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Description

[0001] The presentinvention relates to a fuel injection
control apparatus and, more particularly, to a fuel injec-
tion control apparatus of an engine having a plurality of
pairs of intake and exhaust valves per cylinder.

[0002] Asanengine having a plurality of pairs of intake
and exhaust valves per cylinder, an engine having avalve
stopping mechanism for making at least one intake valve
inactive in a schedule operation zone (for example, a low
engine speed zone) to hold a valve closed state is known.
By holding one intake valve in a closed state, a swirl is
generated in a combustion chamber to realize lean burn,
thereby achieving reduction in fuel consumption. In an
engine having the valve stopping mechanism, when the
engine is out of the scheduled operation zone, the intake
valve in the inactive (stop) state is switched to an active
state. At this time, however, a fuel supply state suddenly
changes. Consequently, the engine operating conditions
also suddenly change, and the driver may feel something
is wrong.

[0003] Proposals have been made to solve the prob-
lem. For example, JP-A-2000-204956 discloses an en-
gine in which, in order to prevent a fuel accumulated in
a stopped intake path from flowing into a combustion
chamber at once, an intake path extending to a plurality
of intake ports is communicated with a communication
path, thereby preventing the fuel from being accumulated
in the intake path extending to a stopped intake valve.
[0004] JP-U-63-15553 discloses an engine in which a
supply fuel increase timing is delayed in expectation of
a delay in timing of opening the valve in a stopped state
to prevent an over-rich state of an air-fuel mixture due to
adelay in timing of activating the valve in a stopped state.
[0005] Further, JP-A-07-293305 discloses an engine
having a fuel injection valve dedicated to an intake port
corresponding to an intake valve (stop intake valve) ac-
companying a stop state and a fuel injection valve ded-
icated to an intake port corresponding to an intake valve
(regular intake valve) which is not accompanying a stop
state, and the fuelinjection valves are independently con-
trolled.

[0006] The above-described conventional apparatus-
es still have problems to be solved. First, in the engine
for making the accumulated fuel escape to the intake
path corresponding to the regular valve via the commu-
nication path, in the case where fuel spray of the fuel
injection valve is directed to both of the stop valve and
the regular valve, there is the possibility that the accu-
mulated fuel cannot be sufficiently escaped to the regular
valve side. Although the engine in which the supply fuel
increase timing is delayed can deal with a mechanical
activation delay of a valve, it does not solve a problem
such as a temporary over-rich state due to inflow of the
accumulated fuel. Further, the engine having a plurality
of fuel injection valves has problems such that the
number of assembling steps is increased due to an in-
crease in the number of parts and the flexibility of layout
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of an air intake system deteriorates.

[0007] EP-0653557A discloses a control, system
which controls the supply of fuel injected into an intake
pipe in a manner compensating for a fuel amount adher-
ing to the inner surface of the intake pipe. There, esti-
mated values of the intake pipe-adherent fuel amount
and the carried-off fuel amount are corrected in depend-
ence on the valve operating characteristics of the intake
valves, in particular with the intake valves inoperative
when the engine is operating in a low load condition. The
intake pipe-adherent fuel amount can be then accurately
estimated, irrespective of the valve operating character-
istics and hence accurately control the air-fuel ratio of a
mixture supplied to the combustion chambers. The en-
gine temperature is taken into account for the estimation
of intake pipe-adherent fuel amount.

[0008] EP-1106792A discloses a one-intake-valve op-
erating mode, whereby a first intake valve is opened dur-
ing intake stroke and the second intake valve is kept in
a closed state so that air is drawn into the cylinder only
through a first one of the intake ports and a two-intake-
valve operating mode, in which the intake valves are both
opened during the intake stroke so that air is drawn into
the cylinder through both the intake ports. There, the dif-
ference in the wall fuel mass flow rate between the two
different intake valve operating modes is compensated
by the fuel injection amount to enhance the transient A/F
control accuracy.

[0009] In consideration of the problems, an object of
the present invention is to provide a fuel injection control
apparatus capable of preventing a temporary over-rich
state due to inflow of a fuel accumulated in an intake path
corresponding to a stop valve.

[0010] To achieve the object, the invention provides a
fuel injection control apparatus for determining a fuel re-
guestamounton the basis of an engine state, comprising:
valve stopping means for holding, in an active state there-
of, at least one of a plurality of intake valves provided for
each cylinder in a closed state in a scheduled operation
zone; a fuel injection system including a fuel injection
valve provided for a common intake path which is
branched to a plurality of intake ports opened/closed by
said plurality of intake valves, and lean-burn means for
correcting an air/fuel ratio to a lean side with respect to
said fuel request amount in a lean-burn operation zone
which is out of said scheduled operation zone and in
which said valve stopping means is switched to an inac-
tive state, wherein the atleast one intake valve is opened/
closed in accordance with engine rotational speed, char-
acterized in that the lean-burn means corrects the air/
fuel ratio to the lean side in stages when the engine ro-
tational speed exceeds a lower-limit rotational speed
while the valve stopping means is in its active state, and
cancels the lean-burn correction in stages when the en-
gine rotational speed exceeds a control switch rotational
speed which is higher than the lower-limit rotational
speed and at which a solenoid is operated for switching
the valve stopping means to its inactive state.
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[0011] The fuel injection control apparatus for deter-
mining a fuel request amount on the basis of an engine
state comprises: valve stopping means for holding at
least one of a plurality of intake valves provided for each
cylinder in a closed state in a scheduled operation zone;
a fuel injection system including a fuel injection valve
provided for a common intake path which is branched to
a plurality of intake ports opened/closed by said plurality
of intake valves; and lean-burn, means for correcting an
air/fuelratioto a lean side with respect to said fuel request
amount in an operation zone, which is out of said sched-
uled operation zone just after said valve stopping means
has been switched to an inactive state. The lean-burn
operation zone is set on the basis of an engine speed,
said valve stopping means is switched to the inactive
state in a zone in which the engine speed is higher than
a scheduled engine speed, and said lean-burn correction
is made in stages from a rotation speed zone lower than
said scheduled engine speed.

