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FIG.8 

STRATIFIED CHARGE COMBUSTION MODE 
FUEL INJECTION CONTROL 

801 

803w READ NE, KL 
I 

CALCULATE CORRECTED 
OUTPUT RATIO A 

I 
CALCULATE VAPOR CONCENTRATION 

8070 gCOFIiESPONDING VALUE 8 
I 

CALCULATE BASE FUEL INJECTION 
ENDING TIMING INJTF FROM NE, KL 

I 

CALCULATE BASE AMOUNT TAU OF FULE 
INJECTION FROM NE, KL 

I 
CALCULATE sUBTRACTIvE INJECTION 

81 3\/\ DURATION TAUB 
TAUB<—TAU X B 

CALCULATE INJECTION TIMING 
CORRECTION FACTOR KINJTZ FROM NE, KL 

I 

CALCULATE TIME-ANGLE CONVERSION 
FACTOR C 

I 
CALCULATE AMOUNT OF ADVANCEMENT 

8T 9\/\ 3 OF END OF FUEL INJECTION 
B =(TAUB >< KINJT2)/C 

l 

8090 

l 
CALCULATE FUEL INJECTION ENDING 

823\/\ TIMING INJTZ 
INJT2<-INJT+B l 

@ 



Patent Application Publication Mar. 14, 2002 Sheet 8 0f 11 

FIG.9 

US 2002/0029768 A1 

(STRATIFIED CHARGE COMBUSTION MODE 
FUEL INJECTION CONTROL 

901 

903w READ NE, KL 
I 

CALCULATE CORRECTED 
OUTPUT RATIO A 

I 
CALCULATE VAPOR CONCENTRATION 

907\/\ —CORRESPONDING vALUE B 

9050 

B(-—1—A 
I 

CALCULATE BASE FUEL INJECTION 
9090 ENDING TIMINC INJTF FROM NE, KL 

l 

91 1 CALCULATE BASE AMOUNT TAU OF FULE 
INJECTION FROM NE, KL 

I 
CALCULATE SUBTRACTIVE INJECTION 

91 3\/\ DURATION TAUB 
TAUB<~—TAU X B 

CALCULATE INJECTION TIMING 
91 50 CORRECTION FACTOR KINJT2 FROM NE, KL 

I 
CALCULATE TIME-ANGLE CONVERSION 

91 7” FACTOR C 
I 

CALCULATE AMOUNT OF ADVANCEMENT 
91 9\_/\ 3 OF END OF FUEL INJECTION 

B =<TAUB >< KINJT2)/C 
I 

9 21 TAU2<-—TAU 
I 

CALCULATE FUEL INJECTION ENDING 
9230 TIMING INJT2 

INJT2<—INJT+B 



Patent Application Publication Mar. 14, 2002 Sheet 9 0f 11 US 2002/0029768 A1 

FIG. 10 
WEAK STRATIFIED CHARGE 
COMBUSTION MODE FUEL 
INJECTION CONTROL 

1001 
11021 

CALCULATE AMOUNT 
OF ADVANCEMENT B 1 
OF ENDING TIMING OF 

WEAK 
STRATIFIED 

CO‘IIBIE‘TON ‘AJEAIRIRIR 
MODE 8 1<~ITAUBI x KINJT1F)/C 

I1 023 
1003» READ NE, KL l TAU1(—TAU x (E—B) 

CALCULATE INTAKE 

"IL RIRIOREIDING 
1005 ‘éékg‘ééLEEPTAKE TIMING INJTF1 

INJECTION RATE E U INJTHHNJTIF-BI 
I \ A @ 

1007 CALCULATE FIG H \ CORRECTED ( . ) 
OUTPUT RATIO A F1612 

' ( RETURN ) 
1 009 B<—1-A 

1 O1 1 NO FIG.11 TTT® (FIGJZ) 
YES 

CALCULATE BASE 
1 01 3 ENDING TIMING INJTF 

OF INTAKE STROKE 

FUEL INJECTION 
101 5 TAUB1<—TAU x B 

l 
CALCULATE INTAKE 

1 017 STROKE INJECTION 
TIMING CORRECTION 
FACTOR KINJT1 F 

I 
CALCULATE TIME 

1 O1 9 —ANGLE CONVERSION 
FACTOR C 

I 

I 



Patent Application Publication Mar. 14, 2002 Sheet 10 0f 11 US 2002/0029768 A1 

(FIG.10)® 
1 027 

TAUI<-—0 /\/ 

CALCULATE BASE ENDING TIMING INJT2F OF M1029 
COMPRESSION STROKE FUEL INJECTION 

CALCULATE SUBTRACTIVE TIME TAUB2 M1 031 
TAUB2<—TAU x (B-E) 

CALCULATE COMPRESSION STROKE FUEL 1033 
INJECTION TIMING CORRECTION /\/ 
FACTOR KINJT2F FROM NE, KL 

CALCULATE TIME-ANGLE /L_/1 035 
CONVERSION FACTOR C 

CALCULATE AMOUNT OF ADVANCEMENT 1 O 7 
B 2 OF ENDING TIMING OF /\/ 3 

COMPRESSION STROKE FUEL INJECTION 
B 2+—(TAUB2 x KINJT2F)/C 

TAU2<—TAU x <<1-I=.>-<B-E>> M1 039 

CALCULATE COMPRESSION STROKE FUEL M1041 
INJECTION ENDING TIMING INJTF 

INJTF2<-—INJTF2+ B 2 

(FIG.10)® 



Patent Application Publication Mar. 14, 2002 Sheet 11 0f 11 US 2002/0029768 A1 

FIG. 12 

(FIG.10) A 

TAUI<-TAU x F #1201 

CALCULATE INTAKE STROKE N1 203 
INJECTION ENDING TIMING INJTFI 

CALCULATE BASE ENDING TIMING INJT2F OF #1205 
COMPRESSION STROKE FUEL INJECTION 

CALCULATE SUBTRACTIVE TIME TAUB2 N1 207 
TAUB2<—TAU x (B—E—F) 

CALCULATE COMPRESSION STROKE FUEL 1 INJECTION TIMING CORRECTION /_“'/ 

FACTOR KINJTZF FROM NE, KL 

CALCULATE TIME-ANGLE N1 21 1 
CONVERSION FACTCR C 

CALCULATE AMOUNT OF ADVANCEMENT 
B 2 OF ENDING TIMING CF ,\/1 21 3 

COMPRESSION STROKE FUEL INJECTION 
B 2<—(TAUB2 >< KINJT2F)/C 

CALCULATE COMPRESSION STROKE FUEL 1 21 7 
INJECTICN ENDING TIMING INJTF2 /‘/ 

INJTF2(——INJTF+ B 2 

(FIGIO) @ 



US 2002/0029768 A1 

FUEL INJECTION CONTROL APPARATUS AND 
METHOD OF DIRECT FUEL INJECTION-TYPE 

SPARK IGNITION ENGINE 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 
2000-278681 ?led on Sep. 8, 2000 including the speci?ca 
tion, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to an apparatus and a method 
for controlling fuel injection in an internal combustion 
engine and, more particularly, to a fuel injection control 
apparatus and a fuel injection control method for an engine 
having a direct fuel injection valve for injecting fuel directly 
into a cylinder. 

