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(57) ABSTRACT 

A leak check system executes a leak check processing. In the 
leak check processing, the system closes a canister Valve and 
a purge Valve to close the fuel Vapor purge system. Then, the 
system detects and monitors a pressure in the fuel Vapor 
purge system. During the leak check processing, the system 
detects a rapid change of the pressure that is caused by a 
deformation of a Wall of a fuel tank. The system cancels or 
suspends the processing to avoid erroneous detection of the 
leak. If the leak check is canceled, the system opens the 
canister Valve to open the fuel Vapor purge system. 
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LEAK CHECK FOR FUEL VAPOR PURGE 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based on Japanese Patent Applications 
No. 2001-274767 ?led on Sep. 11, 2001 and No. 2001 
274768 ?led on Sep. 11, 2001 the contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a fuel vapor purge system, 
and more particularly, an apparatus and method of detecting 
a leak in the fuel vapor purge system. 

2. Related Art 

According to a conventional fuel vapor purge system, fuel 
vapor generated from a fuel tank is stored in an active carbon 
canister. The fuel vapor stored in the active carbon canister is 
purged to an intake path of an engine and combusted by the 
engine When a predetermined condition is satis?ed. A purge 
valve is provided between the active carbon canister and the 
intake path to thereby control an amount of the fuel vapor to 
be purged. The path is provided With a canister valve. 

It is requested for a fuel vapor purge system to check 
presence or absence of a leak. For example, by hermetically 
closing a portion of the fuel vapor purge system and moni 
toring pressure in the hermetically closed path, the leak of 
the hermetically closed path can be detected. For example, 
by closing the purge valve and the canister valve, a path 
including a fuel tank, the canister and a plurality pipes can 
hermetically be closed. For example, the pressure in the her 
metically closed path can be monitored by a sensor for 
detecting pressure in the fuel tank. Such a leak check can be 
carried out in operating the engine or When the engine is 
stopped. US. Pat. No. 5,263,462 discloses a leak check 
Which is carried out When the engine is being stopped. 

Various new problems are posed in the fuel vapor purge 
system Which can hermetically be closed. 

For example, under a state in Which the system is hermeti 
cally closed, rapid deformation of the fuel tank brings about 
rapid change in pressure in the fuel tank. Therefore, there is a 
concern of causing an error in the leak check. Particularly, a 
fuel tank made of resin is more liable to deform than a fuel 
tank made of a metal plate. The deformation of the tank may 
be brought about by a pressure difference needed for the leak 
check. Therefore, it is also conceivable that the deformation 
of the tank is brought about at each leak check. 

For example, according to the fuel vapor purge system 
Which can hermetically be closed, unpreferable pressure 
may be maintained. For example, excessive positive pressure 
or excessive negative pressure is maintained in the fuel tank. 
Such an excessive pressure exposes a component of the fuel 
vapor purge system to a severe pressure difference over a 
long period of time to thereby bring about deformation or 
deterioration in function. For example, an excessive pressure 
difference is operated to a fuel tank over a long period of 
time. In other aspect, negative pressure hampers the leak of 
the fuel vapor from the fuel vapor purge system to the atmo 
sphere. Therefore, it is preferable to maintain inside of the 
fuel vapor purge system under negative pressure. 
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2 
SUMMARY OF THE INVENTION 

The present invention provides an improved fuel vapor 
purge system. 

It is one object of the invention to promote reliability of 
leak check in a fuel vapor purge system. 

It is another object of the invention to prevent error of leak 
check caused by deformation of a fuel tank. 

It is still another object of the invention to promote reli 
ability of the fuel vapor purge system. 

It is another object of the invention to prevent a fuel vapor 
purge system from being maintained under unpreferable 
pressure. 

It is still another object of the invention to prevent the fuel 
vapor purge system from being maintained continuously 
under positive pressure after an engine has been stopped. 

