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(57) ABSTRACT

A leak diagnostic apparatus is provided for an evaporative
emission control system that purges fuel vapor from an inside
of a fuel tank to an intake passage of an internal combustion
engine. The leak diagnostic apparatus is basically provided
with a pressure detecting device and a leak determining
device. The pressure detecting device is configured and
arranged to detect a pressure inside the evaporative emission
control system, which includes the fuel tank. The leak deter-
mining device sets a leak determination threshold value in
accordance with a deformation amount of the fuel tank, and
determines if a leak exists by comparing the pressure inside
the evaporative emission control system while the evapora-
tive emission control system is sealed to the leak determina-
tion threshold value.
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LEAK DIAGNOSTIC APPARATUS FOR AN
EVAPORATIVE EMISSION CONTROL
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application Nos. 2008-123150, filed on May 9, 2008, and
2009-015090, filed on Jan. 27, 2009. The entire disclosures of
Japanese Patent Application Nos. 2008-123150 and 2009-
015090 are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to a leak
diagnostic apparatus for an evaporative emission control sys-
tem that purges fuel vapor (evaporated fuel) from a fuel tank
to an intake passage of an engine.

[0004] 2. Background Information

[0005] Inorderto prevent fuel vapor from being discharged
to the atmosphere, a known evaporative emission control
system directs fuel vapor from inside a fuel tank through a
fuel vapor vent passage to a canister where the fuel is
adsorbed. The fuel evaporative emission control system then
purges the adsorbed fuel vapor to an intake passage of an
engine. In this kind of evaporative emission control system,
the amount of fuel vapor that is purged to the intake passage
is adjusted by controlling the opening degree of a purge valve
provided in a passage communicating between the canister
and the intake passage.

[0006] A known method of diagnosing such an evaporative
emission control system for leakage is to close the purge valve
such that the space from the fuel tank to the purge valve is
sealed and determine if a leak exists based on a pressure
change occurring inside the sealed space. However, there are
times when the fuel tank changes shape due to a difference
between the internal and external pressures of the fuel tank,
thus causing the volume of the fuel tank to change. The
change in volume can affect the pressure in the sealed space
and cause an incorrect diagnosis to occur. Therefore, the
technology disclosed in Japanese Laid-Open Patent Publica-
tion No. 2003-83176 is contrived to detect a pressure inside
the fuel tank during a leak diagnosis and stop the leak diag-
nosis if a pressure change indicative of a large change in the
shape of the fuel tank occurs.

SUMMARY OF THE INVENTION

[0007] If the amount by which the fuel tank changes shape
(deforms) is large and the change in shape (deformation) is
sudden, then it will be difficult to achieve an accurate leak
diagnosis. However, a fuel tank made of a resin material, for
example, sometimes deforms gradually as the internal pres-
sure of the tank changes and eventually deforms by a large
amount. The inventor found that in such a case, it is possible
to accomplish a leak diagnosis because the deformation is
gradual. However, if the leak diagnosis is stopped as
described in Japanese Laid-Open Patent Publication No.
2003-83176 even when the deformation is gradual, then the
frequency of completed diagnoses will decrease and there
will be a possibility that a leaking state will go undiagnosed
for a long period of time.

[0008] Therefore, an object of the present invention is to
accomplish an accurate leak diagnosis of an evaporative
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emission control system when deformation of a fuel tank of
the system progresses gradually.

[0009] One aspect of the present invention is to provide a
leak diagnostic apparatus for an evaporative emission control
system that purges fuel vapor from an inside of a fuel tank to
an intake passage of an internal combustion engine. The leak
diagnostic apparatus basically comprises a pressure detecting
device and a leak determining device. The pressure detecting
device is configured and arranged to detect a pressure inside
the evaporative emission control system, which includes the
fuel tank. The leak determining device sets a leak determina-
tion threshold value in accordance with a deformation amount
of'the fuel tank, and determines if a leak exists by comparing
the pressure inside the evaporative emission control system
while the evaporative emission control system is sealed to the
leak determination threshold value.

