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SYSTEM AND METHOD FOR MONITORING HEALTH OF FUEL SYSTEM
EVAPORATIVE EMISSION CANISTER

CROSS-REFERENCE TO RELETED APPLICATION
[0001] This application claims the benefit of U.S. Patent Application No. 62/114,553
filed on February 10, 2015. The disclosure of the above application is incorporated herein
by reference.
FIELD
[0002] The present disclosure relates generally to fuel tanks on passenger vehicles

and more particularly to a fuel tank system that monitors a condition of a vapor canister.

BACKGROUND

[0003] 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 gasoline 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 to continue to function
for its intended purpose, periodic purging of stored hydrocarbon vapors is necessary
during operation of the vehicle.

[0004] Currently, production motor vehicles operating on gasoline or other highly
volatile fuel employ a storage unit, typically a remotely located canister charged with
charcoal, connected to receive fuel vapor from a float operated vent vale provided on the
fuel tank. During periods of engine shutdown, vapor is absorbed in the canister and
stored. Upon startup of the engine, the canister us purged by air and the fuel vapors are
drawn from the canister into the engine inlet and comprise a portion of the engine
combustion charge. When the engine is not operating, the canister must absorb all of the
vapor from the fuel tank which is either displaced from the tank through vent valve by the
rising fuel level during refueling, or from the tank when the vapor pressure rises above

atmospheric.
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[0005] 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 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

[00068] An evaporative emissions control system for a fuel tank comprises a fuel tank,
a vapor storage canister, a storage canister health sensing assembly and a control
module. The vapor storage canister is configured to receive and store fuel vapor from
the fuel tank. The storage canister health sensing assembly is configured to measure an
operating characteristic of the vapor storage container. The control module can receive
inputs including the operating characteristic from the canister health sensing assembly
and communicates a signal to an electronic control unit related to an operating status of
the vapor storage container.

[0007] According to additional features, the operating characteristic comprises
temperature. The storage canister health sensing assembly comprises a thermal strip
disposed on the vapor storage container. The thermal strip can be formed of aluminum.
The thermal strip can include a thermistor that is electrically connected to the control
module through an electrical connection. The control module monitors temperature of
the vapor storage canister at a first time and creates a thermal sighature representative
of a normally operating purge canister. The control module can monitor temperature of
the vapor storage canister at a second time, after the first time. The control module can
compare the second time with the thermal signature o determine the operating status of
the vapor storage canister. The control module can trigger a purge event based on the
operating status. In another example, the operating characteristic can be sound.

[0008] According to other features, the evaporative emissions control system can
further comprise a vapor concentration sensor assembly that monitors sound. The vapor
concentration sensor assembly can include a signal emitting system including a first
control emitter receiver pair and a second control emitter receiver pair. The first control

emitter receiver pair can be disposed in a control volume of clean dry air. The second
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control emitter receiver pair can be disposed in a vapor volume corresponding to a volume
within the vapor canister that stores hydrocarbon. The first signal is sent from the first
control emitter to the first control receiver during a first time to establish a base level and
wherein a second signal is sent from the second control emitter to the second control
receiver during a second time. The control module compares the first and second times
to control vapor purge flow to an engine. One of the control volume and the vapor volume
can comprise a serpentine pathway. In another example, the vapor concentration sensor
assembly can measure light.

[0009] A method of monitoring an operating characteristic of a vapor storage canister
includes providing a storage canister health sensing assembly on the vapor storage
container. A first operating characteristic of the vapor storage canister can be measured
with the storage canister health sensing assembly. A first signal can be communicated
to a control module based on the measured first operating characteristic. A predicted
signature profile can be established based on the measured first operating characteristic
of the vapor canister. A second operating characteristic of the vapor storage canister can
be measured with the storage canister health sensing assembly. A second signal can be
communicated to the control module based on the measured second operating
characteristic. A second signature profile can be established based on the measured
second operating characteristic of the vapor canister. The second signature profile can
be compared with the predicted signature profile. A decision is made about the operation
of the vapor storage canister based on the comparing.

