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(57) ABSTRACT 
An apparatus for detecting a concentration of a vapor fuel in 
a lean-burn internal combustion engine includes a module 
for performing purge concentration learning When in a 
lean-burn Where an air/fuel ratio sensor does not sufficiently 
Work. When detecting the concentration of the vapor fuel 
during a lean-burn operation of the internal combustion 
engine, the internal combustion engine is switched over to a 
homogeneous combustion operation from a lean-burn opera 
tion, and the concentration of the vapor fuel is detected 
under the homogeneous combustion operation. Alterna 
tively, the combustion is switched over to the homogeneous 
combustion When in a rich spike and When ensuring a brake 
negative pressure, and hence the concentration of the vapor 
fuel is detected by utilizing this timing. The thus detected 
and learned concentration of the vapor fuel is utilized for the 
purge control When in the lean-burn. 

29 38 PURGE CONTROL VALVE 

2| 
ENGINE 
COMPUTER 

INJ 
DRIVING 
CIRCUIT 

ELERATOR 

BRAKE 

22 

2 HIGH-PRESSURE 
INJECTION VALVE 



Patent Application Publication Aug. 9, 2001 Sheet 1 0f 16 US 2001/0011540 A1 

535, zozuwwzH m_ *1 
mzawmmmmlzog N_ 

mm 

wvgdm mOk/wmmqmu 

hm 

m 

PHDUmHU UZH>HmO 62H 

mm mmPAHm 

mm 

mmPDmEOU MZHOZM 
M55; qogzou M653 mm mm 

P .UE 



Patent Application Publication Aug. 9, 2001 Sheet 2 0f 16 US 2001/0011540 A1 

FIG. 2 

AIR 
INTAKE 

37 

CLK 

H 
0M I04 _ 21 

RAM {05 

REM ‘06 

36 35c 

35d 

35 



Patent Application Publication Aug. 9, 2001 Sheet 3 0f 16 US 2001/0011540 A1 

FIG. 3 

HOMOGENEOUS 
coMBUsTIoNf 

_ /SEMI¢ STRATIE‘IEE) / 
/ LEAN-BURNY 

(STRATIFZZD CHARGE 
COMBUSTION) 

AIR/E‘UBL RATIO = 2 5 ‘ 5 0 

i 1 E 1 

ENG INF. S 

TORQUE ( N m) 

I | 

t‘ ‘4* 
_” 

2 $3 :1 'U 2 '< 
m 

‘u m m u H 



Patent Application Publication Aug. 9, 2001 

H6. 4 

Sheet 4 0f 16 US 2001/0011540 A1 

ACCP 
o 0 0 0 ' ' ' 

0 0 6 ' ' ' ' 

. Q . . . . . 

o o a 0 c o a 

Q o 0 0 9 ' . 

QALL 

2 HI 



Patent Application Publication Aug. 9, 2001 

FIG. 5 

Sheet 5 0f 16 US 2001/0011540 A1 

. . Q B . O O 

O Q 0 Q 0 . I 

o o o 0 I o 0 

TAUB 
o o o l . o n 

a 0 Q 0 0 O 0 

U a 0 n 0 o I 



Patent Application Publication Aug. 9, 2001 Sheet 6 0f 16 US 2001/0011540 A1 

FIG. 6 

LEAN l 

RICH 

0.8 



Patent Application Publication Aug. 9, 2001 Sheet 7 0f 16 US 2001/0011540 A1 

FIG. 7 
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APPARATUS FOR DETECTING CONCENTRATION 
OF VAPOR FUEL IN LEAN-BURN INTERNAL 
COMBUSTION ENGINE, AND APPLIED 

APPARATUS THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a vapor fuel supply 
control apparatus in a lean-burn internal combustion engine, 
Which supplies an intake system With a vapor fuel produced 
in, e.g., a fuel tank etc in accordance With an operating state 
of the lean-burn internal combustion engine. 

[0003] 2. Related Background Art 

[0004] In an engine Which has hitherto generally been 
used, the fuel is injected out of a fuel injection valve to an 
intake port, and a combustion chamber is previously sup 
plied With a homogeneous air-fuel mixture of the fuel and 
the air. In the thus constructed engine, an intake passageWay 
is opened and closed by a throttle valve interlocking With an 
operation of an accelerator. 

