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operating condition after shift is predicted at a timing at
which fuel-cut condition is satisfied. When it is predicted
that fuel efficiency of a case where fuel-cut is not per-
formed is relatively improved, the fuel-cut is not going to
be performed. On the other hand, when it is predicted
that fuel efficiency of a case where the fuel-cut is per-
formed is relatively improved, the fuel-cut is going to be

EGR, when it is predicted that fuel efficiency improving
effect by EGR after shift is relatively large, the fuel-cut is
not going to be performed, whereas when it is predicted
that fuel efficiency improving effect by EGR after shift is
relatively small, the fuel-cut is going to be performed.
With this, fuel efficiency of vehicle can be relatively im-
proved upon shifting during execution of EGR.
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Description

[0001] The presentinvention relates to a control meth-
odfor aninternal combustion engine mounted in a vehicle
having a manual transmission and a control device for
the internal combustion engine.

Background Art

[0002] For instance, Patent Document 1 discloses a
recirculation exhaust gas amount control device for an
internal combustion engine which recirculates, as EGR
gas, a part of exhaust gas exhausted from a combustion
chamber of the internal combustion engine, to an intake
passage according to an engine operating state.

[0003] In this Patent Document 1, a transmission is a
manual transmission, and when performing fuel-cut that
stops fuel supply to the internal combustion engine with
an accelerator pedal released upon shifting (upon chang-
ing gear), an inside of an exhaust pipe is filled with fresh
air.

[0004] Inthe Patent Document 1, however, even if the
fuel-cut is ended, it is impossible to recirculate the EGR
gas to the intake passage until the inside of the exhaust
pipe is filled with the exhaust gas. Especially in a case
where the shift is frequently carried out, a state in which
the EGR gas cannot be introduced into the intake pas-
sage continues for a long time. For this reason, there is
a risk of not obtaining a fuel efficiency improving effect
that can be obtained by introducing the EGR gas into the
intake passage upon shifting during execution of EGR.

Citation List
Patent Document

[0005]
3887986

Patent Document 1: Japanese Patent No.

Summary of the Invention

[0006] The presentinvention determines, on the basis
of a vehicle operating condition at a time of the shift,
whether the fuel-cut that stops the fuel supply to the in-
ternal combustion engine is performed or not upon shift-
ing during execution of the EGR that recirculates the EGR
gas to the intake passage.

[0007] If the fuel-cut is performed upon shifting, it is
not possible to immediately perform the EGR at the time
of ending the fuel-cut after completion of the shift. This
is because an exhaust passage is filled with fresh air (air)
during the fuel-cut.

[0008] Accordingtothe presentinvention, itis possible
to relatively improve fuel efficiency of the vehicle upon
shifting during execution of the EGR.
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Brief Description of Drawings
[0009]

Fig. 1is an explanatory drawing schematically show-
ing system of a control device for an internal com-
bustion engine according to the present invention.
Fig. 2 is a timing chart in a case where fuel-cut is
performed upon shifting.

Fig. 3 is a timing chart in a case where the fuel-cut
is not performed upon shifting.

Fig. 4 is an explanatory drawing schematically show-
ing a change of an operating state (an operating con-
dition) in a case where a vehicle accelerates by the
shift (gear change).

Fig. 5is an explanatory drawing schematically show-
ing a change of the operating state in a case where
the vehicle decelerates by the shift.

Fig. 6 is an explanatory drawing schematically show-
ing a change of the operating state in a case where
a vehicle speed does not change by the shift.

Fig. 7 is a flow chart schematically showing a control
method for the internal combustion engine according
to the present invention.

Embodiments for carrying out the Invention

[0010] In the following description, an embodiment of
the present invention will be explained on the basis of
the drawings. Fig. 1 is an explanatory drawing schemat-
ically showing system of a control device for an internal
combustion engine according to the present invention.
[0011] An internal combustion engine 1 is mounted as
a driving source in a vehicle such as an automobile. An
intake passage 2 and an exhaust passage 3 are con-
nected to the internal combustion engine 1.

[0012] The internal combustion engine 1 is supplied
with fuel by a fuel injection valve (not shown). The fuel
injection valve is, for instance, a valve that directly injects
the fuel into a cylinder (a cylinder (not shown) of the in-
ternal combustion engine 1), or might be a valve that
injects the fuel into an intake port (not shown) of the in-
ternal combustion engine 1.