[0010] According to one configuration the first and second operating characteristics
comprise temperature of the vapor storage container. Measuring the first operating
characteristic includes communicating a signal from a thermal strip disposed on the vapor
storage container to the control module corresponding to a temperature of the vapor
storage container. Making a decision about the operation of the vapor storage canister
includes initiating a purge event in the vapor storage container. Making a decision about
the operation of the vapor storage canister includes sending a signal to an electronic
control unit corresponding to a reactionary measure.

[0011] According o addition features, sound is monitored with a vapor concentration

sensor. Monitoring sound can include sending a first signal from a first control emitter in
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a control volume. A first receiver receives the first sighal. A first time is measured for
the first signal to travel from the first control emitter to the first receiver. A second signal
is sent from a second control emitter in a vapor volume. A second receiver receives the
second signal. A second time is measured for the second signal to travel from the second
control emitter to the second receiver. The first and second times are compared. Vapor

purge flow is controlled to an engine based on the comparing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The present disclosure will become more fully understood from the detailed
description and the accompanying drawings, wherein:
[0013] FIG. 1is a schematic illustration of a fuel tank system having a canister health
sensing assembly and control system in accordance to one example of the present
disclosure;
[0014] FIG. 2 is a schematic illustration of a vapor storage canister incorporating a
canister health sensing assembly according to a first configuration;
[0015] FIG. 3A is a schematic illustration of a vapor concentration sensor assembly
according to one configuration of the present disclosure;
[0016] FIG. 3B is a schematic illustration of an exemplary control system configured
for use with vapor concentration sensor assembly of FIG. 3A;
[0017] FIG. 4 is a schematic illustration of a vapor concentration sensor assembly
according to another configuration; and
[0018] FIG. 5 is a schematic illustration of a vapor concentration sensor assembly
according to a yet another configuration.
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DETAILED DESCRIPTION

[0019] With initial reference to FIG. 1, a fuel tank system constructed in accordance
to one example of the present disclosure is shown and generally identified at reference
number 10. The fuel tank system 10 can generally include a fuel tank 12 configured as
a reservoir for holding fuel to be supplied to an internal combustion engine via a fuel
delivery system, which includes a fuel pump 14. The fuel pump 14 can be configured fo
deliver fuel through a fuel supply line 16 to a vehicle engine. An evaporative emissions
control system 20 can be configured to recapture and recycle the emitted fuel vapor. As
will become appreciated from the following discussion, the evaporative emissions control
system 20 manages the complete evaporative system for a vehicle. The fuel tank 12
includes a filler neck 24 attached thereto with a generally enlarged upper end 26. A
refueling filler nozzle 28 is shown received in the filler neck 24. The filler nozzle 28 can
provide fuel during a refueling event.

[0020] The control system 20 includes a control module 30, a vapor canister 32 and a
canister health sensing assembly 40. In general and as will be described herein, the
control module 30 can further include or receive inputs from the canister health sensing
assembly 40. The control module 30 can receive the inputs from the canister health
sensing assembly 40 based on a unit of measurement, such as temperature, to estimate
the health of the vapor canister 32. “Health” as used herein can be any unit of
measurement that relates to performance of the vapor canister 32. For example, the
health can be related to units of hydrocarbon stored in the vapor canister 32. The canister
health sensing assembly 40 is configured to measure an operating characteristic of the
vapor storage canister.