[0005] A quantity of the intake air supplied to the com 
bustion chamber of the engine (Which is resultantly a 
quantity of a homogeneously mixed gas of the fuel and the 
air) is controlled by opening and closing the throttle valve, 
thereby controlling an output of the engine. 

[0006] According to the technology based on the so-called 
homogeneous combustion described above, a large intake 
negative pressure is produced With a throttle operation of the 
throttle valve, and a pumping loss becomes large, resulting 
in a decline of efficiency. By contrast, a technology knoWn 
as a so-called strati?ed charge combustion , Wherein the 
throttle valve is throttled small, the fuel is supplied directly 
to the combustion chamber, a combustible air-fuel mixture 
is thereby made to exist in the vicinity of a spark plug, and 
an igniting property is enhanced by increasing an air/fuel 
ratio of the portion concerned. According to this technology, 
When in a loW-load state of the engine, the fuel injected is 
supplied in dispersion around the spark plug, and the strati 
?ed charge combustion is executed With the throttle valve 
substantially fully opened. The pumping loss is thus 
reduced, and a fuel consumption is enhanced. 

[0007] The internal combustion engine capable of per 
forming the above-described strati?ed charge combustion 
sequentially assumes, for example, When changed from the 
loW-load to a high-load, combustion states such as the 
strati?ed charge combustion, a semi-strati?ed charge com 
bustion, a homogeneous lean-burn and a homogeneous 
combustion. 

[0008] The strati?ed charge combustion is, as explained 
before, that the air/fuel mixture exhibiting a loW air/fuel 
ratio is made to exist in the vicinity of the spark plug, and 
is strati?ed betWeen this mixture and a gas at another 
portion. 

[0009] The semi-strati?ed charge combustion has a 
smaller degree of its being strati?ed than the strati?ed charge 
combustion. 

[0010] The homogeneous lean-burn has a homogeneousity 
of the fuel and the air but is small in terms of a ratio of the 
fuel. 
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[0011] The homogeneous combustion has a homogeneous 
mixture of the fuel and the air and a high ratio of the fuel. 

[0012] Further, there might be a case Where a sWirl is 
formed in the air/fuel mixture of the injected fuel When the 
above-described strati?ed charge combustion is conducted, 
and When the lean-burn is effected. That is, an intake port is 
provided With a sWirl control valve (SCV), and an aperture 
of this valve SCV is controlled, thereby controlling an 
intensity of the sWirl. As a result, the combustibility is 
enhanced With a small amount of the fuel supplied. 

[0013] Incidentally, there is knoWn an apparatus for con 
trolling a supply of a vapor fuel in a lean-burn internal 
combustion engine (Japanese Patent Application Laid-Open 
Publication No.4-194354) constructed such that the vapor 
fuel (vapor) from the fuel tank etc is temporarily accumu 
lated in a canister, and the vapor fuel accumulated is 
supplied to an intake system in accordance With an operating 
state of the internal combustion engine. 

[0014] According to this technology, a purge control valve 
is provided Within a vapor fuel oriented purge passageWay 
through Which the canister for adsorbing the vapor fuel is 
connected to an intake passageWay. Then, the purge control 
valve is controlled so as to obtain a proper fuel purge 
quantity (a quantity of the vapor fuel introduced into the 
intake passageWay, Which is hereinafter simply referred to as 
a purge quantity) (e. g., so as to supply the vapor fuel if a load 
of the engine is large) in accordance With the operating state 
of the engine. 

[0015] On the other hand, there exists an internal com 
bustion engine in Which the air/fuel ratio is detected by use 
of an air/fuel ratio provided in an exhaust passageWay of the 
internal combustion engine, and feedback control is 
executed to make the air/fuel ratio of the engine coincident 
With a theoretical air/fuel ratio. In this internal combustion 
engine, air/fuel ratio learning and vapor fuel concentration 
learning are implemented for restraining an error in the 
air/fuel ratio due to deteriorations of the fuel injection valve 
and of the air/fuel ratio sensor With a passage of time, and 
also ?uctuations in the air/fuel ratio Which occur due to the 
error in the air/fuel ratio With a change in the concentration 
of the vapor fuel. For instance, Japanese Patent Application 
Laid-Open No. 8-177572 discloses a contrivance that an 
air/fuel ratio correction quantity of the feedback control 
When the above tWo learning processes are not completed, is 
set larger than When these learning processes are completed. 

