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(57) Abstract: A fuel tank system constructed in accordance to one example of the present disclosure includes a fuel tank, a first vent
tube, an evaporative emissions control system and a cam driven tank venting control assembly. The first vent tube is disposed in the fuel
tank. The evaporative emissions control system is configured to recapture and recycle emitted fuel vapor. The evaporative emissions
control system has a controller. The cam driven tank venting control assembly has a rotary actuator that rotates a cam assembly based
on operating conditions. The cam assembly has at least a first cam having a first cam profile configured to selectively open and close
the first vent tube based on operating conditions.
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ELECTRONIC EVAPORATIVE EMISSIONS MANAGEMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Patent Application No. 82/475,584
filed on March 23, 2017, U.G. Patent Application No. 62/465 482 filed on March 1, 2017,
.8, Patent Application No. 62/455178 filed on February 6, 2017, U.S. Patent
Application No. 62/339,465 filed on May 20, 2016, U.S. Patent Application No.
62,336,963 filed on May 16, 2016, U.S. Patent Application No. 62/356,851 filed on June
30, 2016, and indian Patent Application No. 201711009914 filed on March 21, 2017.

The disclosures of the above applications are incorporated herein by reference.

FIELD
(006021 The present disclosure relates generally 1o fuel tanks on passenger vehicles and
more particularly to a fuel tank having an electronically controlied module that manages

the complete evaporative system for the vehicle.

BACKGROUND

[0603] Fuel vapor emission control systems are becoming increasingly more complex,
in large part in order to comply with environmental and safety regulations imposed on
manufacturers of gasocline powered vehicles. Along with the ensuing overall system
complexity, complexity of individual components within the system has also increased.
Certain regulations affecting the gasoline-powered vehicle industry require that fuel
vapor emission from a fuel tank’s ventilation system be stored during periods of an
engine’s operation. In order for the overall vapor emission control system o continue to
function for its intended purpose, periodic purging of stored hydrocarbon vapors is
necessary during operation of the vehicle.

[0004] The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the

extent it is described in this background section, as well as aspects of the description
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that may not otherwise qualify as prior art at the time of filing, are neither expressly nor

impliedly admitted as prior art against the present disclosure.

SUMMARY

(00051 A fuel tank system constructed in accordance to one example of the present
disclosure includes a fuel tank, a first vent tube, an evaporative emissions conirol
system and a cam driven tank venting control assembly. The first vent tube is disposed
in the fuel tank. The evaporative emissions control system is configured to recapture
and recycle emiited fuel vapor. The evaporative emissions control system has a
controller. The cam driven tank venting conirol assembly has a rotary aciuator that
rotates a cam assembly based on operating conditions. The cam assembly has at least
a Tirst cam having a first cam profile configured o selectively open and close the first
vent tube based on operating conditions.

[0006] According to additional features, the first cam profile has profiles that correspond
to at least a fully closed valve position, a fully open valve position and a partially open
valve position. The fuel tank system further includes a second vent tube disposed in the
fuel fank. The cam assembly further comprises a second cam having a second cam
profile configured {0 selectively open and close the second vent tube based on
operating conditions. The second cam profile has profiles that correspond 1o at least a
fully closed valve position, a fuily open valve position and a partially open valve position.
The fuel tank system can further comprise a third cam having a third cam profile and a
fourth cam having a fourth cam profile. The third cam profile is configured to seleclively
open and close a third vent tube disposed in the fuel tank. The fourth cam profile is
configured to selectively open and close a fourth vent tube disposed in the fuel tank.
The fuel tank system further includes a first valve. The first valve selectively opens and
closes based on rotation of the first cam. The first valve can be a poppet valve. The
fuel tank system can further include a second valve. The second valve selectively
opens and closes based on rofation of the second cam. The second valve can be a
poppet valve.

(00071 A fuel tank system constructed in accordance to additional features of the

present disclosure includes a fuel tank and an evaporative emissions control system.
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The evaporative emissions control system is configured to recapture and recycie
emitied fuel vapor. The evaporative emissions control system includes a liquid trap, a
firsi device, a second device, a conirol module and a G-sensor. The first device is
configured to selectively open and close a first vent. The second device is configured to
selectively open and close a second vent. The control module regulates operation of
the first and second solenocids 1o provide over-pressure and vacuum relief for the fuel
tank. The (-sensor provides a signal to the control module based on a measured
acceleration.

[0008] According to additional features, the fuel tank system includes a jet pump that is
driven by the fuel pump. The liquid trap signals the control module to actuate a jet
pump solenoeid to turm on the jet pump when the liguid trap fills to a predetermined point
and run for a specific period of time. The fuel tank system can further include a liquid
frap level sensor that measures liquid level in the liquid level trap. The fuel tank system
can include a fuel level sensor. The fuel level sensor indicates fuel level thereat. The
first and second devices close based on the fuel level reaching a threshold. The first
device is selectively opened and closed o adjust the rate of pressure rise within the fusl
tank. The first device can be a first solencid. The second device can be a second
solenocid.

(00097 A fuel tank system constructed in accordance to one example of the present
disclosure includes a fuel tank and an evaporative emission confrol system. The
evaporative emissions control system is configured o recapiture and recycle emitied
fuel vapor. The evaporative emissions control system further includes a manifold
assembly having a first solenoid and a second solencid. The control module is
configured to regulate operation of the first and second solenocids (o selectively open
and close pathways in the manifold assembly o provide over-pressure and vacuum
relief for the fuel tank.

108107 According to additional features, the fuel tank system can further inciude a first
roller over valve pick up iube disposed in the fuel {ank and fluidly connected to the
manifold assembly. A second roll over valve pick up tube can be disposed in the fuel
tank and is fluidly connected to the manifold assembly. A fuel line vent vapor (FLVV)

pick-up tube can be disposed in the fuel tank and be fluidly connected to the manifoid
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assembly. A float level sensor assembly can be disposed in the fuel tank and be
configured to provide a signal to the control module indicative of a fuel level state.
(00111 According to other features, a first vent valve can be disposed in the fuel tank
and be fluidly connected to the manifold assembly. A second vent valve can be
disposed in the fuel tank and be fluidly connected to the manifold assembly. The fuel
tank system can further include a liquid trap. The liquid trap can further comprise 3
venturi jet that is configured to drain liquid from the liquid trap by way of a vacuum. One
of the first and second vent valves can further comprise a liguid vapor discriminator.
One of the first and second vent valves comprises a solenoid activated vent valve. The
solenocid activated vent valve can further comprise a vent valve body that defines a first
opening and a second opening. The first opening communicates with a canister. The
second opening communicates with the manifoid assembly. The solenocid activated
vent valve further includes a biasing member that biases a spring plate toward a seal.
The spring plate further comprises an overmolded diaphragm.

[6012] An evaporative emissions control system configured {0 recapture and recycle
emitted fuel vapor on a vehicle fuel tank constructed in accordance to one example of
the present disclosure includes a first vent tube, a second vent tube, a first vent valve, a
second vent valve, a vent shut-off assembly and a control module. The first and second
vent tubes are disposed in the fuel tank. The first vent valve is disposed on the first
vent tube and is configured to seleclively open and close a first port fluidly coupled to
the first vent tube. The second vent valve is disposed on the second vent tube and is
configured to seleclively open and close a second port fluidly coupled to the second
vent tube. The vent shul-off assembly selectively opens and closes the first and second
valves o provide overpressure and vacuum relief for the fuel tank. The control moduie
regulates operation of the vent shut-off assembly based on operating conditions.

[0013] According o other features, the vent shut-off assembly comprises a cam
assembly having a cam shaft that includes a first cam and a second cam. The first and
second cams have respective profiles that correspond to at least a fully opened valve
position, a fully closed valve position and a partially open valve position. The first and
second vent valves are caused {0 selectively open and close based on rotation of the

respective first and second cams to deliver fuel vapor through the respective first and
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second tubes. The evaporative emissions control system can further include an
actuator assembly that drives the cam assembly. The actuator assembly includes 3
motor. The motor can include a direct current motor that rotates a worm gear that in
turn drives a drive gear coupled to the cam shaft.

[0014] According to other features, the cam assembly is received in a housing. The
motor is mounted cutboard of the housing. In ancther arrangement, the cam assembly
and the motor can be received in a housing. The housing can further include a drain
configured thereon. The evaporative emissions conirol system can further include a
third valve tube and a third vent valve. The third vent tube is disposed in the fuel tank.
The third veni valve is disposed on the third vent tube and is configured to selectively
open and close a third port fluidly coupled to the third vent tube. The cam assembly
further includes a third cam that selectively opens and closes a third port fluidly coupled
to the third vent valve.

[0015] In other features, the third port is configured sclely as a refueling port.  During
refueling, the third valve is opened by the third cam until the control module controls the
vent shut-off assembly to close the third valve based on a fuel level reaching a
predetermined level corresponding to a “Fill” position. The vent shut-off assembly can
inciude a first cam shaft having a first cam and a second cam shaft having a second
cam. The first and second cam shafts can be coaxial and configured for relative
rotation. The second cam shaft is configured {o rotate upon engagement of a first tab
arranged on the first cam shaft and a second {ab arranged on the second cam shaft.
[0016] According io other fealures, the vent shut-off assembly comprises a solenoid
that acluates a valve member assembly relative to a valve body. The valve body has a
first inlet, a second inlet and an oullet. The valve member assembly comprises a first
valve closing element, a second valve cdlosing element and a third valve closing
glement. The first valve closing element is supported by a distal shaft. The second
valve closing element defines apertures therethrough and is supporied by the distal
shaft. The third valve closing element is supported by a proximal shaft. The first valve
closing element selectively closes the first inlel. The second and third valve closing
glements selectively close the second inlet. A first biasing member can be arranged

between a first spring support and the first valve closing element. The first biasing
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member biases the first closing element toward a closed position. A second biasing
member can be arranged between the first spring support and the second valve closing
glement. The second biasing member biases the second closing element toward a
closed position. A third biasing member can be arranged between a second spring
support and the third valve closing element. The third biasing member can bias the
third closing element toward a closed position.