[0021] The following discussion is directed to the operating characteristic as
temperature of the vapor canister 32 although it is contemplated that the operating
characteristic may include other parameters. In this regard, the health can be determined
based on a measurement of temperature of the vapor canister 32. As will become
appreciated from the following discussion, a temperature measurement of the vapor
canister 32 can be performed during the life of the vehicle and compared with a predicted

signature profile established from prior temperature measurements of the vapor canister
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32 to make decisions on the performance of the vapor canister 32. The results can be
used by the control module 30 and be compatible for two-way communication with a
vehicle electronic control unit 44. In this regard, the health or estimated hydrocarbon
measurement can be determined or estimated based on the measurement of temperature
of the vapor canister 32. The health can therefore be provided to the electronic control
unit 44 related to an operating status of the vapor canister 32. The electronic control unit
44 can compare current measured temperature profiles with a previously established
predicted signature profile and then make estimates and decisions about loading of the
vapor canister 32 to more efficiently manage a purge event. The control system 20 with
the canister health sensing assembly 40 can function as an on-board diagnostics (OBD)
tool that provides information regarding the life of the vapor canister 32.

[0022] The fueltank 12 includes a float operated vent valve 48 disposed in the top wall
thereof through an access opening and has a flange 50 thereon registered against the
exterior surface of the tank top for attachment thereto and sealing therearound in a
manner known in the art. The outlet of the valve 48 is connected through a conduit 52 to
the inlet of the vapor canister 32. The vapor canister 32 further includes a purge line 56
connected thereto which is adapted for connection to the air inlet of an engine (not shown)
for enabling flow of vapor therethrough upon engine startup. An atmospheric air inlet 58
is provided in the vapor canister 32 to provide purge flow of air into the vapor canister 32
upon engine startup.

[0023] When the vapor canister 32 absorbs fuel vapor, its temperature rises.
According to the present teachings, the control module 30 of the evaporative emission
control system 20 monitors the temperature of the vapor canister 32 such as during a
refueling event and creates a profile or thermal signature that is representative of normal,
satisfactory operation of the vapor canister 32. An initial or baseline profile can be
established from measurements when the vehicle is new. The baseline profile can
include grams of hydrocarbon stored over a timeframe and/or heat generated over a
timeframe to simulate a typical refueling event. Additionally or alternatively, the control
system 20 may be set with various predetermined thresholds. The thresholds may be
pre-programmed or created from initial actual measurements of the evaporative emission

control system 20.
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[0024] Correlations may be made between fuel volume, fuel vapor, and heat of the
vapor canister 32 such that expected sighatures may be made. For instance, the control
module 30 may develop models that correlate a volume of new fuel corresponding to an
amount of vapor travelling through the conduit 52 into the vapor canister 32. Further, the
control module 30 can expect a given amount of vapor to raise the temperature of the
vapor canister 32 1o a predetermined temperature based on the signatures.
Temperatures can be measured throughout the life of the vapor canister 32 from which
real-time profiles can be created. If the real-time profiles from the measured temperatures
do not match the predicted signatures, the control module 30 may send a signal to the
electronic control unit 44 corresponding to a reactionary measure. For example, it may
be determined that the vapor canister is failing and it is time to replace the vapor canister
32. Additionally or alternatively the electronic control unit 44 may send a signal to an
instrument cluster indicating it is time to inspect the fuel tank system 10. Of course the
information can also be used fo initiate a purge event or other action within the
evaporative emission control system 20.

[0025] In some examples the control module 30 can send a signal to the electronic
control module 44 to illuminate a telliale on a vehicle instrument cluster (not shown).
Moreover, the thermal signature can be used to provide data {o the engine control unit 44
related to a volume of storage vapor in the vapor canister 32. Such information could be
used to trigger a purge event. While the above description is focused on creating thermal
sighatures based on introducing vapor into the vapor canister 32, it is also contemplated
that a thermal signature may be created based on vapor being removed from the vapor
canister 32. In other words, thermal signatures may be additionally or alternatively
created based on a cooling event of the vapor canister 32.