[0004] 2. Description of the Related Art 

[0005] A Widely knoWn evaporated fuel purge apparatus 
prevents release of evaporated fuel (fuel vapor) from a fuel 
tank into the atmosphere by temporarily adsorbing fuel 
vapor from the tank to a canister containing activated carbon 
or the like and supplying (purging) fuel vapor adsorbed to 
the activate carbon into an engine intake passage during 
operation of the engine so that the fuel vapor burns in the 
engine. 

[0006] When the purging of fuel vapor is performed, an 
excess amount of fuel corresponding to the amount of fuel 
vapor is supplied into the engine together With intake air. 
Therefore, if the amount of fuel injected into the engine 
When the purging is not performed is maintained When the 
purging is performed, the engine air-fuel ratio changes 
(decreases), so that the state of combustion in the engine 
may deteriorate in some cases. Therefore, according to the 
conventional art, When a purge is executed, the amount of 
fuel injected into the engine is corrected by subtracting an 
amount corresponding to the amount of fuel vapor supplied 
to the engine from the amount supplied When a purge is not 
executed. 

[0007] An example of an engine in Which the aforemen 
tioned type of reducing correction is performed is described 
in, for example, Japanese Patent Application Laid-Open No. 
2000-27716. The engine described in this laid-open patent 
application is designed as a spark-ignition engine equipped 
With direct fuel injection valves for injecting fuel directly 
into the cylinders Wherein, during the compression stroke of 
each cylinder, fuel injection is performed so that a mixture 
gas layer of a combustible air-fuel ratio is formed only in the 
vicinity of an ignition plug Within the air compressed in the 
cylinder and containing no fuel. 

[0008] According to the conventional art, the engine 
capable of performing the strati?ed charge combustion has 
a problem that the aforementioned purge cannot be per 
formed during the strati?ed charge combustion mode. If a 
purge Were performed to supply air containing fuel vapor 
into each cylinder during the strati?ed charge combustion 
mode and fuel Were injected from the fuel injection valve 
into the fuel vapor-containing air in each cylinder during the 
compression stroke, the air-fuel ratio of a combustible 
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mixture gas layer formed by the fuel injection Would have a 
dropped air-fuel ratio. Thus, the air-fuel ratio of the com 
bustible mixture gas layer Would excessively shift to the 
fuel-rich side, resulting in degraded combustion. This undes 
ired phenomenon is generally termed disturbed strati?ed 
charge combustion. 

[0009] The aforementioned engine described in Japanese 
Patent Application Laid-Open No. 2000-27716 is designed 
so as to mitigate the problem of disturbed strati?ed charge 
combustion by forming sWirls in each cylinder during the 
intake stroke and supplying fuel vapor into each cylinder 
through the use of sWirls so that fuel vapor exists only in one 
of the air layer and the combustible mixture gas layer formed 
in each cylinder, and by correcting the amount of fuel 
injected in the reducing direction in accordance With the 
amount of fuel vapor. 

[0010] HoWever, despite the design for the localiZation of 
fuel vapor in each cylinder and the correction of reducing the 
amount of fuel injection in accordance With the amount of 
fuel vapor, the engine of the Japanese Patent Application 
Laid-Open No. 2000-27716 has a problem of being inca 
pable of completely preventing disturbed strati?ed charge 
combustion. 

[0011] For example, in direct fuel injection type engines, 
the timing of fuel injection (i.e., the fuel injection starting 
timing and the fuel injection ending timing) greatly affects 
the state of formation of a mixture gas. Therefore, the fuel 
injection timing is set With high precision so as to provide an 
optimal mixture in accordance With the amount of fuel 
injection, the engine revolution speed, the load, etc. Hence, 
if the amount of fuel injection changes, the optimal fuel 
injection timing changes even though the other states of 
engine operation, for example, the engine revolution speed, 
the load etc., remain unchanged. Normally, the amount of 
fuel injection is changed by changing the open valve dura 
tion of the fuel injection valves (injection duration). There 
fore, in the engine of the aforementioned patent application 
as Well, the fuel injection timing is changed in response to 
a change in the amount of fuel injection. HoWever, normally, 
the fuel injection duration is controlled so that the fuel 
injection duration is changed by changing one of the valve 
opening timing of the fuel injection valves (fuel injection 
starting timing) and the valve closing timing of the fuel 
injection valves (fuel injection ending timing) While ?xing 
the other timing. Therefore, in the aforementioned apparatus 
described in Japanese Patent Application Laid-Open No. 
2000-27716, the fuel injection starting timing or the fuel 
injection ending timing is ?xed even When the amount of 
fuel injection is reduced for correction. Thus, there is a 
problem of being incapable of performing fuel injection that 
is optimal in vieW of the amount of fuel injection, the engine 
operation state, etc. 

[0012] Although the above-described problem is related to 
the strati?ed charge combustion, similar problems also 
occur in conjunction With an engine operation in Which fuel 
is injected into each cylinder during the intake stroke to form 
a homogeneous mixture gas in the cylinder (homogeneous 
mixture combustion), and an engine operation in Which fuel 
injection is performed in a divided manner during the intake 
stroke and during the compression stroke, and in Which fuel 
injected during the compression stroke is strati?ed in a 
homogeneous lean mixture formed by the fuel injected 
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during the intake stroke so that the fuel injected during the 
compression stroke forms a combustible mixture layer 
around a spark plug in each cylinder (Weak strati?ed charge 
combustion). That is, similar problems occur if only one of 
the fuel injection starting timing and the fuel injection 
ending timing is changed in accordance With a change in the 
amount of fuel injection. 

[0013] More speci?cally, in direct fuel injection type spark 
injection engines, the problem of failing to accomplish 
optimal combustion occurs during not only the strati?ed 
charge combustion operation but also the homogeneous 
mixture combustion operation and the Weak strati?ed charge 
combustion operation if only the amount of fuel injection is 
corrected at the time of execution of a purge. 

[0014] With regard to correction of the amount of fuel 
injection in accordance With the amount of fuel vapor as 
Well, it is a normal practice to, during the Weak strati?ed 
charge combustion operation, correct (i.e. reduce) the 
amount of fuel injected by the intake stroke fuel injection 
and the amount of fuel injected by the compression stroke 
fuel injection at equal rates in accordance With the amount 
of fuel vapor. HoWever, since the formation of a mixture of 
fuel injected during the intake stroke and the formation of a 
mixture of fuel injected during the compression stroke are 
completely different, optimal mixtures cannot be formed in 
each cylinder if the tWo amounts of fuel injection are merely 
reduced at equal rates at the time of execution of a purge. In 
some cases, therefore, combustion may deteriorate. 