(00171 In other features, the vent shut-off assembly comprises a single cam having a
first cam lobe that seleclively engages the first vent valve and a second cam lobe that
selectively engages the second vent valve. The single cam seleclively rotates between
four venting positions. In a first position, the first and second valves are closed. In a
second position, the first valve is open and the second valve is closed. In a third
position, the first valve is closed and the second valve is open. In a fourth position, the
first and second valves are open. In one arrangement, a valve shuttle collectively
comprises the first and second vent valves. The valve shutlle can ifransiate within a
main housing that defines a first port, a second port, a third port and a fourth port. An
actuator assembly drives the cam assembly. The actuator assembly includes a molor
that actuates a ball screw mechanism.  Actuation of the ball screw mechanism
translates the valve shuttle within the main housing.

[6818] In another configuration, the vent shut-off assembly comprises a rack and pinion
assembiy having a drive gear driven by g motor and a driven gear that rotates at least
one cam. The vent shut-off assembly can include a pneumatically driven motor that
drives at least one cam. The vent shut-off assembly can include a hydraulically driven
motor that drives at least one cam. An energy storage device can be connected {o the
vent shut-off assembly. The energy siorage device provides power {0 the vent shut-off
assembly in the event of power loss. The vent shut-off assembly can include a solenoid
valve having a valve body that defines a first port, a second port and a third port. A first
seal assembly seleclively opens and closes the first porl. A second seal assembly
selectively opens and closes the second port. First and second electromagnetic coils
selectively move the respective first and second seal assemblies. The first vent valve
can be two-staged. In one arrangement, the acluator assembily is driven by a fuel pump

in the fuel tank.
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(00191 According to other features, the vent shut-off assembly includes a cam disk that
selectively transiates first and second valves in a follower guide to open the respective
first and second ports. The first and second valves include respective cam followers on
distal ends thereof. The cam followers slidably engage a cam profile arranged on the
cam disk. A manifold defines fluid paths associated with the first and second ports.
(006207 A fuel tank system constructed in accordance to additional features of the
present disclosure includes a fuel tank and an evaporative emissions control system.
The evaporative emissions control system is configured {o recapiure and recycie
emitted fuel vapor. The evaporative emissions control system includes a first vent
valve, a second vent valve, a pressure sensor and a control module. The first vent
valve is configured 1o selectlively open and close a first vent. The second vent valve is
configured to seleclively open and close a second vent. The pressure sensor is
configured 1o sense a pressure in the fuel tank. The control module is configured to
regulate operation of the first and second vent valves to provide over-pressure and
vacuum relief for the fuel tank. The control module is programmed {o periodically
monitor the pressure in the fuel tank, Future control of the first and second vent valves
is based on differences in the measured fuel tank pressure and the liquid level.

[0021] According to other features, the control module is programmed to maintain the
first and second vent valves in a current position if a currently measured fuel tank
pressure is greater than a previously measured fuel tank pressure. The fuel tank
system can further include a liguid trap, g liquid level sensor, a fuel level sensor and a
G-sensor. The liquid level sensor can be configured o determine a liquid level in the
iguid trap. The fuel level sensor can be configured to determine a fuel level in the fuel
tank. The G-sensor can provide a signal to the control module based on a measured
acceleration. The control module is further programmed to determing if a G-sensor and
fuel level measurement combination are part of an existing dynamic map.

108221 A method of controlling an evaporative emissions control system associated with
a fuel tank and configured to recapture and recycle emitied fuel vapor is provided. The
evaporative emissions control system includes a liquid trap, a first vent valve configured
to selectively open and close a first vent, a second vent valve configured to selectively

open and close a second vent, and a G-sensor configured to measure an acceleration
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of the fuel tank. The first and second vent valves are set in a first position. A first fuel
tank pressure is determined. A second fuel tank pressure is determined. A
determination is made whether the second fuel tank pressure is greater than the first
fuel tank pressure. The first and second vent valves are mainiained in the first position
if the second fuel tank pressure is greater than the first fuel {ank pressure. An
acceleration from the G-sensor and a fuel level in the fuel tank is determined if the
second fuel tank pressure is not greater than the first fuel tank pressure. The first and
second valves are set {0 a second position based on the determined acceleration and
fuel level. A determination is made whether the determined acceleration and fusl level
are part of an existing dynamic map associated with the evaporative emissions control
system. The delermined acceleration and fuel level are subsequently added to the

dynamic map.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The present disclosure will become more fully undersiood from the delailed
description and the accompanying drawings, wherein:
[6024] FIG. 1 is a schematic illustration of a fuel fank system having an evaporative
emissions controf system including a vent shut-off assembly, a controller, an elecirical
connector and associated wiring in accordance 1o one example of the present
disclosure;
[0025] FIG. 2 is a front perspective view of an evaporative emissions control system
inciuding a vent shut-off assembly configured with solenoids according to one exampie
of the present disclosure;
[0026] FIG. 3 is an exploded view of the evaporative emissions control system of FIG.
2;
(00271 FIG. 4 is a perspeclive view of a fuel tank system having a vent shut-off
assembly and configured for use on a saddie fuel tank according {o another example of
the present disclosure and shown with the fuel tank in section view,
[0028] FIG. 5 is a perspective view of the vent shut-off assembly of the fuel tank system
of FiG. 4;
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[0029] FIG. © is a top perspeclive view of a vent shut-off assembly constructed in
accordance to additional features of the present disclosure;

[0030] FIG. 7 is a bottom perspective view of the vent shut-off assembly of FIG. 6;
[0031] FIG. 8 is a sectional view of the vent shut-off assembly of FIG. 6 taken along
lines 8-8;

[0032] FIG. 9 is a sectional view of the vent shut-off assembly of FIG. 6 taken along
lines 9-9;

[0033] FIG. 10 is a front perspeclive view of a vent shut-off assembly constructed in
accordance to another example of the present disclosure;

[0034] FIG. 11 is a sectional view of the vent shut-off assembly of FIG. 10 taken along
lines 11-11;

[0038] FIG. 12 is a sectional view of the vent shut-off assembly of FIG. 10 taken along
lines 12-12;

[0036] FIG. 13 is an exploded view of the vent shut-off assembly of FIG. 10;

(00377 FIG. 14 is a front perspeclive view of a vent shut-off assembly constructed in
accordance to another example of the present disclosure;

[0038] FIG. 15 is a front view of the vent shut-off assembly of FIG. 14,

[0039] FIG. 16 is a sectional view of the vent shut-off assembly of FIG. 15 taken along
lines 16-16;

[0040] FIG. 17 is a sectional view of the vent shut-off assembly of FIG. 15 taken along
lines 17-17;

(00411 FIG. 18 is a sectional view of a vent shut-off assembly constructed in
accordance to additional features of the present disclosure and shown with the valve
member gssembly in a first position wherein first and second inlels are closed,;

[0042] FIG. 19 is a sectional view of the vent shut-off assembly of FIG. 18 and shown
with the valve member assembly in a second position wherein the first inlet is open and
the second inist is closed;

[0043] FIG. 20 is a sectional view of the vent shut-off assembly of FIG. 18 and shown
with the valve member assembly in a third position wherein the first inlet is closed and

the second inlet is open;
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[0044] FIG. 21 is a sectional view of the vent shut-off assembly of FIG. 18 and shown
with the valve member assembly in a fourth position wherein the first and second inlets
are open;

[0045] FIG. 22 is a schematic illustration of a valve control assembly for use on g fuel
tank system having an evaporative emissions control system in accordance {0 one
example of the present disclosure and show prior to actuation;

[0046] FIG. 23 is a schematic illustration of the valve control assembly of FIG. 22 and
shown subsequent to valve actuation;

[0047] FIG. 24 is a sectional sequential view of the valve control assembly of FIG. 22;
[0048] FIG. 25 is another schematic illustration of the valve control assembly of FIGS.
22 and 23;

[0049] FIG. 26 is a top view of a cam mechanism of the valve control assembly of FIG.
25;
[00B0] FIG. 27 is a schematic Hlustration of a valve control assembly constructed in
accordance to another example of the present disclosure,

[00581] FIG. 28 is a plot of lsakage versus time for the valve control assemblies of the
present disclosure;

[00582] FIG. 29 is a schematic Hlustration of a valve control assembly constructed in
accordance to another example of the present disclosure and shown prior to actuation;
[0083] FIG. 30 is a schematic illustration of the valve control assembly of FIG. 29 and
shown subsequent to acluation;

[0084] FIG. 31 is a schematic illustration of a valve control assembly constructed in
accordance to another example,

[00858] FIG. 32 is a sectional view of a vent shut-off assembly constructed in
accordance to ancther example of the present disclosure and shown in a first venting
state where first and second poppet valves are closed;

[0056] FIG. 33 is a sectional view of the vent shut-off assembly of FIG. 32 and shown
with the first poppet vaive open and the second poppet valve closed;

[0057] FIG. 34 is a sectional view of the vent shut-off assembly of FIG. 32 and shown

with the first and second poppet valves open;

10
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[0088] FIG. 35 is a sectional view of the vent shut-off assembly of FIG. 32 and shown
with the first poppet valve closed and the second poppet valve open;