According to an aspect of the invention, leak check is 
cancelled or suspended by erroneous avoiding means When a 
pressure of a fuel vapor purge system detected by pressure 
detecting means is rapidly changed When checking a leak by 
leak checking means. Thereby, it can be prevented to errone 
ously determine presence or absence of the leak by being 
in?uenced by a change in the pressure by deformation of a 
fuel tank. Thereby, reliability of leak check can be promoted. 
The pressure in checking the leak may be restricted in a 

pressure range by Which deformation of the fuel tank is not 
brought about. In this case, it is effective to restrict the pres 
sure in accordance With a detected value related to tempera 
ture of the fuel tank. 

In the case in Which deformation of the fuel tank is 
brought about When the pressure of the fuel vapor purge 
system is rapidly changed in checking the leak, a restricted 
value may be corrected in a direction of approaching the 
atmospheric pressure. At a successive time of checking the 
leak, the pressure of the fuel vapor purge system can be 
restricted in the pressure range by Which deformation of the 
fuel tank is not brought about and deformation of the fuel 
tank can be prevented. 
When leak check is stopped by detecting a rapid change in 

the pressure of the fuel vapor purge system by deformation 
of the fuel tank, a hermetically closed state of the fuel vapor 
purge system may be released. Thereby, pressure load 
applied on the fuel tank can sWiftly be alleviated. 

According to another aspect of the invention, a ?rst valve 
is opened When leak check is ?nished. 

For example, in the case of using a normally closed type 
?rst valve capable of maintaining a valve closing state even 
When electricity conduction is made OFF, even When a leak 
check While an engine is being stopped to operate, has been 
?nished (main relay is made OFF), in the case in Which the 
?rst valve is closed successively and the fuel vapor purge 
system is maintained in the hermetically closed state, there is 
a concern that pressure load applied on the fuel vapor purge 
system becomes excessively large While the engine is being 
stopped to operate by an increase in the pressure accompa 
nied by generating fuel vapor or a decrease in the pressure 
accompanied by temperature drop. Therefore, in the case in 
Which the hermetically closed state of the fuel vapor purge 
system is released by opening a canister valve When the leak 
check While the engine is being stopped to operate, has been 
?nished, the pressure load applied on the fuel vapor purge 
system can be alleviated by returning pressure of the fuel 
vapor purge system to a vicinity of the atmospheric pressure 
When the leak check While the internal combustion engine is 
being stopped to operate, has been ?nished and a factor of 
causing the leak can be reduced. Further, in the case in Which 
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the canister valve is opened when the leak check while the 
engine is being stopped to operate, has been ?nished, there 
can be prevented beforehand a failure of ?xing the canister 
valve to a valve closing state while the internal combustion 
engine is being stopped to operate. 

Further, according to another aspect of the invention, 
when the leak check has been ?nished, the canister valve is 
temporarily opened to thereby temporarily release the her 
metically closed state of the fuel vapor purge system and 
thereafter, the canister valve is closed again to thereby her 
metically close the fuel vapor purge system. 

In the case in which the hermetically closed state of the 
fuel vapor purge system is released by opening the canister 
valve when the leak check while the engine is being stopped 
to operate, has been ?nished, the pressure of the fuel vapor 
purge system which has been increased by generating fuel 
vapor in checking the leak, can swiftly be decreased to a 
vicinity of the atmospheric pressure after ?nishing the leak 
check. Thereafter, when the fuel vapor purge system is 
returned to the hermetically closed state by opening the can 
ister valve again, by a decrease in the pressure of the fuel 
vapor purge system accompanied by drop of fuel tempera 
ture thereafter, the pressure of the fuel vapor purge system 
can be decreased to a pressure lower than the atmospheric 
pressure (negative pressure)in a short period of time. 
Thereafter, the fuel vapor purge system is maintained under 
negative pres sure and therefore, even when a very small hole 
is opened assumedly in the fuel vapor purge system, only the 
atmosphere is sucked from the hole into the fuel vapor purge 
system, fuel vapor in the fuel vapor purge system can be 
prevented from leaking out into the atmosphere and an 
amount of leaking fuel vapor can be reduced. 