SUMMARY OF THE INVENTION 

[0015] It is an object of the invention to provide fuel 
injection control apparatus and method capable of control 
ling fuel injection so as to achieve an optimal state of 
combustion in accordance With operation modes (e.g., 
homogeneous mixture combustion, Weak strati?ed charge 
combustion, strati?ed charge combustion, etc.) even if the 
purging is performed in a direct fuel injection type spark 
ignition engine. 
[0016] A ?rst form of the invention is a fuel injection 
control apparatus of a direct fuel injection type spark injec 
tion engine, including a fuel vapor purge device that supplies 
a fuel vapor from a fuel tank into an engine intake passage, 
fuel vapor detecting means for detecting an amount of the 
fuel vapor in an engine intake air, a direct fuel injection 
valve that injects fuel directly into a cylinder, and fuel 
injection control means for setting an amount of fuel injec 
tion from the direct fuel injection valve, a starting timing of 
the fuel injection and an ending timing of the fuel injection 
based on a state of operation of the engine. The fuel injection 
control apparatus further includes injection timing correct 
ing means for changing both the starting timing and the 
ending timing of the fuel injection from the direct fuel 
injection valve of each cylinder in accordance With the 
amount of the fuel vapor detected by the fuel vapor detecting 
means. 

[0017] According to the ?rst form of the invention, the 
fuel vapor detecting means for detecting the amount of fuel 
vapor in engine intake air, so that the amount of fuel vapor 
in intake air can be accurately detected. The injection timing 
correcting means corrects the fuel injection timing so that 
the state of combustion in each cylinder becomes optimal, in 
accordance With the amount of fuel vapor detected. For 
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example, if the amount of fuel injection (duration of fuel 
injection) is reduced for correction in accordance With the 
amount of fuel vapor, the conventional art adjusts the fuel 
injection duration by adjusting one of the fuel injection 
starting timing and the fuel injection ending timing While 
?xing the other timing. In this invention, hoWever, both the 
fuel injection starting timing and the fuel injection ending 
timing are changed so that fuel injection is performed at a 
timing optimal With respect to the stroke (the intake stroke 
or the compression stroke) during Which fuel injection is 
performed, the position of the piston, etc. More speci?cally, 
if the amount of fuel injection is to be reduced in accordance 
With the amount of fuel vapor, the fuel injection duration is 
shortened in the folloWing manner. That is, neither the fuel 
injection starting timing nor the fuel injection ending timing 
is ?xed, but both the timings are changed; for example, the 
fuel injection starting timing is retarded and, at the same 
time, the fuel injection ending timing is advanced. There 
fore, the state of formation of mixture in each cylinder at the 
time of ignition can be optimiZed, and therefore the com 
bustion in each cylinder can be optimiZed. Furthermore, the 
conventional art reduces the amount of fuel injection by the 
amount of fuel vapor so as to maintain a combustion air-fuel 
ratio regardless of the presence/absence of fuel vapor, so that 
the state of combustion in each cylinder becomes close to an 
optimal state. According to the invention, hoWever, a more 
appropriate state of combustion can be achieved since the 
fuel injection starting timing and the fuel injection ending 
timing are corrected in accordance With the amount of fuel 
vapor. Therefore, the reduction of the amount of fuel by the 
amount of fuel vapor is no longer essential, and the degree 
of freedom in the fuel injection control increases. 

[0018] In the ?rst form of the invention, the fuel injection 
control means may execute fuel injection in a homogeneous 
combustion mode of executing the fuel injection from the 
fuel injection valve during an intake stroke of each cylinder 
so as to form a homogeneous mixture in each cylinder. 

[0019] Furthermore, in the ?rst form of the invention, the 
fuel injection control means may execute fuel injection in a 
Weak strati?ed charge combustion mode of executing the 
fuel injection from the fuel injection valve during an intake 
stroke of each cylinder so as to form a homogeneous mixture 
in each cylinder, and may execute fuel injection during a 
compression stroke of each cylinder so as to form a mixture 
layer that has a loW air-fuel ratio in the homogeneous 
mixture. 

[0020] Still further, in the ?rst form of the invention, the 
fuel injection control means may execute fuel injection in a 
strati?ed charge combustion mode of executing fuel injec 
tion from the fuel injection valve during a compression 
stroke of each cylinder so as to form a combustible mixture 
layer in an air in the cylinder. 

[0021] Still further, in the ?rst form of the invention, in 
accordance With the state of operation of the engine, the fuel 
injection control means may perform fuel injection by 
selecting one of: a homogeneous combustion mode fuel 
injection in Which fuel injection from the fuel injection valve 
is performed during an intake stroke of each cylinder so as 
to form a homogeneous mixture in the cylinder; a Weak 
strati?ed charge combustion mode fuel injection in Which 
fuel injection from the fuel injection valve is performed 
during the intake stroke of each cylinder so as to form a 
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homogeneous mixture in the cylinder, and in Which fuel 
injection is performed during a compression stroke of each 
cylinder so as to form a mixture layer having a loW air-fuel 
ratio in the homogeneous mixture; and a strati?ed charge 
combustion mode fuel injection in Which fuel injection from 
the fuel injection valve is performed during the compression 
stroke of each cylinder so as to form a combustible mixture 
layer in an air of each cylinder. 

[0022] According to the above-described forms, the cor 
rection of the fuel injection timing in accordance With the 
amount of fuel vapor is applied to a case Where the homo 
geneous mixture combustion operation is performed, a case 
Where the Weak strati?ed charge combustion operation is 
performed, a case Where the strati?ed charge combustion is 
performed, or a case Where a suitable one of these operation 
modes is selected in accordance With the state of operation 
of the engine. That is, the fuel injection timing control is 
applied to any one of all the operation modes of the direct 
fuel injection type spark ignition engine. Therefore, it 
becomes possible to perform the purging of fuel vapor 
during any operation state of the direct fuel injection spark 
ignition engine. Hence, for example, even in a case Where a 
canister-type fuel vapor purge apparatus is used, saturation 
of the adsorbent (e.g., activated carbon) in the canister 
caused by adsorption of fuel vapor is prevented, and there 
fore release of fuel vapor into the atmosphere is prevented. 

[0023] A second form of the invention is a fuel injection 
control apparatus of a direct fuel injection type spark igni 
tion engine, including a fuel vapor purge device that supplies 
a fuel vapor from a fuel tank into an engine intake passage, 
fuel vapor detecting means for detecting an amount of the 
fuel vapor in an engine intake air, a direct fuel injection 
valve that injects fuel directly into a cylinder, and fuel 
injection amount setting means for setting an amount of fuel 
injection from the direct fuel injection valve based on a state 
of operation of the engine. The fuel injection control appa 
ratus further includes fuel injection control means for 
executing a fuel injection in Which the amount of fuel 
injection set by the fuel injection amount setting means is 
injected into each cylinder in a divided manner by an intake 
stroke fuel injection in Which fuel injection is performed 
during an intake stroke of each cylinder so as to form a 
homogeneous mixture in each cylinder, and a compression 
stroke fuel injection in Which fuel injection is performed 
during a compression stroke of each cylinder so as to form 
a mixture layer having a loW air-fuel ratio in the homoge 
neous mixture, and fuel injection amount correcting means 
for correcting an amount of fuel to be injected by the intake 
stroke fuel injection and an amount of fuel to be injected by 
the compression stroke fuel injection in accordance With the 
amount of the fuel vapor detected by the fuel vapor detecting 
means, so that an engine operation air-fuel ratio is main 
tained regardless of the amount of the fuel vapor, Wherein 
the fuel injection amount correcting means reduces only the 
amount of fuel to be injected by the intake stroke fuel 
injection if the amount of the fuel vapor detected by the fuel 
vapor detecting means is less than the amount of fuel to be 
injected by the intake stroke fuel injection. 