[0089] FIG. 38 is a sectional view of a vent shut-off assembly constructed in
accordance to another example of the present disclosure;

[0080] FIG. 37 is a partial sectional view of a vent shut-off assembly constructed in
accordance to another example of the present disclosure;

[0061] FIG. 38 is a partial sectional view of a valve arrangement configured for use with
two-stage actuation, the valve arrangement shown in a first position;

[0062] FIG. 39 is a partial sectional view of the valve arrangement of FIG. 38 and
shown in a second position;

[0063] FIG. 40 is a schematic illustration of a vent shul-off assembly constructed in
accordance to additional features of the present disclosure,

[0064] FIG. 41 is a schematic illustration of a vent shul-off assembly constructed in
accordance to additional features of the present disclosure,

[0065] FIG. 42 is a schemalic illustration of a vent shut-off assembly constructed in
accordance to additional features of the present disclosure and shown having valves in
an open position;

[0086] FIG. 43 is a schematic illustration of the vent shut-off assembiy of FIG. 42 and
shown with the valves in a closed position;

[0087] FIG. 44 is a schematic illustration of a vent shul-off assembly constructed in
accordance to additional features of the present disclosure;

[0088] FIG. 48 is a schematic illustration of a vent shul-off assembly constructed in
accordance to additional features of the present disclosure and shown with a ceniral
disc in a first position;

[0069] FIG. 46 is a schematic illustration of the vent shut-off assembly of FIG. 45 and
shown with the central disc in a second position;

[00707 FIG. 47 is a schematic Hlustration of a valve control assembly constructed in
accordance to one example of the present disclosure;

[0071] FIG. 48 is a sectional view of a valve shuttie and main housing shown with the

valve shuttle in a first position;

i1
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[0072] FIG. 49 is a sectional view of the valve shuttle and main housing of FIG. 48 and
shown with the valve shuttle in a second position;

[0073] FIG. 50 is a sectional view of a vent shut-off assembly constructed in
accordance to another example of the present disclosure and shown with a rack and
driven gear in a first position;

[0074] FIG. 51 is a sectional view of the vent shut-off assembly of FIG. 580 and shown
with the rack and driven gear in a second position;

[0078] FIG. 52 is a schematic illustration of a hydraulically driven vent shut-off assembly
constructed in accordance to another exampie of the present disclosure and shown with
a cam assembly in a first position;

[00786] FIG. 53 is a schematic illustration of the vent shut-off assembly of FIG. 52 and
shown with the cam assembly in a second position;

00771 FIG. 54 is a schematic illustration of a pneumatically driven vent shut-off
assembly constructed in accordance {0 another example of the present disclosure and
shown with a cam assembly in a first position;

[0078] FIG. 55 is a schematic illustration of the vent shut-off assembiy of FIG. 54 and
shown with the cam assembly in a8 second position;

[0O79] FIG. 56 is a schematic illustration of a fuel tank system constructed in
accordance to additional features of the present disclosure and incorporating a refueling
baffle;

[00807 FIG. 57 is a sectional view of a refueling baffle constructed in accordance to one
gxample of the present disclosure and shown with a cut in a first open position {solid
line} and a second closed position {phantom ling);

[0081] FIG. 58 is a sectional view of a refueling baffle construcied in accordance to
anocther example of the present disclosure and shown with a cut in a first open position
(solid line) and a second closed position (phantom line);

[0082] FIGS. 59A-58D iilustrate an exemplary method of controlling a fuel tank system
according 1o one example of the present disclosure;

[00831 FIG. 80 is a seclional view of a vent shut-off assembly constructed in
accordance to another example of the present disclosure;

[0084] FIG. 61 is an exploded view of the vent shut-off assembly of FIG. 80;

12
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[0085] FIG. 62 is a top view of a disk of the vent shut-off assembly of FIG. 60;

[0086] FIG. 63 is a top perspective view of the disk of FIG. 62; and

[0087] FIG. 64 is a partial sectional view of a manifoid of the vent shut-off assembly of
FIG. 60.

DETAILED DESCRIPTION

[0088] Turmning now to FIG. 1, a fuel tank system constructed in accordance o one
example of the present disclosure is shown and generally identified at reference number
1010. The fuel tank system 1010 can generally include a fuel tank 1012 configured as a
reservoir for holding fuel {0 be supplied o an internal combustion engine via a fuel
delivery system, which includes a fuel pump 1014, The fuel pump 1014 can be
configured to deliver fuel through a fuel supply ling 1016 {o a vehicle engine. An
gvaporalive emissions control system 1020 can be configured to recapture and recycle
the emitted fuel vapor. As will become appreciated from the following discussion, the
evaporative emissions control system 1020 provides an elecironically controlled moduie
that manages the complete evaporative system for a vehicle.

[6089] The evaporative control system 1020 provides a universal design for all regions
and all fuels. In this regard, the requirement of unigue components needed {o salisfy
regional regulations may be avoided. instead, software may be adjusted io satisfy wide
ranging applications. in this regard, no unique components need to be revalidated
saving ltime and cost. A common architecture may be used across vehicle lines.
Conventional mechanical in-tank valves may be replaced. As discussed herein, the
evaporative control system 1020 may also be compatible with pressurized systems
inciuding those associated with hybrid powerirain vehicles.

[00907 The evaporative emissions control system 1020 includes a vent shui-off
assembly 1022, a manifold assembly 1024, a liquid trap 1026, a control module 1030, a
purge canister 1032, an energy storage device 1034, a first vapor tube 1040, a second
vapor fube 1042, an electrical connector 1044, a fuel delivery module (FDM) flange
1046 and a float level sensor gassembly 1048, The first vapor tube 1040 can terminate

at a vent opening 1041A that may include a baffle arranged at a top corner of the fuel
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tank 1012, Similarly, the second vapor tube 1042 can terminate at a vent opening
10418 that may include a baffle arranged at 3 top corner of the fuel tank 1012.

(00911 In one example, the manifold assembly 1024 can include a manifold body 1049
(FIG. 3) that routes venting o an appropriate vent tube 1040 and 1042 (or other vent
tubes) based on operating conditions. As will become appreciated from the following
discussion, the vent shut-off assembly 1022 can take may forms such as electrical
systems including sclencids and mechanical systems including DC motor actuated cam
systems.

[0092] Tuming now to FIGS. 2 and 3, a vent shut-off assembly 1022A constructed in
accordance to one example of the present disclosure is shown. As can be appreciated,
the vent shut-off assembly 1022A can be used as part of an evaporative emissions
control system 1020 in the fuel tank sysiem 1010 described above with respect to FIG.
1. The vent shut-off assembly 1022A includes two pair of solencid banks 1050A and
10508, The first solenoid bank 1050A includes first and second solenoids 1052A and
1062B. The second solenoid bank 10508 includes third and fourth solenoids 1082C
and 1052D.

(60831 The first and second solenocids 1052A and 10828 can be fluidly connecled to the
vapor tube 1040, The third and fourth solencids 1052C and 105820 can be fluidly
connecied to the vapor tube 1042, The control module 1030 can be adapted {0 reguiate
the operation of the first, second, third and fourth solenoids 1052A, 10528, 1052C and
10520 to selectively open and close pathways in the manifold assembly 1024, in order
to provide over-pressure and vacuum relief for the fuel tank 1012. The evaporative
emissions confrol assembly 1020 can additionally comprise a pump 1054, such as a
venturi pump and a safety rollover valve 1056, A conventional sending unit 1058 is aiso
shown.

(00941 The control module 1030 can further include or receive inputs from system
sensors, colleclively referred to at reference 1080, The system sensors 1060 can
include a tank pressure sensor 1060A that senses a pressure of the fuel tank 1012, a
canister pressure senscor 106808 thai senses a pressure of the canister 1032, 3
temperature sensor 1080C that senses a temperature within the fuel tank 1012, a tank

pressure sensor 10800 that senses a pressure in the fuel tank 1012 and a vehicle
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grade sensor and or vehicle accelerometer 1060k that measures a grade andfor
acceleration of the vehicle. It will be appreciated that while the system sensors 1060
are shown as a group, that they may be located all around the fuel tank system 1010,
[0095] The control module 1030 can addilionally include fill level signal reading
processing, fuel pressure driver module funclionality and be compatible for two-way
communications with a vehicle electronic control module (not specifically shown). The
vent shut-off assembly 1022 and manifold assembly 1024 can be configured to control a
flow of fuel vapor between the fuel fank 1012 and the purge canister 1032. The purge
canisier 1032 adapied io collect fuel vapor emitted by the fuel tank 1012 and to
subsequently release the fuel vapor to the engine. The control module 1030 can aiso
be configured to regulate the operation of evaporative emissions control system 1020 in
order to recapiure and recycle the emitted fuel vapor. The floal level sensor assembly
1048 can provide fill level indications to the conirol module 1030

[0086] When the evaporative emissions control system 1020 is configured with the vent
shut-off assembly 1022A, the control module 1030 can close individual solenocids
1052A-1062D or any combination of solenoids 1052A-10520D to vent the fusl tank
gystem 1010, For example, the solenoid 1062A can be actuated to close the vent 1040
when the float level sensor assembly 1048 provides a signal indicative of a full fuel level
state. While the control module 1030 is shown in the figures generally remotely located
relative to the solenoid banks 1050A and 10508, the control module 1030 may be
located elsewhere in the evaporative emissions control system 1020 such as adjacent
the canister 1032 for exampie.