[0016] In the conventional internal combustion engine, the 
air/fuel ratio sensor such as an oxygen sensor is disposed 
normally in the exhaust passageWay, and an actual air/fuel 
ratio is detected based on an output signal of this sensor. 
Then, the fuel injection quantity etc is feedback-controlled 
so that the air/fuel ratio of the air/fuel mixture becomes a 
target air/fuel ratio specially calculated. At this time, even 
When the air/fuel ratio becomes rich With an execution of 
purging the vapor fuel, the feedback control is performed so 
that the air-fuel mixture comes to have the target air/fuel 
ratio. The oxygen sensor described above, hoWever, makes 
such a detection that the target air/fuel ratio is in the 
vicinity of, e.g., a theoretical air/fuel ratio (A/F=14.5). In the 
case of the lean-burn Where the air/fuel ratio is larger than 
this theoretical air/fuel ratio, it is impossible to highly 
accurately detect a change in the air/fuel ratio due to the 
purging. Besides, it is impossible to precisely calculate an 
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index (e.g., a concentration of the vapor fuel) for controlling 
the purge quantity of the vapor fuel Which has hitherto been 
calculated from the output of the air/fuel ratio sensor in the 
prior art. 

[0017] The reason for this is that since the accuracy of the 
air/fuel ratio sensor is not high in the lean-burn state, it is 
dif?cult to control the concentration learning in accordance 
With the air/fuel ratio in the lean-burn state, and it is 
impossible to obtain the purge quantity. As a result, espe 
cially during the operation, a concentration of the purging 
might change due to a purge-cut and a high-load operation. 
Hence, if the purging is executed in a state Where the purge 
quantity (concentration) is unobvious, the combustible air 
fuel mixture in the vicinity of the spark plug becornes 
excessively rich during, e.g., a strati?ed charge cornbustion 
operation, and there might be a possibility in Which an 
rnis?re occurs, and the combustion becomes unstable. 

SUMMARY OF THE INVENTION 

[0018] It is a primary object of the present invention to 
provide an apparatus for detecting a concentration of vapor 
fuel in a lean-burn internal combustion engine, Which is 
capable of surely detecting a concentration of a vapor fuel. 

[0019] It is another object of the present invention to 
provide an apparatus for controlling a supply of a vapor fuel 
in a lean-burn internal combustion engine, Which is capable 
of restricting a rich rnis?re etc Without deteriorating a 
calculation of a supply quantity of the vapor fuel by utiliZing 
the vapor fuel concentration detecting apparatus. 

[0020] To accomplish the objects given above, according 
to a ?rst aspect of the invention, in an internal combustion 
engine comprising a purge passageWay for purging, into an 
intake system, a vapor fuel generated from fuel storing 
module for storing the fuel of the internal combustion 
engine, a purge control module for controlling a quantity of 
the vapor fuel introduced into the intake system from the 
purge passageWay in accordance With an operating state of 
the internal combustion engine, and a combustion control 
module for sWitching over a homogeneous cornbustion 
operation and a lean-burn operation in accordance With the 
operating state of the internal combustion engine, an appa 
ratus for detecting a concentration of a vapor fuel in a 
lean-burn internal combustion engine, comprises a module 
for sWitching over, When detecting the concentration of the 
vapor fuel during the lean-burn operation of the internal 
combustion engine, to the homogeneous cornbustion opera 
tion from the lean-burn operation, and detecting the con 
centration of the vapor fuel under the homogeneous corn 
bustion operation. 

[0021] According to a second aspect of the invention, in an 
internal combustion engine comprising, a purge passageWay 
for purging, into an intake system, a vapor fuel generated 
from fuel storing module for storing the fuel of the internal 
combustion engine, a purge control module for controlling a 
quantity of the vapor fuel introduced into the intake system 
from the purge passageWay in accordance With an operating 
state of the internal combustion engine, and a combustion 
control module for sWitching over a homogeneous cornbus 
tion operation and a lean-burn operation in accordance With 
the operating state of the internal combustion engine, an 
apparatus for detecting a concentration of a vapor fuel in a 
lean-burn internal combustion engine, comprises a module 
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for detecting the concentration of the vapor fuel When the 
internal combustion engine is sWitched over to the homo 
geneous cornbustion operation from the lean-burn operation. 