[0024] According to the second form of the invention, the 
fuel injection control means executes a generally-termed 
Weak strati?ed charge fuel injection in Which fuel injection 
is performed by dividing the entire amount of fuel injection 
for the intake stroke fuel injection and the compression 
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stroke fuel injection, so that a combustible mixture layer is 
formed by the compression stroke fuel injection Within the 
homogeneous mixture formed by the intake stroke fuel 
injection. Furthermore, the fuel injection amount correcting 
means corrects the amount of fuel injection by reducing the 
amount of fuel to be injected into each cylinder by an 
amount corresponding to the amount of fuel vapor present in 
engine intake air so that an engine operation air-fuel ratio is 
maintained regardless of the presence/absence of purged 
fuel vapor. 

[0025] When the Weak strati?ed charge combustion is 
performed, the aforementioned fuel injection amount cor 
rection is accomplished by reducing both the amount of 
intake stroke fuel injection and the amount of compression 
stroke fuel injection at equal rates so that the total of the 
reductions in the tWo amounts of fuel injection becomes 
equal to the amount of fuel vapor. More speci?cally, if the 
total amount of fuel injection is reduced by an amount (e.g., 
10%) corresponding to the amount of fuel vapor, both the 
amount of intake stroke fuel injection and the amount of 
compression stroke fuel injection are equally reduced (by 
10%) so that the total amount of fuel injection is reduced by 
the amount corresponding to the amount of fuel vapor. 

[0026] HoWever, the intake stroke fuel injection is per 
formed for the purpose of forming a homogeneous mixture 
in each cylinder, and the compression stroke fuel injection is 
performed for the purpose of stratifying a relatively dense 
mixture in each cylinder. The fuel vapor diffuses into intake 
air draWn into the engine, and is supplied into each cylinder 
in the form of a homogeneous mixture. Therefore, if an 
amount of fuel vapor draWn into each cylinder in the form 
of a homogeneous mixture is subtracted from the amount of 
the compression stroke fuel injection for forming a dense 
mixture layer as Well, the formation of a dense mixture layer 
may be impeded, and combustion may deteriorate in some 
cases. For example, if an amount of fuel vapor is subtracted 
from the amount of compression stroke fuel injection as 
Well, a portion of the amount of fuel that Would normally be 
supplied into the cylinder by the compression stroke fuel 
injection is replaced by an amount of fuel supplied in the 
form of a homogeneous mixture of fuel vapor, and therefore 
a fraction of the amount of fuel that should normally be 
strati?ed around the ignition plug diffuses homogeneously in 
the cylinder. Hence, the air-fuel ratio of a mixture layer 
formed by the compression stroke fuel injection shifts to a 
leaner air-fuel ratio, thus leading to the problem of disturbed 
strati?ed charge combustion that results in degraded com 
bustion. 

[0027] According to the invention, therefore, if any cor 
rection is to be made for the fuel vapor draWn into each 
cylinder in the form of a homogeneous mixture, higher 
priority is given to a correction made by reducing the 
amount of fuel injection provided by the intake stroke fuel 
injection for forming a homogeneous mixture. That is, in the 
invention, if the amount of fuel vapor draWn into the 
cylinder is less than the amount of fuel to be injected by the 
starting timing fuel injection, the correction for the amount 
of fuel vapor is accomplished only based on the amount of 
intake stroke fuel injection, and the amount of compression 
stroke fuel injection is not corrected. Therefore, the air-fuel 
ratio of homogeneous mixture that has been formed in each 
cylinder at the time of the compression stroke fuel injection 
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remains the same regardless of the presence/absence of 
purged fuel vapor, so that disturbed strati?ed charge com 
bustion Will be prevented. 

[0028] In the second form of the invention, the fuel 
injection amount correcting means may suspend the intake 
stroke fuel injection, and may reduce the amount of fuel to 
be injected by the compression stroke fuel injection, if the 
amount of the fuel vapor detected by the fuel vapor detecting 
means is greater than the amount of fuel to be injected by the 
intake stroke fuel injection. 

[0029] Therefore, if the amount of the fuel vapor is less 
than the amount of fuel to be injected by the intake stroke 
fuel injection, the fuel injection control described above in 
conjunction With the second form of the invention is per 
formed. If the amount of fuel vapor is greater than the 
amount of fuel to be injected by the intake stroke fuel 
injection, the intake stroke fuel injection is suspended, and 
the amount of fuel to be injected by the compression stroke 
fuel injection is reduced for correction so that as a Whole, the 
amount of fuel supplied to the engine is reduced by an 
amount corresponding to the amount of fuel vapor. Hence, 
disturbance of the strati?ed charge combustion is mini 
miZed. 

[0030] In the second form of the invention, the fuel 
injection amount correcting means may execute the intake 
stroke fuel injection by setting the amount of fuel to be 
injected by the intake stroke fuel injection to a predeter 
mined amount, and may reduce the amount of fuel to be 
injected by the compression stroke fuel injection, if the 
amount of the fuel vapor detected by the fuel vapor detecting 
means is greater than the amount of fuel to be injected by the 
intake stroke fuel injection. 

[0031] Therefore, if the amount of fuel vapor is less than 
the amount of fuel to be injected by the intake stroke fuel 
injection, the fuel injection control described above in 
conjunction With the second form of the invention is per 
formed. If the amount of fuel vapor is greater than the 
amount of fuel to be injected by the intake stroke fuel 
injection, the intake stroke fuel injection is not suspended 
but is performed With a predetermined amount. The amount 
of fuel injection provided by the compression stroke fuel 
injection is reduced by the total of an amount corresponding 
to the amount of fuel vapor and the amount of fuel injection 
provided by the intake stroke fuel injection. In the Weak 
strati?ed charge combustion, the fuel injected during the 
compression stroke forms a dense mixture layer in a lean 
homogeneous mixture, and ?ames formed by ignition in the 
dense mixture layer propagate to the lean homogeneous 
mixture. Therefore, if there is a great difference betWeen the 
air-fuel ratio of the dense mixture layer and the air-fuel ratio 
of the homogeneous mixture, ?ames do not smoothly propa 
gate from the dense mixture layer to the lean homogeneous 
mixture in some cases. According to the invention, even if 
there is a great amount of fuel vapor, the intake stroke fuel 
injection is not suspended, but a small amount of fuel is 
injected by the intake stroke fuel injection into a homoge 
neous mixture formed by fuel vapor, so that a mixture 
having a relatively loW air-fuel ratio is formed in the 
homogeneous mixture of fuel vapor. 