[0871 With continued reference to FIGS. 1-3, additional features of the evaporative
emissions controf system 1020 will be described. In one configuration, the vent tubes
1040 and 1042 can be secured to the fuel tank 1012 with clips. The inner diameter of
the vent tubes 1040 and 1042 can be 3-4mm. The vent tubes 1040 and 1042 can be
routed to high points of the fuel tank 1012, In other examples, external lines and tubes
may additionally or alternatively be utilized. In such examples, the external lines are
connecied through the tank wall using suitable conneclors such as, but not limited to,

welded nipple and push-through connectors.
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(0881 As identified above, the evaporative emissions control system 1020 can replace
conventional fuel tank systems that require mechanical componenis including in-tank
valves with an electronically controlled module that manages the complete evaporative
system for a vehicle. in this regard, some components that may be eliminated using the
gvaporative emissions conirol system 1020 of the instant disclosure can include in-tank
valves such as GVV's and FLVV's, canister vent valve solenoid and associated wiring,
tank pressure sensors and associated wiring, fuel pump driver module and associated
wiring, fuel pump module electrical connector and associated wiring, and vapor
management valve(s) (system dependent). These eliminated components are replaced
by the control module 1030, vent shul-off assembly 1022, manifold 1024, solenoid
banks 1050A, 1050B and associated electrical connector 1044, Various cother
components may be modified {0 accommodate the evaporative emissions conirol
system 1020 including the fuel tank 1012, For example, the fuel tank 1012 may be
modified {o eliminate valves and internal lines to pick-up points. The flange of the FDM
1046 may be modified to accommeodate other components such as the control module
1030 and/or the electrical connector 1044, In other configurations, the fresh air line of
the canister 1032 and a dust box may be modified. In one example, the fresh air line of
the canister 1032 and the dust box may be connecied to the control module 1030.

(089 Tuming now to FIGS. 4 and 5, a fuel tank system 1010A constructed in
accordance to another example of the present disclosure will be described. Unless
otherwise described, the fuel fank system 1010A can include an evaporative emissions
control systemn 1020A that incorporate fegtures described above with respect to the fuel
tank system 1010, The fuel tank system 1010A is incorporated on a saddie type fuel
tank 1012A. A vent shut-off assembly 1022A1 can include a single actuator 1070 that
communicates with a manifold 1024A o control opening and closing of three or more
vent point inlets.  In the example shown, the manifold assembly 1024A routs to a first
vent 1040A, a second vent line 1042A and a third vent line 1044A. A vent 10468A routs
to the canister (see canister 1032, FIG. 1). A liquid trap 1052A and a drain 1054A are
incorporated on the manifold assembly 1024A. The fuel tank system 1010A can
perform fuel tank isclation for high pressure hybrid applications without reguiring a fuel

tank isolation valve (FTIV). Further, the evaporative emissions control system 10204
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can achieve the highest possible shut-off at the vent points. The system is not inhibited
by conventional mechanical valve shut-off or recpening configurations. Vapor space
and overall tank height may be reduced.

[0100] Tuming now to FIGS. 8-7, a vent shut-off gassembly 10228 constructed in
accordance to ancther example of the present disclosure will be described. The vent
shut-off assembly 10228 includes a main housing 1102 that aif least pariiaily houses an
actuator assembly 1110, A canister vent line 1112 routs to the canister (see canister
1032, FIG. 1). The actuator assembly 1110 can generally be used in place of the
solenoids described above (o open and close selected vent lines. The vent shut-off
assembly 10228 includes a cam assembly 1130. The cam assembly 1130 includes g
cam shaft 1132 that includes cams 1134, 1136 and 1138. The cam shaft 1132 is
rotatably driven by a motor 1140, In the example shown the motor 1140 is a direct
current motor that rotates a worm gear 1142 that in tum drives a drive gear 1144, The
motor 1140 is mounted outboard of the main housing 1102, Other configurations are
contemplated. The cams 1134, 1136 and 1138 rofate o open and close valves 1154,
1156 and 1158, respeclively. The valves 1154, 1156 and 1158 open and close {0
selectively deliver vapor through poris 1164, 1166 and 1168, respectively. In one
example the motor 1140 can alternately be a stepper molor. In cther configurations, a
dedicated DC motor may be used for each valve. Each DC motor may have a home
function. The DC motors can include a stepper motor, a bi-directional motor, a uni-
directional motor a brushed motor and a brushless motor. The home function can
inciude a hard stop, electrical or software implementation, trip switches, hard stop (cam
shaft), a potentiometer and a rheostat.

[0101] In one configuration the ports 1164 and 1166 can be routed to the front and back
of the fuel tank 1012. The port 1164 can be configured solely as a refueling port. In
operation, if the vehicle is parked on a grade where the port 1166 is routed to a low
position in the fuel tank 1012, the cam 1136 is rolated {0 a position {0 close the port
1164. During refueling, the valve 1154 associated with port 1164 is opened by the cam
1134. Once the fuel level sensor 1048 reaches a predetermined level corresponding to
a “Fill” position, the controller 1030 will close the valve 1154, In other configurations,

the cam 1134, valve 1154 and port 1162 can be eliminated leaving two cams 1136 and
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1138 that open and close valves 1156 and 1158, In such an example, the two ports
1164 and 1166 can be 7.5mm orifices. If both ports 1164 and 1166 are open, refueling
can occur. If less flow is required, & cam position can be atiained where one of the
valves 1156 and 1158 are not opened all the way.

[0102] Turmning now to FIGS. 10-13, a vent shut-off assembly 1022C constructed in
accordance to another example of the present disclosure will be described. The vent
shut-off assembly 1022C includes a main housing 1202 that at least partially houses an
actuator assembly 1210. A canister vent line 1212 rouis {0 the canister (see canister
1032, FIG. 1). The actuator assembly 1210 can generally be used in place of the
solenocids described above {0 open and close seiecied vent lines. The vent shui-off
assembly 1022C includes a cam assembly 1230. The cam assembly 1230 includes a
cam shaft 1232 that includes cams 1234, 1236 and 1238, The cam shaft 1232 is
rotatably driven by a motor 1240, In the example shown the motor 1240 is received in
the housing 1202, The motor 1240 is a direct current motor that rotates a worm gear
1242 that in turn drives a drive gear 1244, Other configurations are contemplated. The
cams 1234, 1236 and 1238 rotate {o open and close valves 1254, 1256 and 1288,
respectively. The valves 1254, 1256 and 1258 open and close {0 seleclively deliver
vapor through ports 1264, 1266 and 1268, respectively. In one example the motor 1240
can alternaiely be a stepper motor. A drain 1270 can be provided on the housing 1202.
[0103] In one configuration the ports 1264 and 1266 can be routed to the front and back
of the fuel tank 1012. The port 1264 can be configured solely as a refueling port. In
operation, if the vehicle is parked on a grade where the port 1266 is routed to a low
position in the fuel tank 1012, the cam 1236 is rolated {0 a position {0 close the port
1264. During refueling, the valve 1254 associated with port 1264 is opened by the cam
1234. Once the fuel level sensor 1048 reaches a predetermined level corresponding to
a “Fill” position, the controller 1030 will close the valve 1254, In other configurations,
the cam 1234, valve 1254 and port 1262 can be eliminated leaving two cams 1236 and
1238 that open and close valves 1256 and 1258. In such an example, the two ports
1264 and 1266 can be 7.5mm orifices. If both ports 1264 and 1266 are open, refueling
can occur. If less flow is required, & cam position can be atiained where one of the

valves 1256 and 1258 are not opened all the way.
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[0104] Turning now to FIGS. 14-17, a vent shut-off assembly constructed in accordance
to another example of the present disclosure is shown and generally identified at
reference 1300. The vent shut-off assembly 1300 can be incorporated for use with any
of the evaporative emissions control systems described herein.  The vent shut-off
assembly 1300 generally comprises a first cam shaft 1302 and a second cam shaft
1304. The first and second cam shafits 1302 and 1304 are coaxial and configured for
relative rotation. The first cam shaft 1302 includes a first cam 1312 and a second cam
1314. The second cam shaft 1304 includes a third cam 1316, A first vent 1322 is
actuated based on rotation of the first cam 1312, A second vent 1324 is actuated based
on rotation of the second cam 1314. A third vent 1326 is actuated based on rotation of
the third cam 1316. The first cam shaft 1302 has a first tab 1330. The second cam
shaft 1304 has a second tab 1332. The first cam shaft 1302 controls the venting of the
first and second vents 1322 and 1324. The second cam shaft 1304 rotates on the first
cam shaft 1302. The second cam shaft 1304 is driven by the engagement of the first
and second tabs 1330, 1332.

[0105] In one exemplary configuration, the third vent 1326 can be associated with a
refusling vent. Under normal driving conditions, the first cam shaft 1302 may rolate to
open and close the first and second vents 1322, 1324. The second cam shaft 1304
may move while the first cam shaft 1302 is moving but insufficiently to cause actuation
of the third vent 1326. The third vent 1326 is actuated by rotation of the tab 1332 to an
open position. The third vent 1326 is closed by further pushing the tab 1332 past the
open position. In this regard, actuation of the first and second vents 1322 and 1324 can
be accomplished discretely from actuation of the third vent 1326.

[0106] Turming now to FIGS. 18-21, a vent shut-off assembly constructed in accordance
to another example of the present disclosure is shown and generally identified at
reference 1400. The vent shut-off assembly 1400 can be incorporated for use with any
of the evaporative emissions control systems described herein.  The vent shut-off
assembly 1400 generally provides solenoid conirolled linear acluation of two vent
points. The vent shuf-off assembly 1400 generally includes a solencid 1402 that
actuates a valve member assembly 1404 relative {o a valve body 1410, The valve body
1410 generally includes a first inlet 1420, a second inlet 1422 and an outiet 1424, By
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way of example, the first and second inlets 1420 and 1422 can be fluidly coupled {o first
and second vent tubes as disclosed herein.