[0010] These and other objects, features, aspects and
advantages of the present invention will become apparent to
those skilled in the art from the following detailed descrip-
tion, which, taken in conjunction with the annexed drawings,
discloses preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Referring now to the attached drawings which form
a part of this original disclosure:

[0012] FIG. 1 is a schematic view of an evaporative emis-
sion control system with a leak diagnostic apparatus that
employs a pump diagnostic method;

[0013] FIG. 2 is a flowchart of a leak diagnosis control in
accordance with a first embodiment;

[0014] FIG. 3 is a leak determination threshold value map
in accordance with the first embodiment;

[0015] FIG. 4 is a flowchart of a leak diagnosis control in
accordance with a second embodiment;

[0016] FIG. 5 is a leak determination threshold value map
in accordance with the second embodiment; and

[0017] FIG. 6 is a schematic view of an evaporative emis-
sion system with a leak diagnostic apparatus that employs an
engine vacuum diagnostic method or an EONV diagnostic
method.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] Selected embodiments of the present invention will
now be explained with reference to the drawings. It will be
apparent to those skilled in the art from this disclosure that the
following descriptions of the embodiments of the present
invention are provided for illustration only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

[0019] Referring initially to FIG. 1, an evaporative emis-
sion control system is schematically illustrated in accordance
with a first embodiment. The evaporative emission control
system basically includes a fuel tank 1, fuel level sensor 2, a
canister 3, an air pump 4, a purge valve 5, an intake passage 6,
a throttle valve 7, a pressure sensor 8, a vapor passage 9, a
purge passage 10, a drain passage 11, a control unit 13, and an
intake air temperature sensor 14. The fuel level sensor 2 is one
example of a fuel level detecting device that is configured and
arranged to detect a fuel level inside the fuel tank 1. The fuel
tank 1 and the canister 3 are connected by the vapor passage
9 for communicating fuel vapor between the fuel tank 1 and
the canister 3. The air pump 4 is arranged to pump air out of
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the canister 3 via the drain passage 11. The purge valve 5
regulates an amount of fuel vapor purged. The intake passage
6 provides intake air an engine. The throttle valve 7 is con-
figured to regulate an intake air amount to the engine. The
pressure sensor 8 is one example of a pressure detecting
device. The purge passage 10 is arranged to communicate
between the canister 3 and the intake passage 6 at a position
downstream from the throttle valve 7. The drain passage 11 is
arranged to communicate between an inside of the canister 3
and the outside atmosphere. The control unit 13 is one
example of a leak determining device. The intake air tempera-
ture sensor 14 is one example of an ambient temperature
detecting device.

[0020] The control unit 13 executes a leak diagnosis (de-
scribed later) based on detection values obtained from the fuel
level sensor 2 and the pressure sensor 8 while controlling the
opening degrees of the purge valve 5 and the throttle valve 7
and the operating state (running or stopped) of the air pump 4.
Thus, in this embodiment, the leak diagnostic apparatus
includes, but not limited to, the fuel level sensor 2, the air
pump 4, the purge valve 5, the throttle valve 7, the pressure
sensor 8 and the control unit 13. With the leak diagnostic
apparatus, a leak is determined to exist or not exist based on
a leak determination threshold value set in accordance with a
deformation of the fuel tank 1. As a result, an accurate leak
diagnosis can be accomplished even when the fuel tank 1
changes shape.

[0021] The air pump 4 is a vacuum pump provided in the
drain passage 11 and serves to reduce the pressure inside the
evaporative emission control system by pumping air out of
the evaporative emission control system through the drain
passage 11.

[0022] The purge valve 5 remains closed except during a
purge operation that will be described below. The inside of the
canister 3 communicates with the outside atmosphere
through the air pump 4 and the drain passage 11.

[0023] Thecontrol unit 13 preferably includes a microcom-
puter with a fuel vapor purging control program that controls
purging of the fuel vapor and a leak diagnosis control pro-
gram that controls the leak diagnosis as discussed below. The
control unit 13 can also include other conventional compo-
nents such as an input interface circuit, an output interface
circuit, and storage devices such as a ROM (Read Only
Memory) device and a RAM (Random Access Memory)
device. The microcomputer of the control unit 13 is at least
programmed to control the air pump 4, the purge valve 5 and
the throttle valve 7 for carrying out the purging of the fuel
vapor and the leak diagnosis explained below. The microcom-
puter of the control unit 13 is also at least programmed to
receive detection results or values from fuel level sensor 2, the
pressure sensor 8 and the intake air temperature sensor 14 for
carrying out the leak diagnosis explained below. It will be
apparent to those skilled in the art from this disclosure that the
precise structure and algorithms for the control unit 13 can be
any combination of hardware and software that will carry out
the functions described herein.