[0032] Therefore, the compression stroke fuel injection 
injects fuel into the relatively loW air-fuel ratio mixture 
formed by the intake stroke fuel injection, so that a dense 
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mixture layer is formed. As a result, the relatively loW 
air-fuel ratio (intermediate air-fuel ratio) mixture formed by 
the intake stroke fuel injection exists betWeen the lean 
homogeneous mixture formed by fuel vapor and the fuel 
rich mixture layer formed by the compression stroke fuel 
injection. Hence, the air-fuel ratio of mixture smoothly 
changes from the dense mixture layer to the homogeneous 
mixture, so that ?ames smoothly propagate from the dense 
mixture layer to the homogeneous mixture. If in this case, 
the injection of a small amount of fuel during the intake 
stroke is performed during a latest-possible period of the 
intake stroke, the fuel injected by the intake stroke fuel 
injection does not diffuse into the homogeneous mixture, so 
that a mass of mixture of an intermediate air-fuel ratio can 
be formed in the homogeneous mixture and therefore the 
propagation of ?ames becomes smoother. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The foregoing and further objects, features and 
advantages of the present invention Will become apparent 
from the folloWing description of preferred embodiments 
With reference to the accompanying draWings, Wherein like 
numerals are used to represent like elements and Wherein: 

[0034] FIG. 1 is a diagram schematically illustrating an 
embodiment in Which the invention is applied to a motor 
vehicle internal combustion engine; 

[0035] FIG. 2 is a timing chart illustrating correction of 
the fuel injection timing in the invention; 

[0036] FIG. 3 is a ?oWchart illustrating a ?rst embodi 
ment of the fuel injection control operation of the invention; 

[0037] FIG. 4 is a graph indicating the setting of a factor 
for use in the control operation illustrated in FIG. 3; 

[0038] FIG. 5 is a graph indicating the setting of a factor 
for use in the control operation illustrated in FIG. 3; 

[0039] FIG. 6 is a graph indicating the setting of a factor 
for use in the control operation illustrated in FIG. 3; 

[0040] FIG. 7 is a ?oWchart illustrating a second embodi 
ment of the fuel injection control operation of the invention; 

[0041] FIG. 8 is a ?oWchart illustrating a third embodi 
ment of the fuel injection control operation of the invention; 

[0042] FIG. 9 is a ?oWchart illustrating a fourth embodi 
ment of the fuel injection control operation of the invention; 

[0043] FIG. 10 is a portion of a ?oWchart illustrating a 
?fth embodiment of the fuel injection control operation of 
the invention; 

[0044] FIG. 11 is a portion of the ?oWchart illustrating the 
?fth embodiment of the fuel injection control operation of 
the invention; and 

[0045] FIG. 12 is a portion of a ?oWchart illustrating a 
sixth embodiment of the fuel injection control operation of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0046] Preferred embodiments of the invention Will be 
described hereinafter With reference to the accompanying 
draWings. 
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[0047] FIG. 1 is a schematic diagram illustrating a con 
struction of an embodiment in Which the invention is applied 
to an internal combustion engine of a motor vehicle. 

[0048] FIG. 1 shoWs a motor vehicle internal combustion 
engine 1. In this embodiment, the engine 1 is a four-cylinder 
gasoline engine having four cylinders #1 to #4. Each cyl 
inder is provided With a direct fuel injection valve 111 to 114 
for injecting fuel directly into the cylinder. As described 
beloW, the internal combustion engine 1 of the embodiment 
is capable of operating over a broad range of air-fuel ratio 
from an air-fuel ratio that is higher than (on the fuel-lean side 
of) the stoichiometric air-fuel ratio and an air-fuel ratio that 
is loWer than (on the fuel-rich side of) the stoichiometric 
air-fuel ratio. 

[0049] In this embodiment, the cylinders #1 to #4 are 
divided into tWo cylinder groups each of Which includes tWo 
cylinders Whose ignition timings are not consecutive. (For 
example, in the embodiment of the FIG. 1, the order of 
ignition of the cylinders is 1-3-4-2, and the cylinders #1 and 
#4 and the cylinders #2 and #3 form separate cylinder 
groups.) Exhaust ports of the cylinders of the tWo cylinder 
groups are connected to separate exhaust manifolds Which 
are connected to exhaust passages that are provided sepa 
rately for the tWo cylinder groups. FIG. 1 shoWs an exhaust 
manifold 21a that connects the exhaust ports of the cylinder 
group of the cylinders #1 and #4 to a dedicated exhaust 
passage 2a, and an exhaust manifold 21b that connects the 
exhaust ports of the cylinder group of the cylinders #2 and 
#3 to a dedicated exhaust passage 2b. In this embodiment, 
the separate exhaust passages 2a, 2b are provided With start 
catalysts (hereinafter, referred to as “SCs”) 5a and 5b each 
of Which is formed by a knoWn three-Way catalyst. The 
separate exhaust passages 2a, 2b join at a doWnstream side 
of the SCs into an exhaust passage 2. 

[0050] FIG. 1 shoWs air-fuel ratio sensors 29a, 29b dis 
posed upstream of the start catalysts 5a, 5b of the exhaust 
passages 2a, 2b. The air-fuel ratio sensors 29a, 29b are 
sensors that output voltage signals corresponding to exhaust 
air-fuel ratios in a board range of air-fuel ratio. The outputs 
of the air-fuel ratio sensors 29a, 29b are used for an air-fuel 
ratio control of the engine 1. 

[0051] FIG. 1 further shoWs an intake manifold 10b that 
connects the intake ports of the cylinders of the engine 1 to 
an intake passage 10, and a surge tank 10a provided on the 
intake passage 10. 

[0052] Furthermore, in this embodiment, a throttle valve 
15 is provided in the intake passage 10. The throttle valve 15 
in the embodiment is a generally-termed electronically con 
trolled throttle valve that is driven by an appropriate actuator 
15a, such as a stepping motor or the like, so as to assume a 
degree of opening corresponding to a control signal from an 
ECU 30 described beloW. 

[0053] A knoWn fuel vapor purge device 40 is connected 
via a purge control valve 41 to a portion of the intake 
passage 10 doWnstream of the throttle valve 15. The purge 
device 40 is equipped With a canister containing an adsor 
bent, for example, activated carbon or the like, so that fuel 
vapor from a fuel tank (not shoWn) of the engine 1 is 
adsorbed by the adsorbent disposed in the canister. There 
fore, release of fuel vapor from the fuel tank into the 
atmosphere is prevented. The purge control valve 41 is 
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equipped With an appropriate actuator, such as a stepping 
motor or the like, and assumes a degree of opening corre 
sponding to a control signal from the ECU 30. When the 
purge control valve 41 is opened during operation of the 
engine 1, fuel vapor adsorbed Within the canister of the 
purge device 40 flows out of the purge control valve 41 into 
the intake passage 10, and mixes With intake air that has 
passed through the throttle valve 15, thereby forming a 
homogeneous mixture. The mixture is then draWn into the 
cylinders of the engine 1. 

[0054] Furthermore, in the embodiment, an oxygen con 
centration sensor 31 for detecting the oxygen concentration 
in intake air is disposed on the surge tank 10a of the intake 
passage 10. The oxygen concentration sensor 31 is a sensor 
that outputs a signal corresponding to the oxygen concen 
tration in intake air over a Wide range of concentration. The 
oxygen concentration sensor 31 is a type of sensor similar to 
the air-fuel ratio sensors 29a, 29b. 