[0012] A restoration canceling means is provided for
canceling the lean-burn correction in stages in an oper-
ation zone after the valve stopping means is switched to
the inactive state.

[0013] Preferably, the degree of correcting the A/F ra-
tio to the lean side by the lean-burn means is determined
to be high when the engine temperature is low and to be
low when the engine temperature is high.

[0014] Preferably, when the lean-burn correction is
continued for planned time or longer, the lean-burn cor-
rection is canceled in stages.

[0015] A fuel accumulated in an intake port which is
closed when the valve stopping means is active flows in
at once from the intake port which is opened when the
valve stopping means is made inactive, and an air-fuel
mixture tends to enter an over-rich state. According to
the invention, the lean-burn correction is made in the op-
eration zone in which the valve stopping means is
switched to an inactive state, so that the over-rich state
can be avoided.

[0016] The switching of the active/inactive state of the
valve stopping means is made on the basis of the engine
speed. The lean-burn correction is started from the en-
gine speed zone lower than the engine speed zone which
is set for the switching. Therefore, by the time the valve
stopping means is switched to the active state, the lean-
burn correction is sufficiently made. The lean-burn cor-
rection and restoration are performed in stages, so that
fluctuations in an output of the engine are small.

[0017] Particularly, after the operation zone (stop
switching operation zone) in which the valve stopping
means is switched to the inactive state, the fuel supply
amount is gradually restored to the fuel request amount.
[0018] Here, the amount of fuel accumulated in the in-
take port which remains closed increases as the engine
temperature decreases. Consequently, the lean-burn
correction is performed largely when the engine temper-
ature is low. Therefore, when the engine is continuously
operated in the valve stopping means switching operat-
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ing zone, the A/F ratio can be prevented from being ex-
cessively corrected to the lean side.

[0019] According to the invention of claims 1 to 3 an
over-rich state caused when a fuel accumulated in arest-
ingintake port flows in atonce can be solved by correcting
the A/F mixture to the lean-burn side. Therefore, fluctu-
ationsin output of the engine and occurrence of unburned
hydrocarbon can be suppressed. Particularly, such ef-
fects can be achieved without employing a complicated
structure of, for instance, providing a plurality of fuel in-
jection valves for each cylinder.

[0020] According to the invention of claims 1 and 2,
the correction to the lean side and restoration can be
gradually performed, so that fluctuations in output of the
engine can be further lessened.

[0021] According to the invention of claim 3. in consid-
eration of the fact that the accumulated fuel at the time
of stop depends on the engine temperature, when the
engine temperature is low, the degree of setting the A/F
mixture to the lean side can be increased. Further, ac-
cording to the invention of claim 4, it is suppressed so
that the A/F mixture is set to the lean side excessively
when the engine speed is stable in the stop switching
operating zone, thereby enabling the stability in outputs
in the stop switching operating zone can be assured.

Fig. 1 is a block diagram showing the functions of a
main portion of a control apparatus according to an
embodiment of the invention.

Fig. 2is a side view of a motorcycle having the control
apparatus according to the embodiment of the in-
vention.

Fig. 3 is a cross section of a cylinder head of an
engine.

Fig. 4 is a bottom view of the cylinder head of the
engine.

Fig. 5 is a cross section of a valve stopping mecha-
nism.

Fig. 6 is a timing chart of a fuel supply control.

Fig. 7 is aflowchart (NO. 1) of the fuel supply control.
Fig. 8 is aflowchart (NO. 2) of the fuel supply control.

[0022] An embodiment of the invention will be de-
scribed hereinbelow with reference to the drawings. Fig.
2 is a side view of a motorcycle having a fuel injection
control apparatus according to the embodiment of the
invention. A body frame 21 of a motorcycle 2 has a head
pipe 23 provided in the front part of the body and a main
frame 22 whose front end is coupled to the head pipe 23
and which is branched to right and left parts of the body
and extends to the rear part of the body. The main frame
22 has an almost U letter shape which opens upward in
a side view. A seat stay 25 extending obliquely upward
to the rear is coupled to the rear ends of the main frame
22, and the rear ends are coupled to each other via a
coupling frame 24.

[0023] A front fork 26 pivoted on the head pipe 23 is
provided, a steering handle 27 is coupled to the upper
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part of the front fork 26, and a front wheel WF is attached
to the lower part of the front fork 26. A rear fork 28 sup-
porting a rear wheel WR is pivoted at one of the rear parts
of the main frame 22 so as to be swingable vertically,
and a pair of right and left cushion units 29 are provided
between the seat stay 25 and the rear wheel WR.
[0024] Afueltank 31 is mounted on the main frame 22
and the coupling frame 24 so as to be positioned above
an engine E, and a tandem-type seat 32 is attached on
the seat stay 25.

[0025] The engine E is supported by the main frame
22 and coupling frame 24, and an output of the engine
E is transmitted to the rear wheel WR via a transmission
assembled in the engine E and a chain transmission unit
30. Aradiator 33 is disposed in front of the engine E. The
engine E can have a plurality of cylinders (four cylinders
in this case), and each cylinder is provided with a plurality
of intake ports and exhaust ports.