(01071 The valve member assembly 1404 colieclively comprises a first vent valve 1424
and a second vent valve 1426, The first vent valve 1424 includes a first valve closing
glement or disk 1430. The second vent vaive 1426 collectively comprises a second
valve closing element or disk 1432 and a third closing element or disk 1434, The
second disk 1432 defines apertures 1440 therethrough. A first spring support 1450 is
disposed on a disial shafi 1452, A second spring support 1456 is disposed on 3
proximal shaft 1458, A first biasing member 1460 is arranged between the first spring
support 1450 and first disk 1430 for biasing the first disk 1430 toward a closed position
(FIG. 18). A second biasing member 1462 is arranged between the first spring support
1450 and the second disk 1432 for biasing the second disk 1432 ifoward a closed
position (FIG. 18). A third biasing member 1464 is arranged between the second spring
support 1456 and the third disk 1434 for biasing the third disk 1434 toward the second
disk 1432. A first seal member 1470 is disposed on the first disk 1430. A second seal
member 1472 and third seal member 1474 is disposed on the second disk 1432,

[0108] Operation of the vent shut-off assembly 1400 will now be described. In FIG. 18,
the first and second inlets 1420 and 1422 and the outlet 1424 are all closed relative to
each other. The first disk 1430 is closed, closing the first inlet 1420, The first disk 1430
i5 seslingly engaged {o the vaive body 1410, The second disk 1432 is closed and the
third disk 1434 is closed. The second disk 1432 is sealingly engaged to the valve body
1410 closing the outlet 1424, The third disk 1434 is sealingly engaged to the second
disk 1432 closing the second inlet 1422,

[0109] In FIG. 19, the first inlet 1420 is open to the outlet 1424, The second inlet 1422
is closed. The solenoid 1402 urges the first disk 1430 away from seating on the valve
body 1410, In FIG. 20, the second inlet 1422 is open io the outlet 1424, The first inlet
1420 is closed. The solenoid 1402 urges the third disk 1434 and therefore the second
disk 1432 upward. In FIG. 21, the first inlet 1420 is open fo the cutlet 1424, The
second inlet 1422 is also open to the outlet 1424,

[0110] With additional reference now to FIGS. 22-26, a vent shut-off or control

assembiy constructed in accordance {o one example of the present disclosure is shown
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and generally identified at reference 1510, The vent control assembly 1510 can be
used in a fuel system such as fuel system 1010 and cooperaie with evaporative
emissions control system 1020 to open and close identified vents. It will be appreciated
that the vent control assembly 1510 can be used in other fuel systems or systems in
general {o regulate fluid flow.

[0111] The vent conirol assembly 1510 generally includes shaft assembly 1512, a biock
1516, actuation assembly 1520 and an input source 1522. The shaft assembly 1512
can include a split shaft having a fist shaft portion 1530 and a second shaft portion
1532. The actuation assembly 1520 includes a cam assembly 1534, As will be
explained herein, the first and second shaft portions 1530 and 1532 can move relative
o each other based on rotation of the cam assembly 1534, The shaft assembly 1512
(split shaft) can have internal and external splines between the respeclive first and
second shaft portions 1530 and 1532, The second shaft portion 1532 can be formed of
externally molded rubber.  The block 1516 can be formed of metal. The second shaft
portion 1532 has a first shaft passage 1536, The block 1516 has first and second block
passages 1540, 1642, The cam assembly 1534 generally includes a cam plate 1544
and a plurality of protrusions 1546. The second shaft 1532 can include a spring loaded
probe assembly 1550 thereon. The spring loaded probe assembly 1550 generally
inciudes cam followers 1552 that are biased by respective biasing members 1854, The
input source 1822 can include a servo motor.  Other actuation sources are
contemplated.

[0112] During operation, the actuation source 1522 rotates the first shaft 1530 causing
the protrusions 1546 on the cam plate to urge the cam followers 1548 on the spring
loaded probe assembly 1550 to move rightward ultimately causing the second shaft
1532 to transiate rightward. In this regard, in the unactuated position (FIG. 22), the first
shaft passage 1536 is not aligned with the first and second block passages 1540, 1542,
in the actuated position (FIG. 23), the first shaft passage 1536 is aligned with the first
and second block passages 1540, 1542, A biasing member 1556 can urge the second
shaft 1532 back toward the unaciuated position. The biasing members 1554 and 1556

can be used to return the second shaft 1532 to be available for subsequent indexing.
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[0113] In the example shown in FIGS. 22 and 23, the block 1516 has first and second
block passages 1540, 1542, As shown in FiG. 24 however the block 1516 may
incorporate additional passages such as third and fourth block passages 1560, 1562. In
one example it is contemplated that the passages 1540, 1542, 1560, 1562 can be fluidly
connected to vent lines in the fuel tank. The second shaft portion 1532 is generally
wedge shaped. The valve conirol assembly 1510 can be used for a dynamic state and
a steady state, as shown in FIG. 28. In the dynamic stale, the second shaft 1532 is in
dynamic state. Leakage is noi critical and will not be significant due to low fluid
pressure and short transition times. In steady state, the second shaft 1532 is in steady
state for significant operation time. Leakage is not desired. During steady state, the
proposed leakage control is most effective.

[0114] With additional reference now to FIG. 27, a vent control assembly constructed in
accordance to one exampie of the present disclosure is shown and generally identified
at reference 1610, The vent control assembly 1610 can be used in a fuel system such
as fuel system 1010 and cooperate with evaporative emissions control system 1020 to
open and close identified vents. It will be appreciated that the vent control assembly
1610 can be used in other fuel systems or systems in general to reguiate fluid flow.
[0115] The vent conirol assembly 1610 generally includes shaft assembly 1612, a biock
1616, actuation assembly 1620 and an input source 1622, The shaft assembly 1612
can include a spiit shaft having a fist shaft portion 1630 and g second shaft portion
1632. The actuation assembly 1620 includes an electromagnetic assembly 1634. The
gleciromagnetic assembly 1634 includes eleciromagnetic coils 1634A and a magnet
portion 16348. As will be explained herein, the first and second shaft portions 1630 and
1632 can move relative {0 each other when the electromagnetic assembly 1634 is
energized. When the electromagnetic coils 1634A are energized, the magnet portion
16348 moves toward the electromagnetic coils 1634A.

(01161 The second shaft portion 1632 can be formed of externally molded rubber.  The
block 1616 can be formed of metal. The second shaft portion 1632 has a first shaft
passage 1636. The block 1616 has first and second block passages 1640, 1642, The
input source 1622 can include a servo motor.  Other actustion sources are

contemplated.
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(01171 During operation, the second shaft 1632 occupies a first position where the first
shaft passage 1636 is not aligned with the first and second block passages 1640, 1642,
in a second position, the first shaft passage 1636 is aligned with the first and second
block passages 1640, 1642 A biasing member 16856 can urge the second shaft 1632
back toward the unactuaied position to be available for subsequent indexing.

[0118] Tuming now o FIGS. 29 and 30, a vent shut-off or control assembly constructed
in accordance to one example of the present disclosure is shown and generally
identified at reference 1710. The vent control assembly 1710 can be used in a fuel
system such as fuel system 1010 and cooperate with evaporative emissions control
system 1020 to open and close identified vents. It will be appreciated that the vent
control assembly 1710 can be used in other fuel systems or systems in general (o
regulate fluid flow.

[0119] The vent control assembly 1710 generally includes shaft assembly 1712 and a
block 1716. The vent control assembly 1710 can be configured for use with any of the
actuation assemblies described above. The shaft assembly 1712 can include a spiit
shaft having a fist shaft portion 1730 and a second shaft portion 1732, In this example,
the second shaft has first and second shaft passages 1736A, 17368, The block has
first, second, third and fourth block passages 1740A, 17408, 1740C and 1740D. Based
on this configuration, the second shaft 1732 can be translated from the position shown
in FIG. 29 to a position shown in FIG. 30. As can be appreciated, multiple passages
may be connected at a time. In the example shown in FIG. 30, the first shaft passage
1736A is aligned with the first and second block passages 1740A, 1740B. The second
shaft passage 1736B is aiso aligned with third and fourth block passages 1740C,
17400,

[01207 FIG. 31 illustrates a shaft assembly 1712A having a first shaft 1730A and a
second shaft 1732A. In this example, the second shaft 1732A has a third shaft passage
1736C. The block 1718A includes a fifth and sixth block passage 1740E and 1740F.
[0121] With reference now to FIGS. 32-35, a vent shui-off assembly 1822 constructed
in accordance to additional features of the present disclosure will be described. The
vent shut-off assembly 1822 can be used with any of the actuator assemblies described

herein for actualing two vent points (such as a front tank vent and a rear tank vent) with
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a single cam. The vent shut-off assembly 1822 generally includes g cam 1830 having a
first cam lobe 1832 and a second cam lobe 1834, Rotation of the cam 1830 causes
selective actuation of a first vent poppet valve 1840 and a second vent poppet valve
1842. In one example, the first vent poppet valve 1840 has a first roller 1850 disposed
at a distal end for engaging the cam 1830. The first vent poppet valve 1840 actuates to
open and close a first port 1852, The second vent poppet valve 1842 has a second
roller 1860 disposed at g distal end for engaging the cam 1830, The second vent
poppet valve 1842 actuaies {0 open and close a second port 1862, A first venting state
is shown in FIG. 32 where the first and second vent poppet valves 1840 and 1842 are
closed. A second venting state is shown in FIG. 33 where first poppet valve 1840 is
open and the second poppet vaive 1842 is closed. A third venting state is shown in
FIG. 34 where the first and second poppet vaives 1840 and 1842 are open. A fourth
venting state is shown in FIG. 35 where the first poppet valve 1840 is closed and the
second poppet valve 1842 is open.