[0022] According to a third aspect of the invention, as an 
applied apparatus of the detecting apparatus according to the 
?rst aspect, an apparatus for controlling a supply of a vapor 
fuel in a lean-burn internal combustion engine, comprises a 
purge passageWay for purging, into an intake system, a 
vapor fuel generated from fuel storing module for storing the 
fuel of the internal combustion engine, a purge control 
module for controlling a quantity of the vapor fuel intro 
duced into the intake system from the purge passageWay in 
accordance With an operating state of the internal cornbus 
tion engine, a concentration learning module for detecting 
the concentration of the vapor fuel purged by the purge 
control module into the intake system, and a combustion 
control module for sWitching over a homogeneous cornbus 
tion operation and a lean-burn operation in accordance With 
the operating state of the internal combustion engine. The 
concentration learning module includes a learning judging 
module for judging Whether or not the vapor fuel concen 
tration is required to be learned during the lean-burn opera 
tion of the internal combustion engine, and an operation 
sWitch-over module for sWitching over the internal cornbus 
tion engine from the lean-burn operation to the homoge 
neous cornbustion operation When the learning judging 
rnodule judges that the concentration learning is required, 
Wherein the concentration of the vapor fuel is learned under 
the homogeneous cornbustion operation. 

[0023] The case Where it is required that the concentration 
of the vapor fuel be learned by the concentration learning 
module, may be a case in Which the concentration learning 
is required in order for the purge control module to deter 
mine a control quantity When controlling the quantity of the 
vapor fuel. The control of the vapor fuel quantity is needed 
for determining a ?nal fuel injection quantity and controlling 
the air/fuel ratio. 

[0024] Herein, the vapor fuel supply controlling apparatus 
further comprises a target air/fuel ratio control module for 
controlling the operation so that an air/fuel ratio becomes a 
target air/fuel ratio When in the homogeneous cornbustion. 
The concentration learning module may execute the learning 
of the concentration of the vapor fuel under a target air/fuel 
ratio control operation. 

[0025] Further, the learning judging module may predict a 
change of a state of the vapor fuel, and judge from the 
predicted change thereof Whether a necessity for the learning 
arises or not. 

[0026] The change in the state of the vapor fuel irnplies 
changes in the quantity and the concentration of the vapor 
fuel. These changes are predicted based on an internal fuel 
tank pressure, a temperature of a fuel tank, a purge-cut or 
non-purge-cut and a load of the engine (an operating state). 
If the intra fuel tank pressure and the temperature of the fuel 
tank are high, it is predicted that the concentration of the 
vapor fuel is rich. In the case of the purge-cut being effected, 
it is predicted that the vapor fuel is accumulated in the purge 
passageWay during the purge-cut, and hence the concentra 
tion of the vapor fuel is rich. Further, if the engine load is 
high, the tank temperature rises. Therefore, When the engine 
load is high, it is predicted that the vapor fuel has a high 
concentration. 
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[0027] According to a fourth aspect of the invention, as an 
applied apparatus of the apparatus according to the second 
aspect, an apparatus for controlling a supply of a vapor fuel 
in a lean-burn internal combustion engine, comprises a 
purge passageWay for purging, into an intake system, a 
vapor fuel generated from fuel storing module for storing the 
fuel of the internal combustion engine, a purge control 
module for controlling a quantity of the vapor fuel intro 
duced into the intake system from the purge passageWay in 
accordance With an operating state of the internal combus 
tion engine, a concentration learning module for detecting 
the concentration of the vapor fuel purged by the purge 
control module into the intake system, and a combustion 
control module for sWitching over a homogeneous combus 
tion operation and a lean-burn operation in accordance With 
the operating state of the internal combustion engine. The 
concentration learning module, When sWitched over to the 
homogeneous combustion operation from the lean-burn 
operation in accordance With the operating state, performs 
the learning of the concentration of the vapor fuel under the 
homogeneous combustion operation. 

[0028] The vapor fuel supply controlling apparatus may 
further comprise a target air/fuel ratio control module for 
controlling the operation so that an air/fuel ratio becomes a 
target air/fuel ratio When in the homogeneous combustion. 
The concentration learning module may execute the learning 
of the concentration of the vapor fuel under a target air/fuel 
ratio control operation. 