[0026] Fig. 3 is a cross section of a main portion of a
cylinder head of the engine E. Fig. 4 is a cross section
taken along line A-A of Fig. 3. The portions shown in the
diagrams of the number equal to the number of cylinders
are provided. In the diagrams, the cylinder head 40 is
provided with a first intake port 44 and a second intake
port 45 which open toward a combustion chamber 43
and a first exhaust port 46 and a second exhaust port 47
which open toward the combustion chamber 43. The first
intake port 44 and the first exhaust port 46 are disposed
almost symmetrical with respect to the center of the com-
bustion engine 43, and the second intake port 45 and the
second exhaust port 47 are similarly disposed.

[0027] Thefirstintake port 44 and the first exhaust port
46 have a stop intake valve and a stop exhaust valve,
respectively, which become inactive in a low rotational
speed zone. On the other hand, the second intake port
45 and the second exhaust port 47 have a regular intake
valve and a regular exhaust valve, respectively, which
are opened/closed at predetermined timings in associa-
tion with rotation of the engine irrespective of the engine
speed.

[0028] A first intake path 441 extended to the first in-
take port 44 and a second intake path 451 extended to
the second intake port 45 are integrated and connected
to an intake port 48. An intake pipe (not shown) is con-
nected to the intake port 48 and a fuel injection valve (not
shown) is provided for the intake pipe. Similarly, a first
exhaust path 461 extended to the first exhaust port 46
and a second exhaust path 471 extended to the second
exhaust port 47 are integrated and connected to an ex-
haust port 49. A not-illustrated exhaust pipe is coupled
to the exhaust port 49. As shown in Fig. 4, a coupling
path 50 is provided near to the combustion chamber 43
to couple the first intake path 441 and the second intake
path 451 of a bifurcated portion. Via the coupling path
50, a fuel accumulated in the first intake path 441 during
the stop intake valve is being stopped or closed escapes
to the second intake path 451 side.

[0029] Each ofthe firstand second intake ports 44 and
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45 and first and second exhaust ports 46 and 47 is pro-
vided with a valve mechanism for opening/closing the
port. The valve mechanisms for the first intake port 44
and the second exhaust port 47 will be described by re-
ferring to Fig. 3. Avalve element 51 as a stop intake valve
which is fit to the first intake port 44 has a stem 551 ex-
tending upward. The stem 511 is supported so as to be
slidable in a guide cylinder 52 fixed to the cylinder head
40. The upper end of the stem 511 is fit into a not-illus-
trated cam for intake valve via a valve stopping mecha-
nism 53.

[0030] The valve stopping mechanism 53 is a mecha-
nism for stopping transmission of driving force by an in-
take valve cam to the valve element 51 to hold the first
intake port 44 in a closed state in a scheduled low rota-
tional speed zone. A coil spring 54 for energizing the
stem 511 upward (in the direction of closing the valve) is
provided between the stem 511 and the cylinder head
40, and a coil spring (which will be described hereinlater)
is provided also between the valve stopping mechanism
53 and the cylinder head 40.

[0031] The valve element 55 fit to the second exhaust
port 47 has a stem 551 which is supported so as to be
slidable in a guide cylinder 56 fixed to the cylinder head
40. The upper end of the stem 551 is fit in a not-illustrated
cam for exhaust valve. A coil spring 57 for energizing the
stem 551 upward (in the direction of closing the valve) is
provided between the stem 551 and the cylinder head 40.
[0032] The valve mechanism of the second intake port
45 is constructed in a manner similar to the valve mech-
anism provided for the second exhaust port 47, and does
not have avalve stopping mechanism. On the other hand,
the first exhaust port 46 pairing with the first intake port
44 can have a valve stopping mechanism in a manner
similar to the first intake port 44. In this case, the cross-
sectional shape including the second intake port 45 and
the first exhaust port 46 is similar to the shape of Fig. 3
except that the right and left parts are reversed.

[0033] Subsequently, the valve stopping mechanism
53 will be described in detail. Fig. 5 is a cross section of
the valve stopping mechanism 53. A lifter 61 having a
bottomed cylinder shape is provided upside down so as
to be slidable in a supporting hole 60 provided for the
cylinder head 40. On the inside of the lifter 61, a pin holder
62 is fit. The pin holder 62 has an annular groove 621 in
its periphery. The outer circumferences of upper and low-
er flanges forming the annular groove 621 are in contact
with the inside of the lifter 61. The annular groove 621
and the inner face of the lifter 621 define a path of a
working fluid to be described hereinlater in teamwork with
each other.

[0034] Inthe pin holder 62, a space 622 for housing a
pin, that is, a plunger 63 so as to be slidable is formed.
The space 622 passes though the center of the pin holder
62 and extends in the diameter direction of the pin holder
62, and the plunger 63 is slidably housed in the space
622. In the space 622, a coil spring 64 for energizing the
plunger 63 to the right in the diagram is housed. The limit
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of deflection of the plunger 63 is specified by a stopper
pin 65. The stopper pin 65 specifies the limit of deflection
of the plunger 63 and also the position of the rotation
direction of the plunger 63 with respect to the pin holder
62. The pin holder 62 and plunger 63 have escape holes
623 and 631 which are aligned on the extension of the
stem 511 of the valve mechanism when the plunger 63
is deflected to the right part of the drawing and positioned
at the limit of deflection.

[0035] In the support hole 60, an annular groove 401
is formed along the circumferential direction of the lifter
61. The lifter 61 is provided with a communication port
611 connecting the annular groove 621 formed in the
periphery of the pin holder 62 and the annular groove
401. The positions of the annular grooves 401 and 621
and the communication port 611 are set so that they com-
municate with each other irrespective of the position of
the lifter 61 in the supporting hole 60.