[0024] A method of purging fuel vapor will now be
explained.
[0025] Fuel vapor generated by the evaporation of fuel

inside the fuel tank 1 flows into the canister 3 through the
vapor passage 9 and is adsorbed onto an adsorbing material
made of activated carbon or the like housed inside the canister
3. When the amount of adsorbed fuel vapor reaches a pre-
scribed amount, the control unit 13 opens the purge valve 5.
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Since the pressure inside the intake passage 6 is below atmo-
spheric pressure, when the purge valve 5 is opened, the pres-
sure inside the purge passage 10 falls below atmospheric
pressure and air flows into the canister 3 through the drain
passage 11. This flow of air causes the fuel vapor adsorbed to
the adsorbing material to separate from the adsorbing mate-
rial and be purged to the intake passage 6 through the purge
passage 10.

[0026] A leak diagnosis of the evaporative emission control
system described above executed by the control unit 13 will
now be explained.

[0027] A leak diagnosis executed according to this first
embodiment is basically the same diagnostic method as what
is generally called a pump diagnosis. In a pump diagnosis,
after the engine is stopped, the purge valve 5 is closed to
isolate the evaporative emission control system, which basi-
cally comprises the fuel tank 1, the vapor passage 9, the
canister 3, and the purge passage 10. The air pump 4 is then
operated so as to discharge air from inside the evaporative
emission control system. If the pressure inside the system
decreases to a pressure equal to or below a leak determination
threshold value, then it is determined that a leak does not
exist. If the pressure does not decrease to the prescribed leak
determination threshold value, then it is determined that a
leak exists. However, the method of setting the prescribed
leak determination threshold value is different from other
pump diagnostic methods.

[0028] FIG. 2 is aflowchart of a leak diagnosis according to
this first embodiment.

[0029] Instep S101, the control unit 13 determines if con-
ditions permitting execution of a diagnosis are satisfied. The
diagnosis permission conditions are the same as the diagnosis
conditions for a leak diagnosis using a typical pump method.
For example, the diagnosis is permitted when three to five
hours have elapsed since the engine was stopped and the
outside temperature and pressure are within a prescribed
range. The reason for waiting three to five hours after the
engine is stopped is to allow the temperature inside the fuel
tank 1 to stabilize. The temperature inside the fuel tank 1
temporarily rises after the engine is stopped because the air
movement that cooled the fuel tank 1 while the vehicle was
moving no longer exists and because the fuel tank 1 is warmed
by heat from an exhaust passage arranged in the vicinity of the
fuel tank 1.

[0030] The requirement that “the outside temperature and
pressure are within a prescribed range” refers to typical ambi-
ent air conditions under which the vehicle is anticipated to be
driven. This requirement prevents a diagnosis from being
executed at very high elevations or under very cold conditions
in which it is difficult to achieve an accurate determination.
[0031] Ifthe diagnosis permission conditions are satisfied,
then the control unit 13 proceeds to step S102. Otherwise, the
control unit 13 ends the control loop.

[0032] In step S102, the control unit 13 reads a detection
value of the fuel level sensor 2, i.e., the detected fuel level F
inside the fuel tank 1.

[0033] In step S103, the control unit 13 reads an ambient
temperature T of the evaporative emission control system. A
detection value of the intake air temperature sensor 14 is used
as the detected ambient temperature T.

[0034] In step S104, the control unit 13 computes a leak
determination threshold value Pj based on the detected fuel
level F and the detected ambient temperature T. The leak
determination threshold value Pj is a pressure value (negative
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pressure value) that will be reached when the air pump 4 is
driven if a leak does not exists in the evaporative emission
control system.

[0035] More specifically, the computation is executed
using the map shown in FIG. 3. FIG. 3 is a map having
pressure indicated on a vertical axis and fuel level indicated
on a horizontal axis. In FIG. 3, the lower broken line indicates
a leak determination threshold value (reference leak determi-
nation threshold value) obtained when there is no deforma-
tion of the fuel tank 1. The solid curves A and B are leak
determination threshold value curves indicating leak deter-
mination threshold values that have been revised with respect
to a case in which there is no deformation of the fuel tank 1
based on the detected fuel level F and the detected ambient
temperature T. The curve A corresponds to a high ambient
temperature and the curve B corresponds to a normal ambient
temperature.