[0055] FIG. 1 shoWs the electronic control unit (ECU) 30 
of the engine 1. The ECU 30 is a microcomputer having a 
knoWn construction that includes a RAM, a ROM and a 
CPU in this embodiment. The ECU 30 performs basic 
controls of the engine 1, such as an ignition timing control, 
an air-fuel ratio control, etc. In this embodiment, in addition 
to the aforementioned basic controls, the ECU 30 performs 
a control of changing the mode of fuel injection from the 
direct injection valves 111 to 114 to change the operation 
air-fuel ratio of the engine in accordance With the state of 
operation of the engine 1, and also performs the purging of 
fuel vapor by controlling the opening/closing of the purge 
control valve 41. Furthermore, during execution of a purge, 
the ECU 30 performs a purge fuel injection control of 
detecting the amount of fuel vapor in intake air through the 
use of the intake oxygen concentration sensor 31 and 
changing the amount of fuel injected from the direct injec 
tion valves 111 to 114 of the cylinders, the fuel injection 
timing of each cylinder, etc. based on the detected amount of 
fuel vapor. 

[0056] In order to perform the aforementioned various 
controls, input ports of the ECU 30 receive inputs of signals 
from the air-fuel ratio sensors 29a, 29b Which indicate 
exhaust air-fuel ratios at the inlets of the start catalysts 5a, 
5b, a signal from the intake oxygen concentration sensor 31 
Which indicates the oxygen concentration in intake air, and 
a signal from an intake pressure sensor 35 provided in the 
engine intake manifold Which corresponds to the pressure in 
the intake pipe of the engine. Furthermore, input ports of the 
ECU 30 receive inputs of a rotational angle pulse signal that 
is outputted from a crank angle sensor 33 disposed near an 
engine crankshaft (not shoWn) at every predetermined rota 
tional angle of the engine crankshaft (e.g., every 15 degrees) 
and that indicates the rotational angle of the crankshaft, and 
a reference crank position pulse signal that is outputted from 
the crank angle sensor 33 at every 720° engine revolution 
(e.g., every time the compression top dead center of the 
cylinder #1 is reached). 

[0057] Still further, in the embodiment, an input port of the 
ECU 30 receives a signal that is outputted from an accel 
erator operation amount sensor 37 disposed near an accel 
erator pedal (not shoWn) of the engine 1 and that indicates 
the amount of depression of the accelerator pedal (accelera 
tor operation amount) accomplished by an operating person. 
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The ECU 30 performs A/D conversion of the output of the 
intake pressure sensor 35 and the output of the accelerator 
operation amount sensor 37, and stores them as an intake 
pipe pressure PM and an accelerator operation amount 
ACCP into predetermined areas in the RAM of the ECU 30. 
Furthermore, the ECU 30 calculates an engine revolution 
speed NE based on the time interval of the rotational angle 
pulse signals outputted from the crank angle sensor 33 at 
every predetermined rotational angle, and calculates a crank 
angle (phase) based on the number of rotational angle pulse 
signals that folloW a reference crank position pulse signal. 
The ECU 30 uses the engine revolution speed NE and the 
crank angle for various controls. 

[0058] Output ports of the ECU 30 are connected to the 
direct injection valves 111 to 114 of the cylinders via a fuel 
injection circuit (not shoWn) in order to control the amount 
of fuel injection and the fuel injection timing of each 
cylinder. Furthermore, an output port of the ECU 30 is 
connected to the actuator 15a of the throttle valve 15 via a 
drive circuit (not shoWn) for the purpose of controlling the 
degree of opening of the throttle valve 15. 

[0059] The ECU 30 is also connected to an actuator of the 
purge control valve 41 via a drive circuit (not shoWn), and 
controls the degree of opening of the purge control valve 41 
to perform the purging of fuel vapor. 

[0060] In this embodiment, the ECU 30 operates the 
engine 1 in one of ?ve modes mentioned beloW in accor 
dance With the condition of operation of the engine 1. 

[0061] lean air-fuel ratio strati?ed charge combus 
tion (a single injection during the compression 
stroke) 

[0062] (ii) lean air-fuel ratio Weak strati?ed charge 
combustion (tWo injections, one during the intake 
stroke and one during the compression stroke) 

[0063] (iii) lean air-fuel ratio homogenous mixture 
combustion (a single injection during the intake 
stroke) 

[0064] (iv) stoichiometric air-fuel ratio homogeneous 
mixture combustion (a single injection during the 
intake stroke) 

[0065] (v) rich air-fuel ratio homogeneous mixture 
combustion (a single injection during the intake 
stroke) 

[0066] In a light load operation region of the engine 1, the 
lean air-fuel ratio strati?ed charge combustion of the mode 
(i) is performed. Each cylinder of the engine 1 is equipped 
With tWo intake valves, that is, an intake valve With a sWirl 
port for forming sWirls (Whirling streams) of intake air and 
an intake valve With an ordinary straight port. The amount 
of intake air that flows into the cylinder via the sWirl port can 
be controlled by adjusting the degree of opening of a sWirl 
control valve (SCV) (not shoWn) provided in an intake 
passage connected to the straight port. For the strati?ed 
charge combustion, the degree of opening of the SCV is set 
to a completely closed state to increase the amount of intake 
air flowing via the sWirl port so that strong sWirls are formed 
in the cylinder. During this mode, the direct fuel injection is 
performed only once during a latter half period of the 
compression stroke of each cylinder, so that injected fuel 
forms a layer of a combustible mixture in the vicinity of the 
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ignition plug of each cylinder. Furthermore, during this 
operation mode, the amount of fuel injected is very small, 
and the air-fuel ratio in each cylinder as a Whole reaches 
about 25 to 30, or even a higher ratio. 

[0067] If the load increases from the state of the mode so that a loW-load operation region is reached, the lean 

air-fuel ratio Weak strati?ed charge combustion of the mode 
(ii) is carried out. The amount of fuel injected into each 
cylinder is increased as the engine load increases. HoWever, 
in this load region, a target amount of fuel is injected into 
each cylinder by injecting fuel during an earlier half period 
of the intake stroke in addition to the fuel injection during a 
latter half period of the compression stroke. The fuel 
injected into each cylinder during the earlier half period of 
the intake stroke forms a very lean homogeneous mixture by 
the time of ignition thereof. During the latter half period of 
the compression stroke, fuel is injected into the very lean 
homogeneous mixture so that an ignitable combustible mix 
ture layer is formed in the vicinity of the ignition plug. At the 
time of ignition, the combustible mixture layer initiates 
combustion, and ?ames propagate to the surrounding lean 
mixture layer. Therefore, stable combustion is accom 
plished. During this mode, the amount of fuel supplied by 
injection actions performed during the intake stroke and the 
compression stroke is greater than the amount of fuel 
supplied in the mode HoWever, the air-fuel ratio as a 
Whole is a relatively less lean air-fuel ratio (e.g., an air-fuel 
ratio of about 20 to about 30). 