In this case, the ?rst valve may be closed at a time point at 
which pressure detected by the pressure detecting means 
becomes lower than a predetermined determinant. For 
example, the fuel vapor purge system can hermetically be 
closed again by closing the ?rst valve after con?rming that 
the pressure of the fuel vapor purge system has actually been 
decreased to a vicinity of the atmospheric pressure. The 
valve opening time of the ?rst valve, or electricity conduc 
tion time in the case of the normally closed type ?rst valve, 
can be made a necessary minimum. 

Further, when the pressure detected by the pressure 
detecting means is equal to or smaller than a predetermined 
determinant, the ?rst valve may be prevented from being 
opened. In the case in which the pressure of the fuel vapor 
purge system has already been decreased to the determinant 
or lower, for example, a vicinity of the atmospheric pressure 
when the leak check has been ?nished, it is not necessary to 
open the ?rst valve. Thereby, when the leak check has been 
?nished, wasteful drive to open and close the ?rst valve can 
be avoided and power consumption can be reduced while the 
engine is being stopped to operate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of embodiments will be 
appreciated, as well as methods of operation and the func 
tion of the related parts, from a study of the following 
detailed description, the appended claims, and the drawings, 
all of which form a part of this application. In the drawings: 

FIG. 1 is a block diagram of a fuel vapor purge system 
according to a ?rst embodiment of the invention; 

FIG. 2 is a sectional view of a canister valve according to 
the ?rst embodiment of the invention; 

FIG. 3 is a sectional view of the canister valve according 
to the ?rst embodiment of the invention; 
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4 
FIG. 4A is a sectional view of the canister valve according 

to the ?rst embodiment of the invention; 
FIG. 4B is a sectional view of the canister valve according 

to the ?rst embodiment of the invention; 
FIG. 4C is a sectional view of the canister valve according 

to the ?rst embodiment of the invention; 
FIG. 4D is a sectional view of the canister valve according 

to the ?rst embodiment of the invention; 
FIG. 5 is a ?owchart showing leak check processings of 

the fuel vapor purge system according to the ?rst embodi 
ment of the invention; 

FIG. 6 is a ?owchart showing relay control progressings 
of the fuel vapor purge system according to the ?rst embodi 
ment of the invention; 

FIG. 7 is a time chart showing a leak check procedure 
according to the ?rst embodiment of the invention; 

FIG. 8 is a ?owchart showing leak check processings of a 
fuel vapor purge system according to a second embodiment 
of the invention; 

FIG. 9 is a ?owchart showing leak check processings of 
the fuel vapor purge system according to the second embodi 
ment of the invention; 

FIG. 10A is a graph showing a correction characteristic 
according to the second embodiment of the invention; 

FIG. 10B is a graph showing a correction characteristic 
according to the second embodiment of the invention; 

FIG. 11A is a graph showing a correction characteristic 
according to the second embodiment of the invention; 

FIG. 11B is a graph showing a correction characteristic 
according to the second embodiment of the invention; 

FIG. 12 is a time chart showing a leak check procedure 
according to the second embodiment of the invention; 

FIG. 13 is a time chart showing a leak check procedure 
according to the ?rst and second embodiments of the inven 
tion; 

FIG. 14 is a ?owchart showing leak check processings of 
a fuel vapor purge system according to a third embodiment 
of the invention; 

FIG. 15 is a ?owchart showing leak check processings of 
the fuel vapor purge system according to the third embodi 
ment of the invention; and 

FIG. 16 is a time chart showing a leak check procedure 
according to the third embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

(First Embodiment) 
An explanation will be given of a ?rst embodiment of the 

invention in reference to FIG. 1 through FIG. 7 as follows. 
First, an explanation will be given of a constitution of a fuel 
vapor purge system in reference to FIG. 1. A fuel tank 11 is 
molded by resin. The fuel tank 11 is connected with a canis 
ter 13 via a fuel vapor path 12. An adsorber 13a of active 
carbon or the like for adsorbing the fuel vapor is contained in 
the canister 13. Further, an atmosphere communicating path 
of a bottom face portion of the canister 13 is attached with a 
canister valve 14 (CCV) of a power saving type, mentioned 
later. 