[0026] With particular reference to FIG. 2, the canister health sensing assembly 40
according to a first example will be described. The canister health sensing assembly 40
includes a thermal strip 70. The thermal strip 70 can be formed of aluminum or other
thermally conductive material. The thermal strip 70 can be coupled to the vapor canister
32 and be configured to change temperature with the vapor canister 32. The thermal strip
70 can include a thermistor 72 that is electrically connected to the control module 30

through an electrical connection 74.
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[0027] With reference to FIGS. 3A and 3B, a vapor concentration sensor assembly
140 according to one example of the present disclosure will be described. The vapor
concentration sensor assembly 140 can be used to help control vapor purge flow the
engine. The vapor concentration sensor assembly 140 can be used in conjunction with
the canister health sensing assembly 40. The vapor concentration sensor assembly 140
can be configured for use with the fuel tank system 10 and evaporative emission control
system 20 described above. The vapor concentration sensor assembly 140 can be a
signal emitting system 144. The signal emitting system 144 can include a first control
emitter/receiver pair 150 and a second control emitter/receiver pair 152. The first
emitter/receiver pair 150 can be configured in a control volume 154 and include a first
control emitter 160 and a first control receiver 162. The control volume 154 can be a
sealed volume with clean dry air inside.

[0028] The second control emitter/receiver pair 152 can be configured in a vapor
volume 164 and include a first measurement emitter 170 and a second measurement
receiver 172. The vapor volume corresponds to a volume within the vapor canister 32
that stores hydrocarbons. The first control emitter 160 can be used to send a first signal
or pulse through the control volume that is received by the first control receiver 162 which
establishes a base level. A first time required for the first signal to reach the first control
receiver 162 may be measured. The first measurement emitter 170 can be used to send
a second signal or pulse through the vapor volume 164. A second time required for the
second signal to reach the second measurement receiver may be measured. The first
and second times can be compared. As can be appreciated, as more fuel vapor is housed
in the vapor volume 164, the second time correspondingly increases.

[00298] The control module 30 can compare the time difference and make conclusions
to assist with controlling vapor purge flow. The vapor purge flow information can be
communicated to the engine control unit 44 to prepare the engine for vapor traveling from
the vapor canister 32 to the engine. Further, the vapor concentration in conjunction with
the float operated vent valve 48 can be used to limit flow from the fuel tank 12 during
vehicle purge events. The signal emitters 160 and 170 can be configured to emit sound
or light. The signal receivers 162 and 172 can be configured to receive sound or light. In
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this regard, the signal emitters 160 and 170 can be speakers while the signal receivers
162 and 172 can be microphones.

[0030] FIG. 4 illustrates an additional configuration that may be used in conjunction
with the vapor concentration sensor assembly 140 described above with respect to FIGS.
3A and 3B. An emitter 210 can emit a signal that is received by a receiver 212. The
vapor concentration sensor assembly 140 can include a serpentine pathway 220 that can
increase time required for the signal 1o travel from the emitter 210 to the receiver 212.
The increased distance created by the serpentine pathway 220 can increase resolution.
The sermpentine pathway 220 can be provided in the control volume 154 and/or the vapor
volume 164.

[0031] FIG. 5 illustrates another configuration that incorporates a first emitter 310 and
a pair of receivers 312, 314. The additional receiver can be used to create an additional
data point and improve resolution. 1t will be appreciated that other configurations having
multiple emitters and receivers may be provided to improve performance.

[0032] The foregoing description of the examples has been provided for purposes of
fllustration and description. It is not intended {o be exhaustive or {o limit the disclosure.
Individual elements or features of particular examples are generally not limited to that
particular example, but, where applicable, are interchangeable and can be used in a
selected example, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from the
disclosure, 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 control system for a fuel tank, the evaporative

emissions control system comprising:

a fuel tank;

a vapor storage canister configured to receive and store fuel vapor from the
fuel tank;

a storage canister health sensing assembly configured to measure an
operating characteristic of the vapor storage canister; and

a control module that receives inputs including the operating characteristic
from the canister health sensing assembly and communicates a signal to an electronic

control unit related to an operating status of the vapor storage canister.