[0122] Tuming now to FIG 38, a vent shut-off assembly 1922 constructed in
accordance to another example of the present disclosure will be described. The vent
shut-off assembly 1922 can be used with any of the actuator assemblies described
herein for opening and closing various vent ports. In the example shown, the vent shut-
off assembly 1922 includes a three port, four position latching fuel vapor solencid valve
1926. The sclenocid valve 1928 generally includes a valve body 1930 that defines a first
port 1932, a second port 1934 and a third port 1938. A first seal assembly 1942
selecltively opens and closes the first port 1932, A second seal assembly 1944
selectively opens and closes the second port 1934, A first armature 1946 extends from
the first seal assembly 1842. A first biasing member 1847 biases the first seal
assembly 1942 to a closed position. A second armature 1948 extends from the second
seal assembly 1944, A second biasing member 1948 biases the second seal assembly
1844 to a closed position.

[0123] A pole piece 1850 can be centrally arranged in the solenocid valve 1826, A first
and second permanent magnet 1952 and 1954 are disposed on opposite sides of the
pole piece 1950, An electrical connecior 1960 is electrically coupled to a first

encapsulated coil 1862 and a second encapsulated coil 1964. The solencid valve 1926
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can have an electrical termination or connector that plugs into a valve body electrical
breakout connector instead of using a pig tail connection. A seal assembly can be
assembied to an armature using 3 variety of retention methods such as, but not limited
to over-mold configurations and snap-fit arrangements. The permanent magnets 1852
and 1954 can be covermolded into the first and second coils 1962 and 1984 or
assembied into small detents on the pole piece 1850, The first and/or second coils
1962 and 1964 can be energized to move the first andfor second seal assemblies 1942
and 1944 thereby opening or closing the first and second ports 1932, 1934,

[0124] Tuming now to FIG. 37, a vent shut-off assembly 2022 consiructed in
accordance to another example of the present disclosure will be described. The vent
shut-off assembly 2022 generally includes a vent box cam 2024 rotatably disposed in a
vert box 2026 and that actuates respective first, second and third valves 2030, 2032
and 2034. The first valve 2030 opens and closes a first vapor port 2036. The second
valve 2032 opens and closes a second vapor port 2037, The third valve 2034 opens
and closes a third vapor port 2038, The first, second and third vapor ports 2036, 2037
and 2038 can be routed o various locations on the fuel tank as disclosed herein. The
vant box cam 2024 includes a first cam 2040 that actualtes the first valve 2030, a
second cam 2042 that actuates the second valve 2032 and a third cam 2044 that
actuates the third valve 2034,

[0125] The vent box cam 2024 is driven by a fuel pump 2050, Specifically, the fuel
pump 2080 drives a first gear 2052 that drives a reduction gear 2054 that in turn drives
a clutch mechanism 2060 that rotates the vent box cam 2024. An active drain liquid
trap 2070 can be fluidly connected to a fuel feed line 2072 by a connection tube 2074,
A vapor vent line 2080 is fluidly connected to the canister (see canister 1032, FiG. 1). A
fuel pick up sock 2084 is arranged adjacent to the fuel pump 2050,

[0126] FIGS. 38 and 39 illustrate a valve arrangement 2100 that can be used in any of
the valves disciosed herein. The valve arrangement 2100 is two-staged such that a
smaller orifice is first opened to relieve pressure and then less force is required to
subsequently open a larger orifice. The valve arrangement 2100 includes a coil 2110

and armature 2112. A shaft 2114 has a first groove 2120 and a second groove 2122, A
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locating member 2130 locates first info the first groove 2120 and subsequently intc the
second groove 2122 for sequential, staged opening of the valve.

[0127] FIG. 40 ilusirates a vent shut-off assembly 2222 constructed in accordance to
additional features of the present disclosure. The vent shut-off assembly 2222 can be
used in conjunction with any of the systems described herein. The vent shut-off
assembly 2222 uses hydraulic force to drive the vent lines open and closed. FIG. 41
flustrates a vent shut-off assembly 2322. The vent shul-off assembly 2322 can be used
in conjunction with any of the systems described herein. The vent shut-off assembly
2322 includes a motor 2330 that sends a switch 2332 back and forth to shuttle the vent
points open and closed.

[0128] FIGS. 42-44 Hllustrate a veni shut-off assembly 2422 constructed in accordance
to other features of the present disclosure. The veni shut-off assembly 2422 can be
used in conjunction with any of the systems described herein. The vent shut-off
assembly 2422 includes a first motor 2430 having a first linear screw drive 2432 that
opens (FIG. 42) and closes (FIG. 43) a first vent 2434 associated with a first port 2436,
A second motor 2440 has a second linear screw drive 2442 that opens (FIG. 68) and
closes (FIG. 43) a second vent 2444 associated with a second port 2448, A third motor
2450 has a third linear screw drive 2452 that opens (FIG. 42) and closes (FIG. 43) a
third valve 2454 associated with a third port 2456, FIG. 44 shows a manifold 2460 that
can be associated with the vent shut-off assembly 2422, A solencid 2462 can further
open and close vent pathways in the manifold 2460

[0129] FIGS. 45 and 46 illustrate a vent shut-off assembly 2822 constructed in
accordance {o addilional features of the present disclosure. The vent shut-off assembly
2522 can be used in conjunction with any of the systems described herein. The vent
shut-off assembly 2522 can includes a central disc 2530 that is rotated by a motor 2532,
Push pins 2540 and 2542 are actuated open and closed as the central disc 2530 is
rotated. The acluation can also be done linearly.

[0130] With reference now io FIGS. 47-59, a valve control assembly constructed in
accordance to yet another example of the present disclosure is shown and generally
identified at reference 2610. The vaive control assembly 2810 includes a vent shut-off

assembly 2622 The vent shut-off assembly 2622 can be used as part of an
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gvaporative emissions control system in a fuel tank system. The vent shut-off assembly
2622 includes a main housing 2630, a valve shuttie 2632 that translates within the main
housing 2630, and an actuator assembly 2638, The main housing 2630 can have 3 first
vent port 2640 that is fluidly connected o the canister 1032, a second port 2642 that is
fluidiy connected to an FLVV, a third port 2644 that is fluidly connected to 3 first grade
vent valve (GVV) and a fourth port 2648 that is fluidly connecied to a second grade vent
valve (GVV).

[0131] The actuator assembly 2636 can include a motor 2650, such as a DC motor that
actuates a ball screw mechanism 2652, Actuation of the ball screw mechanism 2652
translates the valve shuttle 2632 in the direction of arrows 2658, In the example shown,
the valve shuttle 2632 includes radially extending collars 2660A, 26808, 2660C and
26600 that receive respeclive seal members or O-rings 2662A, 26628, 2662C and
26620 therearcund. A capacitor level sensor 2668 is shown in FIG. 46 that senses fuel
level.

[0132] During driving mode, a first grade vent valve and FLVV can be partially opened
in a saddie tank arrangement. During refueling mode, only the FLVV will be opened.
The actuator assembly 2636 including ball screw mechanism 2652 can cooperate with a
position sensor 2676 to provide precise fingar movement response of the valve shuttie
2632. The capacitor 2668 level sensor can be a two capacitor level sensor that is fitted
to measure level an also {0 evaluate pitch and roli angle. Based on fuel level and angie
(roli/fpifch) sensing, the electronic control unit will give signal to the actuator assembly
2636 to open one of the ports 2640, 2642, 26844 and 2646 through directional control
valves. During electric mode on a hybrid vehicle, all ports 2640, 2642, 2644 and 2646
are ciosed. A liquid trap can be included to trap the fuel which can be drained back
through a directional control valve opening.

[0133] FIGS. 50 and 51 illustrate a veni shut-off assembly 2722 constructed in
accordance {o addilional features of the present disclosure. The vent shut-off assembly
2722 can be used in conjunction with any of the systems described herein. In
particular, the vent shut-off assembly 2722 may be used in place of the valve actuation
assembly 1110 described above with respect to FIG. 6. In this regard, instead of a

central rotating camshaft, the vent shut-off assembly 2722 includes a rack and pinion
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assembly 2730 having a drive gear 2732 driven by a motor 2734 and a driven gear
2740. A rack 2740 is meshingly engaged to both of the drive gear 2732 and the driven
gear 2740. Rotation of the drive gear 2732 causes translation of the rack 2740 and
consequently rotation of the driven gear 2740. The driven gear 2740 can rotate a single
cam or a collection of cams such as described above with respect to FIG. 6.

[0134] FIGS. 52 and 53 illustrate a vent shut-off assembly 2822 consiructed in
accordance to another example of the present disclosure. The vent shut-off assembly
2822 can be used in conjunction with any of the systems described hergin. The vent
shut-off assembly 2822 can be pneumatically driven. In this regard, a motor 2830 can
drive a cam assembly 2834, such as described in any of the above configurations. An
air or vacuum source 2840 can drive the cam assembly 2834, A control vaive 2844 can
be fluidly connecled to the vacuum source 2840. A braking mechanism and/or a
position sensing mechanism can further be included.

