the bottom opening. Curve 82 represents performance of the valve assembly w
ith fuel level in the tank at 17.5 mm above the bottom opening. The curves 80 a
nd 82 indicate that the diaphragm opens to adjust vapor vent flow from the vapor
space at about 4 kPa in the vapor space, which corresponds with the predetermi
ned pressure differential between the vapor space and the vapor outlet at whic
h the diaphragm 1is configured to open. With the addition of the diaphragm, ven
ting from the vapor space 24 is made to increase as pressure increases (i.e., ve
nting is greater at or above 4 kPa than when pressure is below 4 kPa). The valv
e assembly 10A of Figures 1-4 is expected to provide vapor vent flow in a genera
Ily similar manner as illustrated by curves 80, 82.
[0030] Figure 8 illustrates the performance of a valve assembly subst
antially identical to valve assembly 10, having a bypass vent opening, but not h
aving a secondary closure device. Venting of the vapor space through the bypass
opening occurs without control or adjustment by a secondary closure device. A
First curve 86 represents performance of the valve assembly with fuel level in t
he tank level with a bottom opening in the valve assembly, 1.e., generally at th
e point of nozzle shutoff. Second curve 88 represents performance of the valve
assembly with fuel level in the tank at 10 mm above the bottom opening in the va
lve assembly. Third curve 90 represents performance of the valve assembly with
fuel level in the tank at 20 mm above the bottom opening in the valve assembly.
Curves 86, 88 and 90 generally illustrate the phenomena of steady state vapor v
ent flow from the vapor space after nozzle shutoff through a constantly open by
pass opening. These types of curves are generally flat, but may have a slight p
ositive or negative slope depending on the precise conditions required to mainta
in flow equilibrium at each pressure. The curves indicate that flow is not cons
trained prior to reaching a threshold pressure, unlike curves 80 and 82 of Figur
e 7. Curves 80 and 82 described above with respect to Figure 7 constrain vapor
vent flow prior to the predetermined pressure differential at 4 kPa. Thus, a se
condary closure device as described herein, such as diaphragm 40, modifies the v
apor vent flow performance relative to a valve assembly with no secondary closur
e device and therefore no bypass venting adjustment or control.
[0031] Referring to Figure 9, another embodiment of a multi-stage val
ve assembly 10C is shown. Valve assembly 10C is alike in all aspects to valve a
ssembly 10B of Figure 6, and functions the same as valve assembly 10B, with the
exception that the secondary float 68 with needle valve portion 70 is replaced b
y a motion sensitive valve 92. The motion sensitive valve 92 is depicted as a s
imple ball valve that rests atop the opening 72A. When fuel tank 12 is in motio
n (i.e., when a vehicle to which tank 12 is mounted is in motion), the ball 90 m
oves off of the opening 72, permitting Flow through opening 72A and bypass vent
opening 22B.
[0032] While the best modes for carrying out the invention have been
described in detail, those familiar with the art to which this invention relates
will recognize various alternative designs and embodiments for practicing the 1
nvention within the scope of the appended claims.
Claims

CLAIMS

1. A valve assembly (10, 10A, 10B, 10C) for controlling fluid commun
ication between a vapor space (24) of a fuel tank (12) and a vapor outlet (20),
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comprising:

a housing (14, 14A, 14B) defining a chamber (16, 16B) configured to be open to t
he tank when at least a portion of the housing is placed in the fuel tank, and f
urther defining a vapor vent passage (18, 18B) in fluid communication with the c
hamber; wherein the chamber is in selective fluid communication with the vapor o
utlet through the vapor vent passage;
a main float (34, 34B) disposed in the chamber and operable for restricting vent
ing through the vapor vent passage when fuel in the chamber reaches a predetermi
ned level (26A);
wherein the housing defines a bypass vent opening (22, 22B) above the predetermi
ned level for fluidly communicating the vapor space with the vapor vent passage;
and
a secondary closure device (40, 68, 90) movable independently of the main float
to control venting of the vapor space through the bypass vent opening in respons
e to at least one operating condition in the fuel tank outside of the chamber.

2. The valve assembly of claim 1, wherein the secondary closure devic
e is a second float (68, 90) exposed to fuel in the fuel tank outside of the cha
mber .

3. The valve assembly of claim 2, wherein the at least one operating
condition is fuel level in the fuel tank outside of the chamber; wherein the hou
sing defines a float opening (72, 72A) aligned with the second float and in flui
d communication with the bypass vent opening; and wherein the second float modif
ies vapor vent flow through the float opening in correspondence with the fuel le
vel in the fuel tank outside of the chamber.

4. The valve assembly of claim 3, wherein the at least one operating
condition is a predetermined pressure difference between the vapor space and the
vapor vent outlet; and further comprising:

a pressure-sensitive diaphragm (40) sealed to the housing in exposure to the va
por space on one side and to the vapor vent outlet on an opposing side and movab
le in response a predetermined pressure differential between the vapor space and

the vapor outlet to permit venting of the vapor space through the bypass openin
g, the second float and pressure-sensitive diaphragm thereby adjusting venting T
rom the vapor space iIn response to both fuel level in the tank outside of the op
ening and the predetermined pressure differential.

5. The valve assembly of claim 2, wherein the at least one operating
condition is a predetermined pressure differential between the vapor space and t
he vapor vent outlet; and further comprising:

a pressure-sensitive diaphragm (40) sealingly mounted to the housing in exposure
to the vapor space on one side and to the vapor outlet on an opposing side and
movable in response the predetermined pressure differential between the vapor sp
ace and the vapor outlet to permit venting of the vapor space through the bypass
opening, the pressure-sensitive diaphragm thereby adjusting venting from the va

por space in response to the predetermined pressure differential.
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6. The valve assembly of claim 1, wherein the at least one operating
condition is a pressure differential between the vapor space and the vapor outle
t.