2. The evaporative emissions control system of claim 1 wherein the operating

characteristic is temperature.

3. The evaporative emissions control system wherein the storage canister
health sensing assembly comprises a thermal strip disposed on the vapor storage

container.

4. The evaporative emissions control system of claim 3 wherein the thermal

strip is formed of aluminum.

5. The evaporative emissions control system wherein the thermal strip
includes a thermistor that is electrically connected to the control module through an

electrical connection.
6. The evaporative emissions control system of claim 2 wherein the control

module monitors temperature of the vapor storage canister at a first time and creates a

thermal signature representative of a normally operating purge canister.

10
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7. The evaporative emissions control system of claim 6 wherein the control
module monitors temperature of the vapor storage canister at a second time, afier the
first time and compares it with the thermal signature to determine the operating status of

the vapor storage canister.

8. The evaporative emissions control system of claim 7 wherein the control
module triggers a purge event based on the operating status.

9. The evaporative emissions control system of claim 1, further comprising a

vapor concentration sensor assembly that monitors sound.

10.  The evaporative emissions control system of claim 9 wherein the vapor
concentration sensor assembly includes a signal emitting system comprising:
a first control emitter receiver pair disposed in a control volume of clean dry
air; and
a second control emitter receiver pair disposed in a vapor volume
corresponding to a volume within the vapor canister that stores hydrocarbon;
wherein a first signal is sent from the first control emitter to the first control
receiver during a first time to establish a base level and wherein a second signal is sent
from the second control emitter to the second control receiver during a second time; and
wherein the control module compares the first and second times to control

vapor purge flow to an engine.

11.  The evaporative emissions control system of claim 10 wherein at least one

of the control volume and the vapor volume comprises a serpentine pathway.

12.  The evaporative emissions control system of claim 1, further comprising a

vapor concentration sensor assembly that monitors light.

11
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13. A method of monitoring an operating characteristic of a vapor storage

canister, the method comprising:

providing a storage canister health sensing assembly on the vapor storage
canister;

measuring a first operating characteristic of the vapor storage canister with
the storage canister health sensing assembly and communicating a first signal to a control
module based on the measured first operating characteristic;

establishing a predicted signature profile based on the measured first
operating characteristic of the vapor canister;

measuring a second operating characteristic of the vapor storage canister
with the storage canister health sensing assembly and communicating a second signal to
the control module based on the measured second operating characteristic,

establishing a second signature profile based on the measured second
operating characteristic of the vapor canister;

comparing the second signature profile with the predicted signature profile;
and

making a decision about the operation of the vapor storage canister based

on the comparing.

14.  The method of claim 13 wherein the first and second operating

characteristics comprise temperature of the vapor storage canister.

15.  The method of claim 14 wherein measuring the first operating characteristic
comprises:

communicating a signal from a thermal strip disposed on the vapor storage

container to the control module corresponding to a temperature of the vapor storage

container.
17.  The method of claim 13 wherein making the decision about the operation of

the vapor storage canister comprises:

initiating a purge event in the vapor storage canister.

12
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18.  The method of claim 13 wherein making the decision about the operation of
the vapor storage canister comprises:
sending a signal to an electronic control unit corresponding to a reactionary
measure.

19.  The method of claim 13, further comprising:

monitoring sound with a vapor concentration sensor.

20.  The method of claim 13, wherein monitoring sound further comprises:
sending a first signal from a first control emitter in a control volume;
receiving the first signal at a first receiver;
measuring a first time for the first signal to travel from the first control emitter

to the first receiver;
sending a second signal from a second control emitter in a vapor volume;
receiving the second signal at a second receiver;
measuring a second time for the second signal to travel from the second
control emitter to the second receiver,
comparing the first and second times; and

controlling vapor purge flow to an engine based on the comparing.

13
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