[0138] FIGS. B4 and 55 illustrate a vent shut-off assembly 2922 constructed in
accordance to ancther example of the present disclosure. The vent shut-off assembly
2922 can be used in conjunction with any of the systems described herein. The vent
shut-off assembly 2922 can be hydraulically driven. In this regard, a motor 2930 can
drive a cam assembly 2934, such as described in any of the above configurations. A
hydraulic source 2940 can drive the cam assembly 2934, A control valve 2944 can be
fluidly connected to the hydraulic source 2940. A braking mechanism and/or a position
sensing mechanism can further be included.

[0136] With reference now to FIGS. §8-58, a fuel tank system 3010 arranged on a fuel
tank 3012 having an evaporative emissions control sysiem 3020 constructed in
accordance to additional features of the present disclosure will be described. Unless
otherwise described, the fuel system 3010 and evaporative emissions conirol system
3020 can be constructed similarly to the evaporative emissions control system 1020
discussed above. The fuel tank system 3010 provides a mechanical shut-off that will
prevent fuel tank overfiliing in the case of power loss.

[0137]1 The evaporative emissions control system 3020 generally includes a vent shut-
off assembly 3022 having a manifold assembly 3024, A liguid trap 3026 and pump
3028 can be arranged in the manifold assembly 3024. that routs to a first line 3040
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having a first outiet 3042, a second vent line 3044 having a second outlet 3046, a third
vent line 3048 having a third outlet 3050 and a fourth vent line 3052 that routs to 3
canisier (see canister 1032). Baffles 3060, 3062 and 3064 can be arranged at the first,
second and third cutlets 3042, 3046 and 3050.

[0138] The baffle 3062 is a refueling baffle arranged in elevation lower than the first and
third outlets 3042 and 3050. The refueling baffle 3062 includes a flow shui-off
mechanism 3066 that moves from an open position to a closed position based on liquid
fuel rising.

[0139] A baffle 3062A constructed in accordance {0 one example of the present
disclosure is shown in FiG. 57. The baffle 3062A includes a baffle housing 3070 that
defines windows 3072 therein. A cup 3074 is slidably received by the baifle housing
3070 and is configured to rise from the solid position shown in FIG. 57 to the phantom
position shown in FIG. 57, In the solid position, vapor flow is permitied through the
windows 3072 and through the second vent line 3044 {o the liquid trap 3026. When fuel
rises beyond a desired fuel fill level 3076A {o a higher fuel fill level 30768, the cup 3074
rises to the closed position shown in phantom where vapor flow is inhibited from
passing through the windows 3072 and {o the second vent line 3044 to the liguid trap
3026.

(01407 A baffle 30628 constructed in accordance {o ancther example of the present
disclosure is shown in FIG. §8. The baffle 30628 includes a baffle housing 3080 that
defines windows 3082 thersin. A cup 3084 is slidably mounted to the baffle housing
3080 and is configured to rise from the solid position shown in FIG. 58 to the phantom
position shown in FIG. 58, In the solid position, vapor flow is permitted through the
windows 3082 and through the second vent line 3044 {o the liquid trap 3026. When fuel
rises beyond a desired fuel fill level 3076A {o a higher fuel fill level 30768, the cup 3084
rises to the closed position shown in phantom where vapor flow is inhibited from
passing through the windows 3082 and {o the second vent line 3044 to the liquid trap
3026. A disk 3090 coupled to the cup 3084 can also rise {o cover the opening of the
baffle housing 3080 in the closed position.

[0141] With reference to FIG. 59A-59D, an example method 3100 of controlling a fuel

tank sysiem is described in reference to fuel tank system 1010. Method 3100 can
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gnable the conirol module to learn and adapt from monitored conditions to oplimize
venting of the fuel tank system and maintain the fuel {ank pressure and/or the trap liquid
level at acceptable levels.

[0142] Method 3100 includes, at step 3102, initiating a venting system or evaporative
emissions control 1020 and seiting vent valves 1040, 1042 based on a dynamic map
fook-up table (e.g., a dynamic map holding conditions such as vent sclenoid states, G-
peak, G-avg., fuel tank pressure, bulk fuel tank temperature, and fuel level). At step
3104, control module 1030 checks for liquid in the liguid trap 1026, for example, by
cycling the smart drain pump and comparing a “dry” and “wet” inducting signaiure “h".
At step 3106, conirol module 1030 subsequently determines if Hguid is present in the
hquid trap 1026 and/or the jet pump. I liquid is not present, at siep 3108, control
module 1030 starts a liquid trap check timer.

[0143] Al step 3110, control module 1030 maintains the initial setlings of the vent valves
1040, 1042, At step 3112, control module 1030 maonitors fuel tank pressure and, at step
3114, subsequently records fuel tank pressures P1...Pn at a predetermined time
intervals T1...Tn. Al step 31186, control module 1030 determines if a monitored pressure
(e.q.. P2) is greater than a previously monitored pressure {(e.qg., P1). If yes, control
proceeds (o step 3150 described below. If no, at step 3118, control module 1030
maintains the vent valves 1040, 1042 in the current position. At step 3120, control
moduie 1030 determines if the liquid frap check time has exceeded a predetermined
time (e.g., 20 seconds). if not, control retums to step 3118, If yes, control retumns to
step 3104,

[0144] If liguid is detected at step 3106, control moves 1o step 3122 or step 3124, Al
step 3122, control module 1030 aclivates the liquid trap jet pump and proceeds to step
3124 or 3126. At step 3128, control module 1030 monitors the inductive signature “h” of
the jet pump. At step 3128, control module determines if liguid is present in the liquid
trap based on the inductive signature *h”. If liquid is present, control module 1030
continues o operaie the jet pump at step 3130, Conirol then retumns fo step 3128, If
fiquid is not present, control proceeds to step 3132.

[0145] Al step 3132, control module 1030 deactivates jet pump and the pumping event

timer. Af step 3134, control module 1030 calculates and stores a new AT indicative of
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how long the pump was operaied. At step 3136, control module 1030 determines if the
new AT is greater than a previous AT (e.g., “old AT"). If no, al step 3138, conirol
module 1030 maintains the vent valves 1040, 1042 in the current position and may
subsequently return o step 3104, If yes, at step 3140, control module 1030 closes all
vent valves.

[0146] Al step 3142, control module 1030 monilors pressure in the fuel tank 1012 and
proceeds 1o step 3144, subsequently records fuel tank pressures P1..Pn at a
predetermined time intervals T1...Tn. At step 3146, control module 1030 determines if
a monitored pressure (e.g., P2) is greater than a previously monitored pressure (e.g.,
P1). If no, at step 3148, control module 1030 maintains the vent valves 1040, 1042 in
the current position. If yes, control proceeds 1o step 3150.

[0147] Returning fo step 3150, control module 1030 monitors G-sensor 1080E and
determined G-peak and G-avg over a predetermined time {(e.g., five seconds). In step
3150, the control module 1030 determines the average "G’ force applied 1o the system
and records the G-peak. At step 3152, control module 1030 interrogates the fuel level
sensor 1048

[0148] Al step 3154, control module 1030 uses a dynamic map iook-up {able o select
appropriate valve conditions for the measured "G” and fuel level. Al step 3158, control
module 1030 determines if the captured system states are within predetermined limits,
if no, control proceeds to step 3158, If yes, at step 3160, control module 1030 sets the
vent valves {o predetermined conditions at step 3160, If not, the control module 1030
adds tc a dynamic map.

(01497 Returning to FIG. 1, the energy storage device 1034 can include a capacitor,
battery, pre-loaded valve or other device. The energy storage device 1034 can be
connecied to the vent shut-off assembly 1022 for providing power o the associated
actuator (solenoids, motor etc.) in the event of power loss. The energy storage device
1034 has sufficient power to rotate the cam assembly 1130 (see FIG. 8) plus have logic
that confirms the orientation of the shaft 1132. One example includes reading an
encoder or accessing a last recorded angle from memory. Other examples are
contemplated. The actuator assembly 1110 will rotate the shaft 1132 to a designated

angie where the system will remain until power is resiored. If the system is able to
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access current or recent accelerometer data and or fill volumes, the information can be
used to define the stale to rotate to. In other examples there may be a universal default
state.

(01507 Exemplary faull siates will now be described. If the accelerometer 1060k
identifies the vehicle is upside down, all valves are rotated closed. if the accelerometer
1060E identifies a potential front end collision, valves associated with the front of the
fuel tank are closed while valve associated with the rear of the fuel tank are open. i the
accelerometer 1060E identifies the vehicle is at rest or cruise and the fuel volume is
half-full, the actuator assembly 1110 rotates the shaft 1132 io open the first and second
valves.

[01581] With reference now to FIGS. 60-64, a vent shul-off assembly 3222 constructed
in accordance o ancther example of the present disclosure will be described. The vent
shut-off assembly 3222 can be used with any of the actualor assemblies described
herein for opening and closing various vent ports. In the example shown, the vent shut-
off assembly 3222 includes an actuator assembly 3230, a cam disk 3232, a follower
guide 3234 and a manifold 3240, In the example shown, the actuator assembily 3230
includes a rotary solenocid or stepper motor. The disk 3232 is mounted on an output
shaft 3244 of the actuator assembly 3230,

[0152] First, second and third poppet valves 3250, 3252 and 3254 are arranged for
translation along respective bores defined in the follower guide 3234, Each of the first,
second and third poppet valves 3250, 3282 and 3254 have a cam follower 3260, 3262
and 3264, respeclively at a ferminal end thereof and an overmold rubber seal {identified
at 326%) at an opposite end. The manifold 3240 defines various fluid paths such as fluid
path 3268 io vent the fuel tank to varicus venis in the fuel tank such as described
hereain.