[0036] A working fluid supplying path 65 connected to
the annular groove 401 is provided. The working fluid
supplying path 65 is connected to a working fluid supply-
ing source (not shown) via a working fluid control valve
(not shown). The working fluid is supplied to the working
fluid supplying path 65, annular groove 401, communi-
cation port 611, and annular path 621 and acts pressure
to the open end of the pin holder 62, that is, the right end
of the plunger 63 in the direction of making the coil spring
64 contract.

[0037] A coil spring 66 for energizing the lifter 61 up-
ward is provided between the lifter 61 and the cylinder
head 40. The upper end of the spring 54 for energizing
the valve element 51 upward is in contact with a stopper
512 fixed to the stem 511. On the other hand, the upper
end of the lifter 61 is in contact with an intake valve cam
67 and swings (in the vertical direction) along the periph-
ery of the cam 67 when the cam 67 turns.

[0038] Withthe configuration, in response to the intake
valve cam and the exhaust valve cam which rotate as
the engine rotates, the valve mechanisms provided for
the first and second intake ports 44 and 45 and first and
second exhaust ports 46 and 47 operate. The valve
mechanisms provided for the second intake port 45 and
second exhaust port 47 always perform operation of
opening/closing the valves in response to the intake valve
cam and exhaust valve cam. On the other hand, the valve
mechanisms provided for the first intake port 44 and the
first exhaust port 46 do not operate in the scheduled en-
gine low speed zone by the action of the valve stopping
mechanism 53 irrespective of rotation of the intake valve
cam and the exhaust valve cam. As a result, the valve
element 51 as a component of the valve mechanism is
maintained to be energized upward by the coil spring 54.
[0039] Specifically, the operation of making the first
intake port 44 remain closed is as follows. In an active
state of the valve mechanism, the working fluid is sup-
plied to the annular groove 401 via the working fluid sup-
plying path 65. The hydraulic pressure consequently acts
on the end portion (right end portion in the drawing) of
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the plunger 63 via the communication port 611 and an-
nular groove 621, and the plunger 63 makes the coil
spring 64 contract and is deflected to the left part in the
diagram. As a result, the escape holes 631 and 623 do
not align on the extension line of the stem 511 and the
upper end of the stem 511 faces the under face of the
plunger 63. Therefore, when the cam 67 rotates and the
lifter 61 is pressed downward in accordance with the de-
viation amount, the stem 511 pressed by the under face
of the plunger 63 goes down, the valve mechanism
opens, and the first intake port 44 is opened.

[0040] When the cam 67 rotates and comes into con-
tact with the lifter 61 in a portion of a small eccentricity
amount, the lifter 61 energized by the coil spring 66 fol-
lows the cam 67, accordingly, the stem 511 is pushed up
by the coil spring 54 and the valve is closed. In such a
manner, the first intake port 44 operates with the cam 67
rotating in association with the engine rotation.

[0041] On the other hand, in an inactive state of the
valve mechanism, the working fluid is allowed to escape
via a not-shown path, thereby lowering the hydraulic
pressure. Since the plunger 63 is energized by the coil
spring 64, the plunger 63 is deflected to the right part of
the drawing. As a result, the escape holes 631 and 623
are aligned on the extension line of the stem 511 and it
enablesthe upper end of the stem 511 to enter the escape
holes 631 and 623. Therefore, even when the cam 67
rotates and the lifter 61 is pressed downward by the ec-
centricity amount, the stem 511 escapes into the escape
holes 631 and 623, so that the stem 511 does not follow
the movement of the lifter 61. Therefore, the valve mech-
anism is held in a closed state and the first intake port
44 and the first exhaust port 46 remain closed. The valve
mechanism of the first intake port 44 and the valve mech-
anism of the first exhaust port 46 operate similarly.
[0042] The details of the valve stopping mechanism
53 are also disclosed in the publication (Japanese Un-
examined Patent Application No. 2000-20456) applied
by the inventor herein. To understand the present inven-
tion more, the invention disclosed in the publication can
be referred to.

[0043] A fuel supply control performed at the time of
switching the valve mechanism from the inactive state to
the active state will be described. In the embodiment, at
the time of switching, the fuel injection amount is set to
be smaller than the engine request fuel amount, and the
fuel-air mixture is controlled to be on the lean side.
[0044] Fig. 6is atiming chart of the fuel supply control.
In Fig. 6, by using a control switch rotational speed
NEVTC (for example, 6800 rpm) as a reference, when
engine speed NE is lower than the control switch rota-
tional speed NEVTC, the solenoid for supplying the hy-
draulic pressure to the valve stopping mechanism 53 is
turned off, so that the first intake port 44 and first exhaust
port 46 are maintained to be closed. On the other hand,
when the engine speed NE is higher than the control
switch rotational speed NEVTC, the solenoid for supply-
ing the hydraulic pressure to the valve stopping mecha-
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nism 53 is turned on so that the first intake port 44 and
the firstexhaust port 46 are opened/closed in accordance
with the engine speed.