[0068] If the engine load further increases, the engine 1 
carries out the lean air-fuel ratio homogeneous mixture 
combustion of the mode (iii). During this mode, the SCV is 
fully opened, so that intake air flows into each cylinder 
mostly via the straight port. Furthermore, during this mode, 
fuel injection is performed only once during an earlier half 
period of the intake stroke, and the amount of fuel injected 
is further increased from the amount of fuel injected in the 
mode (ii). The homogeneous mixture formed in each cyl 
inder during this mode has a lean air-fuel ratio that is 
relatively close to the stoichiometric air-fuel ratio (e.g., an 
air-fuel ratio of about 15 to about 25). 

[0069] If the engine load further increases so that a high 
engine load operation region is reached, the amount of fuel 
is further increased from the amount supplied in the mode 
(iii), that is, the stoichiometric air-fuel ratio homogeneous 
mixture combustion of the mode (iv) is carried out. During 
this mode, a homogeneous mixture of the stoichiometric 
air-fuel ratio is formed in each cylinder, and the engine 
output increases. If the engine load further increases so that 
a full-engine load operation is reached, the amount of fuel 
injected is further increased from the amount of fuel sup 
plied in the mode (iv), that is, the rich air-fuel ratio homo 
geneous mixture combustion of the mode (v) is carried out. 
During this mode, the homogeneous mixture formed in each 
cylinder has a rich air-fuel ratio (e.g., an air-fuel ratio of 
about 12 to about 14). 

[0070] According to the embodiment, the optimal opera 
tion modes (the modes to corresponding to the 
accelerator operation amount (the amount of depression of 
the accelerator pedal accomplished by an operating person) 
and the engine revolution speed are pre-set based on experi 
ments and the like. The modes are pre-stored in the ROM of 
the ECU 30 in the form of a numerical table (map) that 
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employs the accelerator operation amount and the engine 
revolution speed. During operation of the engine 1, the ECU 
30 determines Which one of the modes to (v) to select at 
present based on the accelerator operation amount detected 
by the accelerator operation amount sensor 37 and the 
engine revolution speed. In accordance With the selected 
mode, the ECU 30 determines quantities of control for 
controlling the state of operation of the engine 1, such as the 
amount of fuel injection, the fuel injection timing, the 
number of times of performing the fuel injection, the igni 
tion timing, the degree of throttle valve opening, the EGR 
amount (the degree of EGR valve opening), etc. 

[0071] If the mode (iv) (stoichiometric air-fuel ratio 
homogeneous mixture combustion) is selected, the ECU 30 
executes an air-fuel ratio control of feedback-correcting the 
amount of fuel injection calculated as described above so 
that the engine exhaust air-fuel ratio reaches the stoichio 
metric air-fuel ratio, based on the outputs of the air-fuel ratio 
sensors 29a, 29b. 

[0072] More speci?cally, if any one of the modes to (iii) 
(lean air-fuel ratio combustion) is selected, the ECU 30 
determines quantities of control, such as the amount of fuel 
injection, the fuel injection timing, the degree of throttle 
opening, the EGR amount, the ignition timing, etc., from the 
accelerator operation amount and the engine revolution 
speed With reference to a corresponding one of the numeri 

cal tables prepared beforehand individually for the modes to (iii). If either one of the modes (iv) and (v) is selected, the 

ECU 30 sets quantities of control, such as the amount of fuel 
injection and the like, based on the accelerator operation 
amount, the engine revolution speed, and the intake pipe 
pressure detected by the intake pressure sensor 35, With 
reference to a corresponding one of the numerical table 
prepared beforehand individually for the modes (iv) and 
[0073] During any one of the mode to (iii), the degree 
of opening of the throttle valve 15 is controlled Within a 
range near the fully open state, in accordance With the 
accelerator operation amount. In this range, the degree of 
throttle valve opening is decreased With decreases in the 
accelerator operation amount. HoWever, since this range is 
practically equivalent to the fully open state of the throttle 
valve 15, a change in the degree of throttle valve opening 
Within the range does not substantially change the intake 
pipe pressure, and causes substantially no intake throttling. 

[0074] In contrast, during either one of the modes (iv) and 
(v), the degree of throttle valve opening is controlled to a 
degree of opening substantially equivalent to the accelerator 
operation amount. That is, if the accelerator operation 
amount (the amount of depression of the accelerator pedal) 
is “0”, the degree of throttle opening is also set to “0” 
(completely closed). If the accelerator operation amount is 
100% (if the accelerator pedal is completely depressed), the 
degree of throttle opening is also set to 100% (fully opened). 
[0075] Next described Will be a fuel injection control 
executed at the time of fuel vapor purge in accordance With 
the embodiment. In the description beloW, the amount of fuel 
injection and the fuel injection timing set by the ECU 30 
When the purging is not executed Will be referred to as “base 
amount of fuel injection” and “base fuel injection timing” in 
order to distinguish the amount of fuel injection and the fuel 
injection timing set at the time execution of the purging. 

[0076] The fashions of fuel injection in this embodiment 
can be roughly divided into the intake stroke fuel injection 
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for forming homogeneous mixture (modes (iii), (iv), (v)), 
and the compression stroke fuel injection for forming strati 
?ed mixture (mode (i)), as indicated above. During the Weak 
strati?ed charge combustion of the mode (ii), the tWo 
fashions of fuel injection are performed. 

[0077] Firstly, conditions required for the intake stroke 
fuel injection and for the compression stroke fuel injection 
Will be described. 

[0078] With regard to the intake stroke fuel injection, it is 
necessary to form a homogeneous mixture in each cylinder 
by causing injected fuel to homogeneously diffuse in the 
cylinder. To this end, it is necessary to alloW a suf?cient 
amount of time for the diffusion of injected fuel in the 
cylinder. Therefore, it is preferable to complete the intake 
stroke fuel injection at an earliest-possible timing (i.e., a 
timing that is as close to the intake stroke top dead center as 
possible). HoWever, if the piston is an upper position at the 
time of execution of fuel injection, injected fuel may deposit 
on the piston, thereby impeding formation of a homoge 
neous mixture. In that sense, it is desirable to start the intake 
stroke fuel injection When the piston is at a loWest-possible 
position (i.e., a timing that is as close to the intake stroke 
bottom dead center as possible). 

[0079] That is, it is desirable that the intake stroke fuel 
injection be started as late as possible (at a timing that is as 
close to the bottom dead center as possible), and be ended 
as early as possible (at a timing that is as close to the top 
dead center as possible). 

[0080] In reality, however, if the amount of fuel injection 
is relatively great, the aforementioned conditions cannot be 
fully met because of the lengthened fuel injection duration. 
Furthermore, during high-speed engine operation, the dura 
tion of the intake stroke becomes relatively short in com 
parison With the fuel injection duration, so that a similar 
problem arises even if the amount of fuel injection is small. 
Still further, in reality, the piston speed also greatly affects 
the formation of a homogeneous mixture. That is, optimal 
starting and ending timings of the intake stroke fuel injection 
are determined by the engine load (i.e., the amount of fuel 
injection (fuel injection duration)), the engine revolution 
speed, the piston speed at the time of injection, etc. 