7. The valve assembly of claim 1, wherein the at least one operating
condition is fuel level in the tank outside of the chamber.

8. The valve assembly of claim 1, wherein the secondary closure devic
e is a ball valve (90).

9. A valve assembly (10, 10A, 10B) for a fuel tank (12) comprising:

a valve housing (14, 14A, 14B) mounted to the fuel tank and defining a chamber (
16, 16B) with a vapor vent passage (18, 18B) in communication with a vapor outle
t and further defining a bypass passage (22, 22B) in fluid communication with bo
th the chamber and the fuel tank outside of the chamber;

a First valve (34, 34B) movable in the chamber toward the vapor vent passage in

response to liquid fuel in the tank and configured to reduce vapor flow from the
tank through the vapor vent passage when the first valve moves toward the vapor
vent passage; and

a second valve (40, 68, 90) mounted with respect to the bypass passage at least

partially outside of the chamber and configured to move independently of the Ffir
st valve to vary vapor flow through the bypass passage in response to at least o
ne operating condition in the fuel tank outside of the chamber at which the firs
t valve has moved to reduce vapor Flow through the vapor vent passage.

10. The valve assembly of claim 9, wherein the second valve is a float
(68) configured to move toward the bypass passage in response to a predetermine
d fuel level (26E) in the tank outside of the chamber.

11. The valve assembly of claim 10, wherein the predetermined fuel lev

el (26E) in the tank outside of the chamber is lower than a predetermined liquid

level (26B) inside of the chamber at which the first valve reduces vent flow th
rough the vent passage.

12. The valve assembly of claim 9, wherein the at least one operating
condition is fuel level (26E) in the fuel tank outside of the chamber; wherein t
he second valve is a float (68) exposed to fuel in the fuel tank outside of the
chamber; wherein the housing defines a float opening (72) aligned with the secon
d float and in fluid communication with the bypass passage; and wherein the floa
t modifies vapor vent flow through the float opening in correspondence with fuel

level in the tank outside of the chamber.

13. The valve assembly of claim 9, wherein the at least one operating
condition is a predetermined pressure differential between the vapor space and t
he vapor vent outlet; and
wherein the secondary valve is a pressure-sensitive diaphragm (40) sealingly mou
nted to the housing in exposure to vapor space in the fuel tank on one side and
to the valve outlet on an opposing side and movable in response a predetermined



(23) JP 2010-64736 A 2010.3.25

pressure differential between the vapor space and the valve outlet to permit ven
ting of the vapor space through the bypass passage, the pressure-sensitive diaph
ragm thereby adjusting venting from the vapor space in response to the predeterm
ined pressure differential.

14. A multi-stage valve assembly (10, 10A, 10B, 10C) for use with a fu
el tank (12) for controlling fluid communication from the fuel tank to a vapor o
utlet, comprising:

a housing (14, 14A, 14B) defining a chamber (16, 16B), a vent opening (18, 18B)
at the chamber and a bypass vent opening (22, 22B); wherein the chamber and the
bypass opening are in fluid communication with the tank when at least a portion
of the housing is mounted to the tank;

a First valve (34, 34B) within the chamber configured to permit venting from the
chamber under a first set of operating conditions in the chamber, thereby estab
lishing a first stage of the valve, and to restrict venting from the chamber und
er a second set of operating conditions in the chamber, thereby establishing a s
econd stage of the valve; and

a second valve (40, 68, 90) configured to move independently of the first valve
to adjust vapor flow from the tank through the bypass vent opening In response t
o a different set of operating conditions in the tank outside of the chamber.

15. The multi-stage valve of claim 14, wherein the first set of operat
ing conditions include a fTirst fuel level (26) below the chamber; and wherein th
e second set of operating conditions include a second fuel level (26B) in the ch
amber higher than the first fuel level.

16. The multi-stage valve assembly of claim 14, wherein the different
set of operating conditions is a range of fuel levels (26A, 26C, 26E, 26F) in th
e tank outside of the chamber higher than the first fuel level.

17. The multi-stage valve assembly of claim 14, wherein the valve asse
mbly is configured such that vapor flow through the bypass vent opening acts on
the fTirst valve to cause the fTirst valve to allow additional vapor flow from the

second valve to the vapor outlet when the second valve adjusts the vapor flow.

FUEL TANK VALVE ASSEMBLY WITH ADJUSTABLE BYPASS VENT FLOW

ABSTRACT OF THE DISCLOSURE

A valve assembly (10, 10A, 10B, 10C) is provided that permits adju
stable vent flow from the fuel tank vapor space (24) through a bypass vent openi
ng (22, 22B) based on a condition in the vapor space after nozzle shutoff. The
valve assembly including a first valve (34, 34B), also referred to as a main flo
at, that provides rollover protection and controls venting of the vapor space pr
ior to nozzle shutoff. A secondary closure device (40, 68, 90), also referred t
0 as a second valve, moves independently of the first valve to control venting o
f the vapor space after nozzle shutoff through a bypass vent opening (22, 22B) f
ormed in the valve housing (14, 14A, 14B) in response to at least one operating
condition in the fuel tank outside of a chamber defined by the valve housing in
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which a main float (34, 34B) moves.
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