[0045] Whenthe solenoidisturned on, the valves (stop
valves) provided for the first intake port 44 and the first
exhaust port 46 are driven after planned time (time cor-
responding to a lean-side restoration start timer tmKVTL-
NH which will be described hereinlater, for example, 50
msec) has elapsed since the solenoid is turned on.
[0046] A process of setting the air-fuel mixture to the
lean side, that is, lowering a lean-burn coefficient KVTLN
is executed at the time point when the engine speed ex-
ceeds a lower-limit rotational speed NEVTCL (for exam-
ple, 6400 rpm). After the engine speed exceeds the low-
er-limit rotational speed NEVTCL, the lean-burn coeffi-
cient KVTLN is lowered step by step (lean-burn coeffi-
cienttransition amount) every predetermined process cy-
cle to the scheduled minimum lean coefficient (for exam-
ple, 0.57). The lower the engine cooling water tempera-
tureis, the lower the minimum lean-burn coefficientis set.
[0047] When the lean-burn coefficient KVTLN is held
in the lean state (1.0 or less) for planned time, that is,
when the engine speed is stable in a planned low rota-
tional speed zone, the lean-burn coefficient KVTLN is
controlled to 1.0 again. After the stop valve is driven, a
process of restoring the lean-burn coefficient KVTLN is
performed. The process of restoring the lean-burn coef-
ficient KVTLN is increased step by step (by a lean-burn
coefficient restoration amount).

[0048] The fuel injection amount is determined by a
known method by using a map or the like in accordance
with the engine request fuel amount determined by using
various parameters. By multiplying the determined fuel
injection amount with the lean-burn coefficient KVTLN,
the fuel injection amount is corrected. From the lower-
limit rotational speed NEVTCL, the air-fuel mixture is be-
coming lean and is maintained in a lean state until the
operation of restoring the lean-burn coefficient KVTLN is
completed. There is a case such that the fuel accumu-
lated in the intake path on the stopped side flows in at
once at the time of valve opening operation, and A/F ratio
temporarily drops from the stoichiometric A/F ratio. How-
ever, according to the embodiment, the lean-burn oper-
ation of reducing the fuel supply amount is performed in
advance, so that a sudden drop in the A/F ratio is sup-
pressed.

[0049] Figs. 7 and 8 are flowcharts of fuel supply con-
trol and, particularly, flowcharts of a coefficient used to
setting the air-fuel mixture to the lean side. In Fig. 7, in
step S1 whether the lean-burn coefficient KVTLN for de-
termining the degree of setting the air-fuel mixture to the
lean side is lower than 1.0 or not is determined. If the
lean coefficient KVTLN is not lower than 1.0, the program
advances to step S2 where the transmission is switched
to either a high gear ratio (low gear side) or a low gear
ratio (high gear side) is determined according to whether
the ratio NE/V between the engine speed NE and vehicle
speed V is higher than a threshold value or not in order
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to set data according to the switch position of the trans-
mission.

[0050] At the time of low gear side, the program ad-
vances to step S3. At the time of the high gear side, the
program advances to step S4. In steps S3 and S4, data
for the low gear side and data for the high gear side are
set. Data of a lean-burn lower-limit throttle angle (here-
inbelow, called "lower-limit throttle angle") THVTLN, a
lean-burn lower-limit engine speed (lower-limit engine
speed) NEVTCL, data TMKVTH for a lean-burn restoring
timer atthe time of four valves (in a state where four valve
mechanisms of cylinders are active), data TMKVTL for
a lean-burn restoring timer at the time of two valves (in
a state where a pair of intake and exhaust valves out of
the four valve mechanisms of cylinders are active), lean-
burn coefficient transition amount DKVTL at the time of
two valves, and a lean-burn coefficient restoring amount
DKTLD at the time of four valves are read from a storage
(such as a ROM) and the read data is set. The last digit
"1" of a reference numeral of data which is set indicates
data for the low gear side, and the last digit "2" indicates
data for the high gear side.

[0051] Insteps S5and S6, tablesinwhichthe minimum
lean-burn coefficients TW-KVTLNOL and TW-KVTL-
NOH are set in correspondence with engine water tem-
perature are searched, and the minimum lean-burn co-
efficient KVTLNO is set.

[0052] In step S7, a flag F-VTSH indicating whether
the solenoid for applying a hydraulic pressure of a work-
ing fluid to the valve stopping mechanism 53 is ON or
not is discriminated. When the solenoid is ON, it is as-
sumed that the plunger 63 of the valve stopping mecha-
nism 53 is energized by the hydraulic pressure and the
valve mechanism is in a state of moving in response to
the cam 67 (active state). When the solenoid is ON, the
program advances to step S8.

[0053] In step S8, the data TMKVTL for the lean-burn
restoring timer at the time of two valves is set to the lean-
burn restoring timer tmKVTL at the time of two valves. In
step S9, whether the lean-burn restoration starting timer
tmKVTLNH at the time of four valves becomes "0" or less
is determined. The value of the timer tmKVTLNH corre-
sponds to delay time since the solenoid is energized until
the operation of restoring the lean-burn coefficient
KVTLN to 1.0 is started. If YES in step S9, the program
advances to step S10 where whether the lean-burn co-
efficient KVTLN is lower than 1.0 or not is determined.
[0054] Ifthe lean-burn coefficient KVTLN is lower than
1.0, the program advances so step S11, a lean-burn res-
toration amount DKVTLD is added to the present lean-
burn coefficient KVTLN, thereby updating the lean-burn
coefficient KVTLN. In step S12, whether the lean-burn
coefficient KVTLN becomes equal to or higher than 1.0
is determined. If YES in step S12, that is, when the lean-
burn coefficient KVTLN has been restored to 1.0 or high-
er, the program advances to step S13 where 1.0 is set
as the lean-burn coefficient KVTLN. On the other hand,
also in the case where it is determined in step S10 that
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the lean-burn coefficient KVTLN is not less than 1.0, the
program advances to step S13 where 1.0 is set as the
lean-burn coefficient KVTLN.

[0055] As described above, when the solenoid is ON,
thatis, when all the valve mechanisms regarding the first
and second intake ports 44 and 45 and the first and sec-
ond exhaust ports 46 and 47 are switched to a state where
they are always active (at the time of four valves), the
lean-burn coefficient KVTLN is restored to 1.0. Conse-
quently, the fuel supply amount is controlled so that the
air-fuel mixture is set as the engine requires, and the
operation of setting the air-fuel mixture to the lean side
is canceled.