[0153] The cam plate 3232 includes a cam profile 3270 that includes various peaks and
valleys. When the cam plate 3232 is rotated by the actuation assembly 3230, the cam
profile 3270 engages the respective cam followers 3260, 3262 and 3264 and urges the
respective first, second and third poppet valves 3250, 3252 and 3254 open and closed.
[0154] The foregoing description of the examples has been provided for purposes of

flustration and description. it is not intended {o be exhaustive or {0 limit the disclosure.
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individual elements or features of a particular example are generally not limited to that
particular example, but, where applicable, are interchangeable and can be used in a8
selected example, even if not specifically shown or described. The same may aiso be
varied in many ways. Such variations are not to be regarded as a departure from the
disciosure, and all such modifications are intended to be included within the scope of

the disclosure.
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CLAIMS
What is claimed is:

1. An evaporative emissions conifrol systemn configured to recapture and
recycle emitted fuel vapor on a vehicle fuel tank, the evaporstive emissions control
system comprising:

a first vent tube disposed in the fuel tank;

a second vent tube disposed in the fuel tank;

a first vent valve disposed on the first vent tube that is configured to
selectively open and close a first port fluidly coupled to the first vent tube;

a second vent valve disposed on the second vent tube that is configured
to selectively open and close a second port fluidly coupled to the second vent tube;

a vent shut-off assembly that selectively opens and closes the first and
second valves to provide gverpressure and vacuum relief for the fuel tank; and

a control module that regulates operation of the vent shut-off assembly

based on operating conditions.

2. The evaporative emissions control system of claim 1 wherein the vent
shut-off assembly comprises a cam assembly having a cam shafl that includes a first
cam and a second cam.

3. The evaporative emissions control system of claim 2 wherein the first and
gecond cams have respective profiles that correspond to at least a fully opened valve

position, a fully closed valve position and a partially open valve position.

4. The evaporative emissions control system of claim 3 wherein the first and
second vent valves are caused {o seleclively open and close based on rotation of the
respective first and second cams to deliver fuel vapor through the respective first and
second vent tubes.
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5. The evaporative emissions control system of claim 4, further comprising
an actuator assembly that drives the cam assembly, the actuator assembly including a

motor.

G. The evaporative emissions control system of claim 5 wherein the motor
comprises a direct current motor that rotates a worm gear that in furn drives a drive gear

coupled {o the cam shaft.

7. The evaporative emissions conirol system of claim 6 wherein cam

assembly is received in a housing and the motor is mounted outboard of the housing.

8. The evaporative emissions control system of claim 6 wherein the cam

assembiy is received in a housing and the motor is disposed within the housing.

9. The evaporative emissions control system of claim 8, further comprising a

drain configured on the housing.

10.  The evaporative emissions control system of claim 5, further comprising:
a third vent tube disposed in the fuel tank;
a third vent valve disposed on the third vent tube that is configured to
selectively open and close a third port fluidly coupled {o the third vent tube; and
wherein the cam assembly further includes a third cam that seleclively

opens and closes a third port fluidly coupled to the third vent valve.

11, The evaporative emissions control system of claim 10 wherein the third
port is configured solely as a refueling port, wherein during refueling, the third valve is
opened by the third cam untll the control moduie controls the vent shut-off assembly to
close the third valve based on a fuel level reaching a predetermined ievel corresponding

to a “Fill” position.
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12. The evaporative emissions control system of claim & wherein the vent
shut-off assembly comprises a first cam shaft having a first cam and a second cam
shaft having a second cam, the first and second cam shafts being coaxial and
configured for reigtive rotation, wherein the second cam shaft is configured to rotate
upon engagement of a first tab arranged on the first cam shaft and a second tab
arranged on the second cam shaft.

13. The evaporative emissions control system of claim & wherein the vent
shut-off assembly comprises a solenoid that actuaies a valve member assembly relative

to a valve body, the valve body having a first inlet, a second inlet and an outlef.

14. The evaporative emissions control system of claim 13 wherein the valve
member assembiy comprises:
a first valve closing slement supported by a distal shafi;
a second valve closing element that defines apertures therethrough and is
supported by the distal shaft;
a third valve closing element supporied by a proximal shaft; and
wherein the first valve closing element selactively closes the first inlet and

the second and third valve closing elements selectively close the second inlet.

15, The evaporative emissions control system of claim 14, further comprising:

a first biasing member arranged between a first spring support and the
first valve closing element that biases the first closing element toward a closed position;

a second biasing member arranged between the first spring support and
the second valve closing element that biases the second closing element toward a
closed position; and

g third biasing member arranged belween a second spring support and
the third valve closing element that biases the third closing element toward a closed

position.
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16.  The evaporative emissions control system of claim 1 wherein the vent
shut-off assembly comprises a single cam having a first cam lobe that selectively
engages the first vent valve and a second cam lobe that selectively engages the second

vant valve.

17.  The evaporative emissions control system of claim 16 wherein the single
cam selectively rotates between four venting positions including (i) a first position where
the first and second valves are closed, (i) a second position where the first valve is
open and the second valve is closed, (i) a third position where the first valve is closed
and the second valve is open, and (iv) a fourth position where the first and second

valves are open.

18. The evaporative emissions control system of claim 2 wherein a valve
shuttle collectively comprises the first and second vent valves, wherein the valve shuttie
transiates within a main housing that defines a first port, a second port, third port and a
fourth port.

19.  The evaporative emissions control system of claim 18, further comprising
an actuator assembly that drives the cam assembly, the actuator assembly including a
motor that acituates a ball screw mechanism, wherein actuation of the ball screw

mechanism transiates the valve shuttle within the main housing.
20. The evaporative emissions control system of claim 1 wherein the vent
shut-off assembly comprises a rack and pinion assembly having a drive gear driven by

a motor and a driven gear that rotates at least one cam.

21. The evaporative emissions control system of claim 1 wherein the vent
shut-off assembly includes a pneumatically driven motor that drives at least one cam.

22.  The evaporative emissions control system of claim 1 wherein the vent

shut-off assembly includes a hydraulically driven motor that drives at least one cam.
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23. The evaporative emissions control system of claim 1, further comprising
an energy storage device that is connected to the vent shut-off assembly and that

provides power to the vent shut-off assembly in the event of power loss.

24.  The evaporative emissions control system of claim 1 wherein the vent
shut-off assembly includes a solenocid valve having:
a valve body that defines a first port, a second port and a third port;
a first seal assembly that seleclively opens and closes the first port;
a second seal assembly that selectively opens and closes the second
port; and
first and second electromagnetic coils that selectively move the respeclive

first and second seal assembiies.

25, The evaporalive emissions control system of claim 1 wherein the first vent

valve is fwo-staged.

26. The evaporative emissions conirol system of claim 5 wherein the actuator

assembly is driven by a fuel pump in the fuel fank.

27. The evaporative emissions control system of claim 1 wherein the vent
shut-off assembly includes a cam disk that selectively translates first and second valves

in & follower guide o open the respective first and second poris.
28. The evaporative emissions control system of claim 27 wherein the first
and second valves include respective cam followers on distal ends thereof, the cam

followers slidably engaging a cam profile arranged on the cam disk.

29.  The evaporative emissions conirol system of claim 27, further comprising

a manifold that defines fluid paths associated with the first and second ports.
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30, Afuel tank system comprising:
a fuel tank; and
an evaporative emissions conirol system configured to recapture and
recycle emitted fuel vapor, the evaporative emissions control system comprising:
a first vent valve configured to selectively open and close g first
vent:
a second vent valve configured {0 selectively open and close a
second vent;
a pressure sensor configured 10 sense a pressure in the fuel tank;
and
a control module configured to regulate operation of the first and
second vent vaives o provide over-pressure and vacuum relief for the fuel tank,
the control module programmed to periodically monitor the pressure in the fuel
tank, wherein future control of the first and second vent valves is based on

differences in the measured fuel {ank pressure and the liquid level.

31, The fuel tank system of claim 30, wherein the conirol module is
programmed to maintain the first and second vent valves in a current position if &
currently measured fuel tank pressure is greater than a previously measured fuel tank
pressure.

32. The fuel tank system of claim 30, further comprising:

g liquid trap,

a liquid level sensor configured to determine a liquid level in the liquid trap;

g fuel level sensor configured to determine a fuel level in the fuel tank; and

a G-sensor that provides a signal to the control module based on a
measured acceleration, wherein the conirol module is further programmed to determine
if a G-sensor and fuel level measurement combination are part of an existing dynamic
map.
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33. A method of controlling an evaporative emissions conirol system
associated with a fuel tank and configured to recapture and recycle emitted fuel vapor,
the evaporative emissions control system including a liquid trap, a first vent valve
configured to seleclively open and close a first vent, a second vent valve configured to
selectively open and close a second vent, and a G-sensor configured to measure an
acceleration of the fuel tank, the method comprising:

setting the first and second vent valves in g first position;

determining a first fuel tank pressure;

determining a second fuel tank pressure;

determining if the second fuel tank pressure is greater than the first fuel
tank pressure,

maintaining the first and second vent valves in the first position if the
second fuel tank pressure is greater than the first fuel tank pressure;

determining an acceleration from the G-sensor and a fuel level in the fuel
tank if the second fuel tank pressure is not greater than the first fuel tank pressure; and

selting the first and second valves {0 a second position based on the

determined acceleration and fusl level.

34. The method of claim 33, further comprising:
determining if the determined acceleration and fuel level are part of an
existing dynamic map associated with the evaporative emissions control system; and
subsequently adding the determined acceleration and fuel level to the

dynamic map.
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