[0029] Herein, When sWitched over to the homogeneous 
combustion operation from a state of the lean-burn operation 
depending on some sort of operating condition, particularly 
When sWitched over to the target air/fuel ratio control 
operation based on the air/fuel ratio sensor, the concentra 
tion of the vapor fuel is detected and learned. In other Words, 
it never happens that the concentration of the vapor fuel is 
detected during the lean-burn, there must be no possibility in 
Which an incorrect value of the concentration is learned. 

[0030] In the vapor fuel supply controlling apparatus 
according to the third and fourth aspect of the invention, the 
combustion control module may change a state of the fuel 
injection in accordance With the concentration of the vapor 
fuel. Herein, the state of the injection embraces an injection 
quantity, an injection timing and an injecting direction of the 
injection valve. 

[0031] These together With other objects and advantages 
Which Will be subsequently apparent, reside in the details of 
construction and operation as more fully hereinafter 
described and claimed, reference being had to the accom 
panying draWings forming a part hereof, Wherein like 
numerals refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Other objects and advantages of the present inven 
tion Will become apparent during the folloWing discussion in 
conjunction With the accompanying draWings, in Which: 

[0033] FIG. 1 is a conceptual diagram shoWing a basic 
construction of a direct injection type lean-burn internal 
combustion engine according to the present invention; 

[0034] FIG. 2 is a second conceptual diagram shoWing a 
basic construction of the internal combustion engine accord 
ing to the present invention; 
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[0035] FIG. 3 is a diagram shoWing a relationship 
betWeen a engine speed, a torque and a combustion method; 

[0036] FIG. 4 is a diagram shoWing a map for setting a 
basic combustion injection quantity QALL in a T-] system; 

[0037] FIG. 5 is a diagram shoWing a map for setting a 
basic combustion injection quantity TAUB in a D-J system; 

[0038] FIG. 6 is a graphic chart shoWing a relationship 
betWeen an FAF signal and a detected value by a oxygen 
sensor under air/fuel ratio feedback control; 

[0039] FIG. 7 is a ?oWchart shoWing air/fuel ratio control 
including vapor concentration learning control; 

[0040] FIG. 8 is a ?oWchart shoWing the air/fuel ratio 
feedback control; 

[0041] FIG. 9 is a ?oWchart shoWing air/fuel ratio learn 
ing control; 
[0042] FIG. 10 is a diagram shoWing divided air/fuel ratio 
learning regions tj; 
[0043] FIG. 11 is a ?oWchart shoWing the air/fuel ratio 
learning control; 

[0044] 
[0045] FIG. 13(a) is a graphic chart shoWing a purge ?oW 
rate characteristic With respect to an intake manifold nega 
tive pressure; FIG. 13(b) is a graphic chart shoWing a 
relationship of a maximum target purge rate to a purge 
execution time; 

[0046] FIG. 14 is a ?oWchart shoWing a vapor fuel 
correction routine When in a T-] lean burn; 

FIG. 12 is a ?oWchart shoWing purge control; 

[0047] FIG. 15 is a ?oWchart shoWing a sWitching opera 
tion for learning the concentration When in the lean-burn 
according to the present invention; and 

[0048] FIG. 16 is a ?oWchart shoWing the sWitching 
operation in greater details in FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] Embodiments of the present invention Will herein 
after be described in details With reference to the accompa 
nying draWings. 
[0050] <First Embodiment> 

[0051] <Outline of Construction of System> 

[0052] FIG. 1 is a vieW shoWing an outline of a direct 
injection internal combustion engine according to the 
present invention. Referring to FIG. 1, an internal combus 
tion engine 1 includes a piston 3 provided Within a cylinder 
2, an a cylinder head 4 Which closes an edge surface of the 
cylinder 2 is provided With tWo intake ports 5 and tWo 
exhaust ports 6. The ?rst intake port 5 is, though not clearly 
illustrated in FIG. 1, classi?ed as a helical intake port, and 
the second intake port 5 is classi?ed as a straight port 
extending substantially straight. An intake pipe extending to 
the helical intake port is provided With a sWirl control valve 
7. Further, each exhaust port, to Which an exhaust manifold 
9 is connected, is provided With an exhaust valve 8. Further, 
a spark plug 10 is disposed at the center of an inner Wall 
surface of the cylinder head 4. Moreover, each intake port 5 
is provided With ?rst and second intake valves 11, and a fuel 


