Meanwhile, between the canister 13 and an engine intake 
system, there is provided a purge path 15 for purging 
(discharging) fuel vapor adsorbed to the adsorber in the can 
ister 13 to the engine intake system and a purge valve 16 for 
controlling a purge ?ow rate is provided at a middle of the 
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purge path 15. The purge valve 16 is constituted by a nor 
mally closed type electromagnetic valve and the purge ?oW 
rate of fuel vapor from the canister 13 to the engine intake 
system is controlled by controlling electricity conduction 
thereto by a duty control. 

Further, the fuel tank 11 is provided With a pressure sensor 
17 for detecting pressure thereof (pressure detecting means). 
When the fuel vapor purge system from inside of the fuel 
tank 11 to the purge valve 16 is hermetically closed, the 
pressure of the fuel tank 11 coincides With pressure of other 
portion of the fuel vapor purge system and therefore, by 
detecting the pres sure of the fuel tank 11 (hereinafter, simply 
referred to as pressure) by the pressure sensor 17, pressure of 
the fuel vapor purge system can be detected. 

The fuel tank 11 is provided With a fuel level sensor 18 for 
detecting a remaining amount of fuel and a fuel temperature 
sensor 26 for detecting fuel temperature. Other than these, 
there are provided various kinds of sensors of a Water tem 
perature sensor 19 for detecting engine cooling Water tem 
perature TW, an intake temperature sensor 20 for detecting 
intake temperature TI and the like. 

Outputs of the various sensors are inputted to a control 
circuit 21. A poWer terminal of the control circuit 21 is sup 
plied With a poWer voltage from a vehicle-mounted battery 
via a main relay 22. Other than the control circuit, the canis 
ter valve 14, the purge valve 16, the pressure sensor 17 and 
the fuel level sensor 18, are supplied With poWer voltage via 
the main relay 22. A relay drive coil 22b for driving a relay 
contact 22a of the main relay 22 is connected to a main relay 
control terminal of the control circuit 21, by conducting 
electricity to the relay drive coil 22b, the relay contact 22a is 
made ON and poWer voltage is supplied to the control circuit 
21, the canister valve 14, the purge valve 16, the pressure 
sensor 17 and the fuel level sensor 18. Further, by making 
electricity conduction to the relay drive coil 22b OFF, the 
relay contact 22a is made OFF and poWer supplied to the 
control circuit 21 and the like is made OFF. A key SW termi 
nal of the control circuit 21 is inputted With ON/OFF signal 
of an ignition sWitch (hereinafter, ‘IG sWitch’) 23. Further, 
the control circuit 21 is built With a backup poWer 24 and a 
soak timer 25 for operating to count time With the backup 
poWer 24 as poWer. The soak timer 25 starts operating to 
count time after stopping the engine (after OFF of IS sWitch 
23) and measures elapse time after stopping the engine. 

Next, an explanation Will be given of a constitution of the 
canister valve 14 of the poWer saving type in reference to 
FIG. 2 and FIG. 3. 

A loWer portion of a housing 29 of the canister valve 14, is 
provided With a canister port 30 connected to a side of the 
canister 13 and an atmosphere port 31 connected to a side of 
atmospheric pressure (air ?lter or the like). A path connect 
ing the atmosphere port 31 and the canister port 30 is an 
atmosphere communicating path. An upper side of the canis 
ter port 30 is provided With a valve member 32 in a shape of 
a circular plate to move up and doWn by guiding an outer 
peripheral portion thereof by a plurality of pieces of guide 
pins 33 and the valve member 32 opens and closes a valve 
seat 34 formed at a peripheral edge portion of an opening of 
the canister port 30. The valve member 32 is formed by 
molding a ?rst magnet 35 in a shape of a circular plate by 
resin and is urged in a valve opening direction (upper 
direction) by a ?rst spring 36. A loWer face of the valve 
member 32 is mounted With a rubber sheet 37 for promoting 
adherence to the valve seat 34 When the valve is closed. 