[0036] When the fuel level is low, the leak determination
threshold value Pj corresponding to a normal ambient tem-
perature is higher than the leak determination threshold value
Pj corresponding to a case in which there is no deformation of
the fuel tank 1. Furthermore, the leak determination threshold
value Pj corresponding to a high ambient temperature is
higher than the leak determination threshold value Pj corre-
sponding to a normal ambient temperature. As the ambient
temperature T increases, the fuel tank 1 deforms more readily
(this trend is particularly pronounced when the fuel tank 1 is
made of resin) and, consequently, a larger amount of defor-
mation occurs when the air pump 4 is driven so as to lower the
pressure inside the fuel tank 1. The curves A and B are
contrived to reflect this characteristic. In other words, the
more the volume of the fuel tank 1 decreases due to deforma-
tion when the air pump 4 is driven, the less readily the pres-
sure inside the evaporative emission control system will
decrease. Consequently, the larger the amount of deformation
of the fuel tank 1 is, the more likely it will be that an misdi-
agnosis will occur if the leak determination threshold value Pj
is not set closer to atmospheric pressure.

[0037] As the fuel level F increases, both the curve corre-
sponding to a high ambient temperature and the curve corre-
sponding to a normal ambient temperature approach the leak
determination threshold value corresponding to a case in
which there is no deformation of the fuel tank 1. The curves
are designed in this manner because it has been observed
experimentally that as the fuel level F increases, i.e., as the
volume of air inside the fuel tank 1 decreases, the ambient
temperature makes less of a difference in the amount by
which the pressure inside the evaporative emission control
system decreases because the amount of deformation of the
fuel tank 1 decreases.

[0038] The leak determination threshold value Pj (refer-
ence leak determination threshold value) corresponding to no
deformation of the fuel tank 1 varies depending on the capac-
ity of the air pump 4, i.e., on the vacuum pressure (negative
pressure) pulled in the evaporative emission control system.
For example, the closer the vacuum pressure pulled is to the
atmospheric pressure, the closer the leak determination
threshold value Pj will be to the atmospheric pressure. There-
fore, a leak determination threshold value Pj tailored to the
vacuum pressure imposed is found in advance experimentally
based on the capacity of the air pump 4 used and the volume
of the evaporative emission control system.

[0039] The same applies to the leak determination thresh-
old value curve. Moreover, since the ease of deformation of
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the fuel tank 1 differs depending on the material and shape of
the fuel tank 1, a leak determination curve tailored to the fuel
tank 1 used is prepared using experimental data or the like.
[0040] Although only two leak determination threshold
value curves, one corresponding to a normal temperature and
one corresponding to a high temperature, are presented in this
embodiment, in actual practice separate leak determination
threshold value curves are prepared for each of a larger num-
ber of ambient temperatures separated by smaller intervals
and the leak determination threshold value curve is selected
according to the detected ambient temperature T.

[0041] In step S105, the control unit 13 operates the air
pump 4 and lowers the pressure inside the evaporative emis-
sion control system.

[0042] Instep S106, the control unit 13 measures a pressure
P inside the fuel tank 1 based on a detection value of the
pressure sensor 8.

[0043] Instep S107, the control unit 13 compares the mea-
sured pressure P and the computed leak determination thresh-
old value Pj. If the pressure P is smaller (i.e., if the degree of
vacuum is large), then the control unit 13 proceeds to step
S108 and determines that the system is normal. If the leak
determination threshold value Pj is the smaller of the two
values, then the control unit 13 proceeds to step S109 and
alerts a driver that a leak exists by, for example, illuminating
a MIL (malfunction indication lamp). The control unit 13
then ends the control loop.

[0044] As described above, the leak diagnostic apparatus of
this embodiment computes the leak determination threshold
value Pj in accordance with the detected fuel level F and the
detected ambient temperature T. Thus, the computation is
equivalent to estimating a deformation amount of the fuel
tank 1 based on the detected fuel level F and the detected
ambient temperature T and computing the leak determination
threshold value Pj based on the estimated deformation
amount. The leak determination threshold value Pj is then
used to determine if a leak exists. This diagnostic method is
particularly effective when the fuel tank 1 changes shape
greatly depending on temperature, such as when the fuel tank
1 is made of a resin material.