[0081] With regard to the compression stroke fuel injec 
tion for strati?cation, it is necessary to form a dense (rich) 
mixture layer around the ignition plug of each cylinder 
Without alloWing injected fuel to diffuse in the cylinder. It is 
also necessary that the dense mixture layer formed by 
injection have an air-fuel ratio Within a range that alloWs 
easy ignition (e.g., an air-fuel ratio of about 13 to about 14). 

[0082] In order to stratify fuel injected by the compression 
stroke fuel injection as a dense mixture layer, it is desirable 
to delay the injection starting timing as much as possible so 
that the injected fuel does not diffuse before being ignited. 
HoWever, the compression stroke fuel injection is performed 
While the piston is ascending toWard the top dead center 
during a latter period of the compression stroke. Therefore, 
as the ending timing of the compression stroke fuel injection 
is delayed, the injected fuel is more likely to be compressed 
due to the ascent of the piston before diffusing, so that the 
air-fuel ratio of the strati?ed mixture Will decrease (shift to 
the rich side). Therefore, if the fuel injection timing is 
delayed, the strati?ed mixture becomes excessively dense so 
that ignition and combustion may fail. 
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[0083] Therefore, during the compression stroke fuel 
injection as Well, optimal starting and ending timings of fuel 
injection vary depending on the engine load, the engine 
revolution speed, the piston speed at the time of injection, 
etc. 

[0084] Thus, With regard to both the intake stroke fuel 
injection and the compression stroke fuel injection, optimal 
fuel injection timing is affected by many factors, so that it is 
dif?cult to obtain an optimal injection timing in a real 
engine. Therefore, in reality, the fuel injection timing is 
determined by a generally-termed conforming operation in 
Which an engine is actually operated at various engine 
revolution speeds and various engine loads, and in Which 
fuel injection timings are set so that the state of formation of 
mixture becomes as close to an ideal state as possible With 
combinations of operation conditions (engine revolution 
speed, engine load). 
[0085] Therefore, in a case Where the amount of fuel 
injection is corrected taking into account the amount of fuel 
supplied to each cylinder by purging fuel vapor, mere 
correction of the amount of fuel injection With the fuel 
injection starting or ending timing being ?xed Will degrade 
the mixture formation state set by the aforementioned con 
forming operation, and Will result in a failure in accomplish 
ing good combustion in some cases. 

[0086] According to the embodiment, in order to solve the 
aforementioned problem, both the injection starting timing 
and the injection ending timing are changed if the amount of 
fuel injection needs to be corrected in accordance With the 
amount of fuel vapor. 

[0087] FIG. 2 is a diagram for illustrating a difference 
betWeen the fuel injection timing correction in accordance 
With the embodiment and the fuel injection timing correction 
in accordance With the conventional art. 

[0088] FIG. 2 indicates the fuel injection timing, Where 
the horiZontal axis represents the crank angle (CA). Line I 
in FIG. 2 indicates the fuel injection timing (base fuel 
injection timing) in a case Where no purging is performed. 
That is, according to the base fuel injection timing, fuel 
injection is started at a crank angle of CA1, and is ended at 
a crank angle of CA2. 

[0089] In FIG. 2, lines II and III indicate the conventional 
fuel injection corrections. More speci?cally, line II indicates 
fuel injection correction in Which the injection starting 
timing is ?xed, and line III indicates fuel injection correction 
in Which the injection ending timing is ?xed. That is, if a 
correction is to be performed so as to reduce the amount of 
fuel injection (injection duration) by an amount VP corre 
sponding to the amount of fuel vapor, the injection ending 
timing is advanced by the amount VP according to the 
correction With ?xed injection starting timing (II), or the 
injection starting timing is retarded by the amount VP 
according to the correction With ?xed ignition ending timing 
(III). 
[0090] In FIG. 2, line IV indicates the fuel injection 
correction in accordance With the embodiment. As indicated 
by line IV in FIG. 2, When the injection duration is to be 
reduced by the amount VP in the embodiment, the time VP 
is divided into VP1 and VP2 (VP=VP1+VP2), and the 
injection starting timing is retarded by VP1, and the injec 
tion ending timing is advanced by VP2. The proportion 
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betWeen VP1 and VP2 is set in accordance With various 
engine revolution speeds and various engine loads based on 
experiments using a real engine so that the state of formation 
of mixture becomes as close to an ideal state as possible. 
Therefore, even in a case Where the amount of fuel vapor is 
to be corrected, the fuel injection stating timing and the fuel 
injection ending timing are more appropriately adjusted so 
as to accomplish good combustion. 

[0091] The fuel injection controls at the time of execution 
of a purge during the homogeneous mixture combustion 
mode and the strati?ed charge combustion mode Will be 
separately described. 

[0092] (1) HOMOGENEOUS MIXTURE COMBUS 
TION 

[0093] 1) FIRST EMBODIMENT 

[0094] This embodiment Will be described in conjunction 
With a case Where the fuel injection control is performed 
With the fuel injection starting timing being set as a reference 
timing. In this case, the ECU 30 controls the amount of fuel 
injection and the fuel injection timing by setting the fuel 
injection starting timing and the injection duration of each 
cylinder in accordance With the state of engine operation. 
According to the conventional art, if the amount of fuel 
injection is to be reduced in order to correct the amount of 
fuel vapor at the time of execution of a purge, the amount of 
fuel injection is reduced by shortening the fuel injection 
duration Without changing the fuel injection starting timing 
(With a ?xed injection starting timing). The embodiment 
differs from the conventional art in that When the fuel 
injection duration is to be changed, the fuel injection starting 
timing serving as a reference timing is also corrected 
(retarded). Therefore, according to the embodiment, both the 
fuel injection starting timing and the fuel injection ending 
timing are adjusted in accordance With the amount of fuel 
vapor so as to achieve an optimal state of formation of a 
mixture. 

[0095] FIG. 3 is a ?oWchart illustrating a purge-time fuel 
injection control operation in accordance With the embodi 
ment. This operation is performed as a routine executed at 
every predetermined crank rotation angle. 

[0096] When the operation illustrated in FIG. 3 starts, it is 
determined in step 301 Whether the engine is presently 
operated in the homogeneous mixture combustion mode 
(i.e., any one of the modes (iii) to If the engine is 
presently operated in the homogeneous mixture combustion 
mode, a fuel injection control process of steps 303 to 321 is 
performed. Conversely, if it is determined in step 301 that 
the engine is not presently operated in the homogeneous 
mixture combustion mode (that is, the engine is presently 
operated in the strati?ed charge combustion operation mode 
or the Weak strati?ed charge combustion operation mode), 
the ECU 30 executes a corresponding one of the fuel 
injection controls corresponding to the operation modes 
described separately beloW. 

[0097] In step 303, a load parameter KL and the engine 
revolution speed NE calculated based on the output of the 
crank angle sensor 33 are inputted. As for the load parameter 
KL, the accelerator operation amount ACCP detected by the 
accelerator operation amount sensor 37 is used during the 
lean air-fuel ratio homogeneous mixture combustion mode 
(mode (iii)), and the intake pipe pressure detected by the 




