MeanWhile, a solenoid coil 39 Wound around a spool 38 
made of resin, is contained at an upper portion of the housing 
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6 
29 and a stator core 40 is ?tted to an inner diameter portion 
of an upper side of the spool 38. MeanWhile, a moving core 
41 in a shape of a circular cylinder is ?tted to an inner diam 
eter portion of a loWer side of the spool 38 movably in an up 
and doWn direction. The moving core 41 is formed by mold 
ing a second magnet 42 by resin. A second spring 43 is 
interposed betWeen the moving core 41 and the stator core 
40 and the moving core 41 is urged doWnWardly by the 
second spring 43. 
A peripheral edge portion of an inner side of a diaphragm 

45 formed by an elastic member of rubber or the like, is 
?tted to a ?ange portion 44 provided at an outer periphery of 
a loWer end portion of the moving core 41. A peripheral edge 
portion of an outer side of the diagram 45 is ?xed to an inner 
peripheral portion of the housing 29. A ?rst pressure cham 
ber 46 on a loWer side and a second pressure chamber 47 on 
an upper side are formed by partitioning a space in the hous 
ing 29 to upper and loWer sides by the diagram 45. The 
canister port 30 and the atmosphere port 31 are communi 
cated via the ?rst pres sure chamber 46 When the valve mem 
ber 32 is opened. Further, the canister port 30 is communi 
cated With the second pressure chamber 47 via a pressure 
introducing path 48. 

Meanwhile, an upper portion of the housing 29 is pro 
vided With a connector 49 for conducting electricity to the 
solenoid coil 39. Further, there are provided a yoke 50 and a 
magnetic plate 51 constituting a magnetic circuit to surround 
the solenoid coil 39 and a direction of driving (upper 
direction/loWer direction) of the moving core 41 can be 
sWitched by sWitching a direction of force (suction force/ 
repulsion force) operated betWeen the second magnet 42 of 
the moving core 41 and the stator core 40 by sWitching an 
electricity conducting direction of the solenoid coil 39. 
An upper limit position of the moving core 41 is restricted 

by bringing the ?ange portion 44 of the moving core 41 into 
the contact With a stopper portion 52 to thereby prevent the 
moving core 41 from colliding With the stator core 40 When 
the moving core 41 is driven upWardly. Further, the ?rst 
magnet 35 of the valve member 32 and the second magnet 42 
of the moving core 41 are arranged such that same poles 
thereof (N poles in FIG. 1 and FIG. 2) are opposed to each 
other and repulsion force is operated betWeen the tWo mag 
nets 35 and 42. 

As shoWn by FIG. 4A, in an initial state, the moving core 
41 is held at an upper position by magnetic suction force 
operated betWeen the second magnet 42 and the stator core 
40 and the valve member 32 is held at an upper position by 
spring force of the ?rst spring 36 and is maintained in a valve 
opening state. 
As shoWn by FIG. 4B, When electricity is conducted to the 

solenoid coil 39 and magnetic repulsion force is operated 
betWeen the second magnet 42 of the moving core 41 and the 
stator core 40, the moving core 41 (second magnet 42) is 
moved doWnWard and the valve member 32 (?rst magnet 35) 
moves doWnWard by magnetic repulsion force operate 
betWeen the tWo magnets 35 and 42 to closed valve. When 
electricity conduction of the solenoid coil 39 is continued, 
regardless of Whether inside of the fuel vapor purge system 
is under positive pressure or negative pressure (Whether side 
of canister port 30 is under positive pressure or negative 
pressure), the valve member 32 can be maintained in the 
valve closing state. 
When inside of the fuel vapor purge system becomes 

loWer than the atmospheric pressure to constitute negative 
pressure under the state, the side of the canister port 30 is 
under negative pressure, hoWever, the side of the ?rst pres 


