[0045] Effects achievable with this embodiment will now
be explained.
[0046] This leak diagnostic apparatus is for an evaporative

emission control system that purges fuel vapor from the
inside of the fuel tank 1 to the intake passage 6. The leak
diagnostic apparatus has the pressure sensor 8 configured and
arranged to detect a pressure inside the evaporative emission
control system (the fuel tank 1, the canister 3, the vapor
passage 9, and the purge passage 10) and the leak determining
device (control unit 13) that determines if a leak exists by
comparing a pressure detected while the evaporative emis-
sion control system is sealed to the leak determination thresh-
old value Pj that is set in accordance with a deformation
amount of the fuel tank 1. Since the existence or absence of a
leak is determined based on a leak determination threshold
value that is set in accordance with a deformation amount of
the fuel tank 1, a situation in which a leak is incorrectly
determined to exist because of a change in the shape of the
fuel tank 1 can be prevented. More specifically, a situation in
which the detected pressure does not decrease sufficiently
during a diagnosis because of a change in the shape of the fuel
tank 1 (and not because of a leak) can be avoided. Addition-
ally, since the leak diagnosis is conducted using the leak
determination threshold value Pj set based on a deformation
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amount, a leak diagnosis can be accomplished under a variety
of conditions and a decline in the frequency of leak diagnoses
can be prevented.

[0047] The leak determination threshold value PJ is set by
revising the leak determination threshold value (reference
leak determination threshold value) corresponding to a case
in which there is no deformation of the fuel tank 1 based on
the detected fuel level and/or the detected ambient tempera-
ture. That is, the leak determination threshold value Pj is set
based on a fuel level that correlates to a deformation (shape
change) of the fuel tank. As a result, the leak determination
threshold value Pj that corresponds to the deformation of the
fuel tank 1 can be set.

[0048] The apparatus sets the leak determination threshold
value (reference leak determination threshold value) corre-
sponding to a case in which there is no deformation of the fuel
tank 1 and the revision amount (based on the detected fuel
level F and/or the detected ambient temperature T) to be
applied to that leak determination threshold value according
to the vacuum pressure that will be pulled inside the evapo-
rative emission control system. As a result, an accurate leak
diagnosis can be accomplished regardless of the vacuum
pressure pulled.

[0049] A second embodiment will now be explained with
reference to FIGS. 4 and 5. The evaporative emission control
system of FIG. 1 to which this second embodiment is applied
is the same as for the first embodiment and, thus, an explana-
tion thereof will be omitted.

[0050] FIG.4 isaflowchart ofaleak diagnosis according to
this second embodiment. Steps S201 and S202 are the same
as steps S101 and S102 of FIG. 2, and steps S203 to S208 are
the same as steps S104 to S109 of FIG. 2. Thus, this embodi-
ment differs from the first embodiment in that it does not read
an ambient temperature T and computes the leak determina-
tion threshold value Pj based solely on the fuel level F.
[0051] FIG. 5 is a map for computing the leak determina-
tion threshold value Pj. Pressure is indicated on a vertical axis
and fuel level is indicated on a horizontal axis. The broken
line indicates a leak determination threshold value (reference
leak determination threshold value) corresponding to a case
in which there is no deformation of the fuel tank 1. The solid
curve is a leak determination threshold value curve plotted
versus the fuel level F. As shown in FIG. 5, the leak determi-
nation threshold value Pj is closer to the atmospheric pressure
when the fuel level F is low and closer to the leak determina-
tion threshold value corresponding to a case in which there is
no deformation ofthe fuel tank 1 when the fuel level F is high.
[0052] In this way, incorrect diagnoses resulting from
deformation of the fuel tank 1 can be prevented and a suffi-
cient frequency of diagnosis can be ensured even when the
leak determination threshold value Pj is computed based
solely on the fuel level F. In particular, this method can pro-
vide a sufficient frequency of leak diagnoses when the fuel
tank 1 does not change shape very much in response to tem-
perature changes, such in the case of a fuel tank made of
metal.