[0056] When itis determined in step S7 that the sole-
noid is OFF, the two-valve state is determined. A process
performed at the time of two valves will be described by
referring to Fig. 8. In Fig. 8, in step S14, the data TMKVTH
for the lean-burn restoring timer at the time of four valves
is set to the lean-burn restoring timer tmKVTH at the time
of four valves. In step S15, whether switching from the
four-valve state to the two-valve state is permitted or not
is determined by detecting the flag F-TWVTS. When the
cooling water temperature of the engine E is higher than
a planned value, it is regarded that warming-up is fin-
ished, the switching to the two-valve state is permitted,
and the flag F-TWVTS is set (= 1). On the other hand,
when the cooling water temperature of the engine E is
lower than the planned value, itis regarded that warming-
up is not performed, the switching to the two-valve state
is inhibited, and the flag F-TWVTS is cleared (= 0).
[0057] If the switching to the two-valve state is permit-
ted, the program advances to step S16 and whether the
engine E is in a no-load state or not is determined on the
basis of a flag F-NOLOAD. For example, when the clutch
is off or the transmission is in the neutral position, it is
regarded that there is no load, and the flag F-NOLOAD
is set. When the clutch is on or the transmission is in a
position other than the neutral position, it is regarded that
a load is applied, and the flag F-NOLOAD is cleared.
[0058] Wohen aload is applied, the program advances
to step S17 and whether the throttle angle TH is equal
to or larger than the lower-limit throttle angle THVTLN or
notis determined. Thatis, when the throttle angle is equal
to or lower than the lower-limit throttle angle, the opera-
tion of setting the air-fuel mixture to the lean side is not
performed. If YES in step S17, the program advances to
step S18 where whether the engine speed is equal to or
higher than the lower-limit rotational speed NEVTCL is
determined. Thatis, when the engine speed is lower than
the lower-limit rotation speed, the operation of setting the
air-fuel mixture to the lean side is not performed.
[0059] Inthe casewhere the engine watertemperature
is higher than the scheduled temperature (YES in step
S15), aload is applied to the engine E (NO in step S16),
and each of the throttle angle TH and the engine speed
NE exceeds its corresponding lower limit value (YES in
steps S17 and S18), the program advances to step S19.
[0060] Instep519,whetherthe lean-burnrestoringtim-
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er tmKVTL at the time of two valves is equal to or smaller
than "0" is determined. If NO in step S19, the program
advances to step S20 and whether or not the present
lean-burn coefficient KVTLN is equal to or lower than the
minimum lean-burn coefficient KVTLNO is determined.
That is, whether or not the lean-burn coefficient KVTLN
is reduced to the minimum lean-burn coefficient KVTLNO
corresponding to the engine water temperature is deter-
mined. If YES in step S20, the program advances to step
S21 where the lean-burn coefficient KVTLN is replaced
with a table value KVTLNO

[0061] If the present lean-burn coefficient KVTLN is
not equal to or lower than the minimum lean-burn coef-
ficient KVTLNO, the program advancesto step S22 where
the lean-burn coefficient transition amount DKVTL is sub-
tracted from the present lean-burn coefficient KVTLN,
thereby updating the lean-burn coefficient KVTLN. In
step S23, in a manner similar to step S20, whether the
present lean-burn coefficient KVTLN is equal to or lower
than the minimum lean-burn coefficient KVTLNO or not
is determined. If YES, the program goes to step S21.
[0062] In such a manner, the lean-burn coefficient
KVTLN is reduced to the scheduled minimum lean-burn
coefficient KVTLNO in stages each only by the lean-burn
coefficient transition amount DKVTL.

[0063] If YES in step S19, that is, when the lean-burn
restoring timer tmKVTL at the time of two valves is "0" or
less, it is determined that the time scheduled to maintain
the lean-burn state has elapsed, the program advances
to step S24 where a process of restoring the lean-burn
coefficient KVTLN is started. First, in step S24, whether
the lean-burn coefficient KVTLN is lower than 1.0 or not
is determined. If NO, the program advances to step S25
where 1.0 is set as the lean-burn coefficient KVTLN. If
the lean-burn coefficient KVTLN is lower than 1.0, the
process of setting the A/F mixture to the lean side is being
performed. Consequently, the program advances from
step S24to step S26 where the lean-burn coefficient tran-
sition amount DKVTL is added to the present lean-burn
coefficient KVTLN, thereby updating the lean-burn value
KVTLN. In step S27, whether the lean-burn coefficient
KVTLN is 1.0 or higher is determined. If YES in step S27,
the program goes to step S25.

[0064] If NOinstep S15, YES in step S16, NO in step
S17, or NO in step S18, the program advances to step
S28 where the data TMKVTL for the lean-burn restoring
timer at the time of two valves is set to the lean-burn
restoring timer tmKVTL at the time of two valves. In step
S29, whether the lean-burn coefficient KVTLN is lower
than 1.0 or not is determined. If NO in step S29, 1.0 is
set as the lean-burn value KVTLN in step S30. If the lean-
burn coefficient KVTLN is lower than 1.0, the program
advances from step S29 to step S31 where the lean-burn
coefficient transition amount DKVTL is added to the
present lean-burn coefficient KVTLN, thereby updating
the lean-burn coefficient KVTLN. In step S32, whether
the lean-burn coefficient KVTLN is restored to 1.0 or high-
er is determined. If YES, it is regarded that the restoring
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operation has been completed, and the program goes to
step S30 where 1.0 is set as the lean-burn value KVTLN.
[0065] Fig. 1is a block diagram showing the functions
in the main portion for calculating the lean-burn coeffi-
cient. In the diagram, an engine speed detecting unit 4
detects the engine speed NE on the basis of an output
of an engine speed sensor 5. A solenoid control unit 6
outputs a command of driving a solenoid 7 for supplying
a hydraulic pressure to the valve stopping mechanism
53 when the engine speed is equal to or higher than the
control switch rotational speed NEVTEC. The solenoid
7 energizes a working fluid supplying source 8 to make
the hydraulic pressure act on the valve stopping mech-
anism 53. A throttle angle detecting unit 9 detects a turn
angle of a throttle sensor 10 to detect the throttle angle.
[0066] An engine speed zone determining unit 11 de-
termines a scheduled zone for lean-burn in which the
engine speed NE lies on the basis of the engine speed
NE, throttle angle TH, the command of driving the sole-
noid, and the lean-burn lower-limit rotational speed
NEVTCL. Whenthe engine speed NE is equal to or higher
than the lower-limit rotational speed NEVTCL, the throttle
angle is equal to or larger than the lower-limit angle, and
the command of driving the solenoid is off, a lean-burn
coefficient reducing unit 12 is energized to reduce the
lean-burn coefficient KVTLN.

[0067] When the solenoid driving command enters an
ON state, the lean-burn coefficient restoring unit 13 is
energized, and a process of restoring (increasing) the
lean-burn coefficient KVTLN is performed. The restoring
processis finished when the lean-burn coefficient KVTLN
reaches 1.0. Also in the case

where the lean-burn coefficient reducing unit 12 is ener-
gizedfor scheduledtime, alean-burn coefficient restoring
unit 13 is energized.

[0068] The lean-burn coefficient KVTLN of a lean-burn
coefficient setting unit 14 is increased/decreased by the
lean-burn coefficient reducing unit 12 or the lean-burn
coefficient restoring unit 13. The resultant lean-burn co-
efficient KVTLN is supplied to a fuel injection amount
calculating unit 15 where the fuel injection amount is cal-
culated in consideration of the operation of setting the
air-fuel mixture to the lean side. According to a duty ratio
of ON time and OFF time based on the calculated fuel
injection amount, a fuel injection valve 16 is driven.
[0069] In the foregoing embodiment, as a valve stop-
ping mechanism, a hydraulic one is assumed. However,
the invention is not limited to the above but can be widely
applied to an engine including a mechanism for holding
atleast one intake port among a plurality of pairs of intake
and exhaust ports in a closed state in a scheduled low
rotational speed zone irrespective of rotation of the en-
gine.

[0070] The invention avoids an over-rich state which
temporarily occurs when a stop valve is switched from
an inactive state to an active state.

To achieve this, a valve stopping mechanism 53 holds
at least one of a plurality of intake valves provided for
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each cylinder in a closed state in a scheduled engine
speed zone. A fuel injection valve 16 is provided at a
common intake path which is branched to a plurality of
intake ports 441 and 451 which are opened/closed with
a plurality of intake valves. A fuel injection amount cal-
culating unit 15 determines a fuel request amount on the
basis of an engine state. A lean-burn coefficient reducing
unit 13 decreases a lean-burn coefficient with respect to
a fuel request amount to set an air-fuel mixture to the
lean side in an operation zone which is out of the sched-
uled engine speed zone and in which the valve stopping
mechanism 53 is switched to the inactive state. The op-
eration of setting the air-fuel mixture to the lean side is
performed in stages.

Claims

1. A fuel injection control apparatus for determining a
fuel request amount on the basis of an engine state,
comprising:

valve stopping means (53) for holding, in an ac-
tive state thereof, at least one of a plurality of
intake valves (52) provided for each cylinder in
a closed state in a scheduled operation zone;
a fuel injection system including a fuel injection
valve (16) provided for a common intake path
which is branched to a plurality of intake ports
(441, 451) opened/closed by said plurality of in-
take valves (52), and

lean-burn means (11-15) for correcting an air/
fuel ratio (A/F) to a lean side with respect to said
fuel request amount in a lean-burn operation
zone which is out of said scheduled operation
zone and in which said valve stopping means
(53) is switched to an inactive state, wherein the
at least one intake valve (52) is opened/closed
in accordance with engine rotational speed
(NE),

characterized in that

the lean-burn means (11-15) corrects the air/fuel
ratio (A/F) to the lean side in stages when the
engine rotational speed (NE) exceeds a lower-
limit rotational speed (NEVTCL) while the valve
stopping means (53) is in its active state, and
cancels the lean-burn correction in stages when
the engine rotational speed (NE) exceeds a con-
trol switch rotational speed (NEVTC) which is
higher than the lower-limit rotational speed
(NEVTCL) and at which a solenoid is operated
for switching the valve stopping means (53) to
its inactive state.

2. The fuel injection control apparatus according to
claim 1,
further comprising means for detecting an engine
temperature,
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characterized in that the degree of correcting the
air/fuel ratio (A/F) to the lean side by said lean-burn
means (11 - 15) is determined to be high when the
engine temperature is low and to be low when the
engine temperature is high.

The fuel injection control apparatus according to
claim 1,

characterized in that when said lean-burn correc-
tion is continued for planned time or longer, the lean-
burn correction is canceled in stages.

Patentanspriiche

1.