[0053] Inthe preceding explanations, the embodiments are
explained in terms of its application to a pump method of leak
diagnosis. However, the leak diagnostic apparatus can also be
applied to an engine vacuum method or an EONV (engine off
natural vacuum) method that does not use an air pump 4.
[0054] FIG. 6 is a schematic view of an evaporative emis-
sion control system in which an engine vacuum method or
EONYV method of leak diagnosis is employed. The system is
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basically the same as in the previously explained embodi-
ments except that a drain cut valve 12 is arranged in the drain
passage 11 instead of an air pump 4. Since the air pump 4 is
not used, the drain cut valve 12 is necessary in order to seal a
pressure inside the evaporative emission control system.
[0055] With the engine vacuum method, a leak diagnosis is
executed while the vehicle is traveling by closing the drain cut
valve 12 and opening the purge valve 5 such that the vacuum
pressure in the intake passage 6 creates or pulls a vacuum
inside the evaporative emission control system. After creating
or pulling a vacuum, the purge valve 5 is closed such that the
evaporative emission control system is sealed closed. The
apparatus determines if a leak exists based on a change in the
pressure inside the evaporative emission control system after
the purge valve 5 is closed. More specifically, since the evapo-
rative emission control system will hold the vacuum pressure
if it does not have a leak, the apparatus determines that a leak
exists if the pressure inside the evaporative emission control
system rises beyond a prescribed leak determination thresh-
old value.

[0056] Inthe case of an EONV method, the drain cut valve
12 is closed and the evaporative emission control system is
sealed after the engine is stopped. The apparatus then deter-
mines if a leak exists based on a change in the pressure inside
the evaporative emission control system. As explained previ-
ously, the temperature inside the fuel tank temporarily rises
after the engine is stopped due to the effect of heat from an
exhaust passage and the absence of air cooling that occurred
while the vehicle was moving. The temperature inside the fuel
tank then decreases as the temperature of the exhaust passage
decreases. Since the pressure inside the evaporative emission
control system can be expected to change as the temperature
changes if a leak does not exist, the apparatus determines that
aleak exists if the pressure change is smaller than a prescribed
leak determination threshold value even though the fuel tem-
perature is changing. The fuel temperature is detected by a
fuel temperature sensor 15.

[0057] In the vacuum method or the EONV method, an
accurate diagnosis can be accomplished even when the shape
of'the fuel tank 1 changes by varying the leak determination
threshold value used to determine if a leak exists based on the
fuel level F and the ambient temperature T.

General Interpretation of Terms

[0058] Inunderstanding the scope of the present invention,
the term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts. The
term “detect” as used herein to describe an operation or func-
tion carried out by a component, a section, a device or the like
includes a component, a section, a device or the like that does
not require physical detection, but rather includes determin-
ing, measuring, modeling, predicting or computing or the like
to carry out the operation or function. The term “configured”
as used herein to describe a component, section or part of a
device includes hardware and/or software that is constructed
and/or programmed to carry out the desired function. The
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terms of degree such as “substantially”, “about” and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not
significantly changed.

[0059] While only selected embodiments have been chosen
to illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims. For
example, the size, shape, location or orientation of the various
components can be changed as needed and/or desired. Com-
ponents that are shown directly connected or contacting each
other can have intermediate structures disposed between
them. The functions of one element can be performed by two,
and vice versa. The structures and functions of one embodi-
ment can be adopted in another embodiment. It is not neces-
sary for all advantages to be present in a particular embodi-
ment at the same time. Every feature which is unique from the
prior art, alone or in combination with other features, also
should be considered a separate description of further inven-
tions by the applicant, including the structural and/or func-
tional concepts embodied by such feature(s). Thus, the fore-
going descriptions of the embodiments according to the
present invention are provided for illustration only, and not
for the purpose of limiting the invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A leak diagnostic apparatus for an evaporative emission
control system that purges fuel vapor from an inside of a fuel
tank to an intake passage of an internal combustion engine,
comprising:

a pressure detecting device configured and arranged to
detect a pressure inside the evaporative emission control
system, which includes the fuel tank; and

a leak determining device that sets a leak determination
threshold value in accordance with a deformation
amount of the fuel tank, and that determines if a leak
exists by comparing the pressure inside the evaporative
emission control system while the evaporative emission
control system is sealed to the leak determination thresh-
old value.