Kraftstoffeinspritz- Steuerungs/- Regelungsvorrich-
tung zur Bestimmung einer Kraftstoffanforderungs-
menge auf der Basis eines
Motorzustands, umfassend:

ein Ventilstoppmittel (53), um, in einem aktiven
Zustand davon, zumindest eines einer Mehrzahl
von Einlassventilen (52), die fir jeden Zylinder
vorgesehen sind, in einer planmafRigen Be-
triebszone in einem geschlossenen Zustand zu
halten;

ein Kraftstoffeinspritzsystem, welches ein Kraft-
stoffeinspritzventil (16) enthalt, das fiir einen ge-
meinsamen Einlassweg vorgesehen ist, der zu
einer Mehrzahl von Ansaugoffnungen (441,
451) verzweigt ist, die durch die Mehrzahl von
Einlassventilen (52) gedéffnet/geschlossen wer-
den, und

ein Magerverbrennungsmittel (11-15) zum Kor-
rigieren eines Luft-Kraftstoff-Verhaltnisses
(A/F) zu einer mageren Seite in Bezug auf die
Kraftstoffanforderungsmenge in einer Mager-
verbrennungsbetriebszone, die aul3erhalb der
planmé&Rigen Betriebszone liegt und in der das
Ventilstoppmittel (53) zu einem inaktiven Zu-
stand geschaltet wird, worin das zumindest eine
Einlassventil (52) gemaR der Motordrehzahl
(NE) gedffnet/geschlossen wird,

dadurch gekennzeichnet, dass das Magerver-
brennungsmittel (11-15) das Luft-Kraftstoff-Verhalt-
nis (A/F) zur mageren Seite hin in Stufen korrigiert,
wenn die Motordrehzahl (NE) eine Untergrenzdreh-
zahl (NEVTCL) Uberschreitet, wahrend das Ventil-
stoppmittel (53) in seinem aktiven Zustand ist, und
die Magerverbrennungskorrektur in Stufen aufhebt,
wenn die Motordrehzahl (NE) eine Steuerschalt-
drehzahl (NEVTC) uberschreitet, welche hoher ist
als die Untergrenzdrehzahl (NEVTCL) und bei der
das Solenoid betatigt wird, um das Ventilstoppmittel
(53) in dessen inaktiven Zustand zu schalten.

Kraftstoffeinspritz- Steuerungs/- Regelungsvorrich-
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tung nach Anspruch 1, die ferner ein Mittel zum Er-
fassen einer Motortemperatur umfasst,dadurch ge-
kennzeichnet, dass der Grad der Korrektur des
Luft-Kraftstoff-Verhaltnisses (A/F) zu mageren Seite
durch das Magerverbrennungsmittel (11-15) als
hoch bestimmtwird, wenn die Motortemperatur nied-
rig ist, und als niedrig, wenn die Motortemperatur
hoch ist.

Kraftstoffeinspritz- Steuerungs/- Regelungsvorrich-
tung nach Anspruch 1, dadurch gekennzeichnet,
dass dann, wenn die Magerverbrennungskorrektur
fur eine geplante Zeit oder langer fortgesetzt wird,
die Magerverbrennungskorrektur in Stufen aufgeho-
ben wird.

Revendications

Appareil de commande d'injection de carburant per-
mettant de déterminer une quantité de demande de
carburant sur la base dun état de moteur,
comprenant :

des moyens d'arrétde soupapes (53) pour main-
tenir, dans un état actif de ceux-ci, au moins
'une d’'une pluralité de soupapes d’admission
(52) prévues pour chaque cylindre, dans un état
fermé, dans une zone de fonctionnement
prévue ;

un circuit d’'injection de carburant comprenant
une soupape d’injection de carburant (16) pré-
vue pour un trajet d’'admission commun qui est
raccordé a une pluralité d'orifices d’admission
ouverts/fermés (441, 451) par ladite pluralité de
soupapes d’admission (52), et

des moyens de mélange pauvre (11 a 15) pour
corriger un rapport (A/F) air/carburant vers un
cOté pauvre, par rapport a ladite quantité de de-
mande de carburant dans une zone de fonction-
nementamélange pauvre qui se situe en dehors
de ladite zone de fonctionnement prévue et dans
laquelle ledit moyen d’arrét de soupapes (53)
est commuté dans un état inactif, dans lequel la
au moins une soupape d’admission est ouverte/
fermée (52) conformément a la vitesse de rota-
tion du moteur(NE),

caractérisé en ce que

le moyen de mélange pauvre (11 a 15) cor-
rige le rapport air/carburant (A/F) vers le c6-
té pauvre, au cours de phases ou la vitesse
de rotation du moteur (NE) dépasse une vi-
tesse de rotation de limite inférieure (NE-
VTCL), tandis que le moyen d’arrét de sou-
papes (53) est dans son état actif, et annule
la correction par mélange pauvre au cours
de phases ou la vitesse de rotation du mo-
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teur (NE) dépasse une vitesse de rotation
de commutateur de commande (NEVTC)
qui est supérieure a la vitesse de rotation
de limite inférieure (NEVTCL) et & laquelle
un solénoide est actionné pour commuter
le moyen d'arrét de soupapes (53) dans son
état inactif.

Appareil de commande d’injection de carburant se-
lon la revendication 1, comprenant, en outre, des
moyens permettant de détecter une température du
moteur, caractérisé en ce que le degré de correc-
tion du rapport air/carburant (A/F) vers le c6té pau-
vre, par ledit moyen de mélange pauvre (11 a 15),
est déterminé pour étre haut lorsque la température
du moteur est basse et est déterminé pour étre bas
lorsque la température du moteur est élevée.

Appareil de commande d’injection de carburant se-
lon la revendication 1, caractérisé en ce que lors-
que ladite correction par mélange pauvre se poursulit
pendant une durée prévue ou plus longtemps, la cor-
rection par mélange pauvre est annulée a des pha-
ses.
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