2. The leak diagnostic apparatus according to claim 1,

further comprising

a fuel level detecting device configured and arranged to
obtain a detected fuel level inside the fuel tank, with the
leak determining device setting the leak determination
threshold value in accordance with the deformation
amount of the fuel tank by revising a reference leak
determination threshold value corresponding to a case in
which there is no deformation of the fuel tank based on
the detected fuel level.

3. The leak diagnostic apparatus according to claim 2,

wherein

the leak determining device sets the leak determination
threshold value by revising the reference leak determi-
nation threshold value such that as the detected fuel level
becomes lower, the leak determination threshold value
becomes closer to atmospheric pressure.

4. The leak diagnostic apparatus according to claim 2,

further comprising

an ambient temperature detecting device configured and
arranged to obtain a detected ambient temperature of the
evaporative emission control system, with the leak
determining device setting the leak determination
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threshold value in accordance with the deformation
amount of the fuel tank by revising the reference leak
determination threshold value based on the detected fuel
level and the detected ambient temperature.
5. The leak diagnostic apparatus according to claim 4,
wherein

the leak determining device sets the leak determination
threshold value by revising the reference leak determi-
nation threshold value such that as the detected ambient
temperature becomes higher, the leak determination
threshold value becomes closer to atmospheric pressure.
6. The leak diagnostic apparatus according to claim 1,
wherein
the leak determining device compares the leak determina-
tion threshold value to the pressure inside the evapora-
tive emission control system while the evaporative emis-
sion control system is sealed after having been pulled to
a vacuum pressure; and

the leak determining device sets a reference leak determi-
nation threshold value corresponding to a case in which
there is no deformation of the fuel tank and a revision
amount of the reference leak determination threshold
value in accordance with the vacuum pressure pulled
inside the evaporative emission control system, such that
the setting of the leak determination threshold value in
accordance with the deformation amount of the fuel tank
is revised by the reference leak determination threshold
value.

7. A leak diagnostic method for an evaporative emission
control system that purges fuel vapor from an inside of a fuel
tank to an intake passage of an internal combustion engine,
comprising:

detecting a pressure inside the evaporative emission con-

trol system, which includes the fuel tank; and
setting a leak determination threshold value in accordance
with a deformation amount of the fuel tank; and

determining if a leak exists by comparing the pressure
inside the evaporative emission control system while the
evaporative emission control system is sealed to the leak
determination threshold value.

8. The leak diagnostic method according to claim 7, further
comprising

obtaining a detected fuel level inside the fuel tank, with the

setting of the leak determination threshold value in
accordance with the deformation amount of the fuel tank
being revised by a reference leak determination thresh-
old value corresponding to a case in which there is no
deformation of the fuel tank based on the detected fuel
level.

9. The leak diagnostic method according to claim 8,
wherein

the setting of the leak determination threshold value is

revised by the reference leak determination threshold
value such that as the detected fuel level becomes lower,
the leak determination threshold value becomes closer
to atmospheric pressure.

10. The leak diagnostic method according to claim 8, fur-
ther comprising

obtaining a detected ambient temperature of the evapora-

tive emission control system, with the setting of the leak
determination threshold value in accordance with the
deformation amount of the fuel tank being revised by the
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reference leak determination threshold value based on
the detected fuel level and the detected ambient tempera-
ture.
11. The leak diagnostic method according to claim 10,
wherein
the setting of the leak determination threshold value is
revised by the reference leak determination threshold
value such that as the detected ambient temperature
becomes higher, the leak determination threshold value
becomes closer to atmospheric pressure.
12. The leak diagnostic method according to claim 7, fur-
ther comprising
comparing the leak determination threshold value to the
pressure inside the evaporative emission control system
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while the evaporative emission control system is sealed
after having been pulled to a vacuum pressure,

setting of a leak determination threshold value correspond-
ing to a case in which there is no deformation of the fuel
tank, and

setting a revision amount of the reference leak determina-
tion threshold value in accordance with the vacuum
pressure pulled inside the evaporative emission control
system, such that the setting of the leak determination
threshold value in accordance with the deformation
amount of the fuel tank is revised by the reference leak
determination threshold value.

sk sk sk sk sk
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