[0013] The intake passage 2 is provided with an air
flow meter 4 for detecting a quantity of intake air and an
electrically operated throttle valve 5 for regulating the
quantity of the intake air. The air flow meter 4 is located
at an upstream side of the throttle valve 5.

[0014] The exhaust passage 3 is provided with an up-
stream-side exhaust catalyst 6 such as a three-way cat-
alyst and a downstream-side exhaust catalyst 7 such as
the three-way catalyst. The downstream-side exhaust
catalyst 7 is located at a downstream side of the up-
stream-side exhaust catalyst 6.

[0015] Further,the internal combustion engine 1is pro-
vided with a turbo supercharger 8 as a supercharger hav-
ing a compressor 9 disposed in the intake passage 2 and
aturbine 10 disposed inthe exhaust passage 3 with these
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compressor 9 and turbine 10 coaxially arranged with
each other. The compressor 9 is positioned at an up-
stream side with respect to the throttle valve 5, and is
positioned at a downstream side with respect to the air
flow meter 4. The turbine 10 is positioned at an upstream
side with respect to the upstream-side exhaust catalyst 6.
[0016] Arecirculation passage 11 bypassing the com-
pressor 9 and connecting an upstream side and a down-
stream side of the compressor 9 is connected to the in-
take passage 2. In the recirculation passage 11, an elec-
trically operated recirculation valve 12 that controls a flow
amount of intake air flowing in the recirculation passage
11 is installed.

[0017] In addition, an intercooler 13 that cools intake
air compressed (pressurized) by the compressor 9is pro-
vided at an upstream side of the throttle valve 5 in the
intake passage 2.

[0018] An exhaust bypass passage 14 bypassing the
turbine 10 and connecting an upstream side and a down-
stream side of the turbine 10 is connected to the exhaust
passage 3. Adownstream side end of the exhaust bypass
passage 14 is connected to the exhaust passage 3 in an
upstream position with respect to the upstream-side ex-
haust catalyst 6. In the exhaust bypass passage 14, an
electrically operated waste gate valve 15 that controls a
flow amount of exhaust air flowing in the exhaust bypass
passage 14 is installed.

[0019] The internal combustion engine 1 is an exhaust
gas recirculation (EGR) -capable engine, and an EGR
passage 16 branching off from the exhaust passage 3
and connecting to the intake passage 2 is provided. One
end of the EGR passage 16 is connected to the exhaust
passage 3 between the upstream-side exhaust catalyst
6 and the downstream-side exhaust catalyst 7, and the
other end of the EGR passage 16 is connected to the
intake passage 2 in a downstream position of the air flow
meter 4 and in an upstream position of the compressor
9. In this EGR passage 16, an electrically operated EGR
valve 17 that regulates or controls a flow amount of EGR
gas in the EGR passage 16 and an EGR cooler 18 that
can cool the EGR gas are provided. Opening and closing
operation of the EGR valve 17 is controlled by a control
unit 21.

[0020] The control unit 21 inputs a detection signal of
the above-mentioned air flow meter 4, and also inputs
detection signals from various sensors of a crank angle
sensor 22 that detects an engine rotation speed and a
crank angle position of the internal combustion engine
1, an accelerator opening degree sensor 23 that detects
a depression amount (an accelerator opening degree) of
an accelerator pedal operated by a driver, an EGR gas
temperature sensor 24 that detects temperature of the
EGR gas introduced into the intake passage 2, an EGR
passage pressure sensor 25 that detects arelative pres-
sure of front-and-back (upstream and downstream sides)
of the EGR valve 17 in the EGR passage 16, an exhaust
temperature sensor 26 that detects temperature of ex-
haust flowing into the upstream-side exhaust catalyst 6,
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a vehicle speed sensor 27 that detects a speed of the
vehicle, an acceleration sensor 28 that detects an accel-
eration of the vehicle, and so on. A required torque of the
internal combustion engine 1 is calculated using a de-
tection value of the accelerator opening degree sensor
23.

[0021] The control unit 21 performs controls of an ig-
nition timing, an air-fuel ratio etc. of the internal combus-
tion engine 1 on the basis of these detection signals .
The control unit 21 also performs an exhaust gas recir-
culation control (an EGR control) that recirculates a part
of the exhaust gas from the exhaust passage 3 to the
intake passage 2 on the basis of the detection signals by
controlling the opening degree of the EGR valve 17. With
this EGR control, the EGR valve 17 opens when a vehicle
operating condition (or a vehicle operating state) is in a
predetermined operating region (an EGR region), where-
as the EGR valve 17 closes when the vehicle operating
condition is in a region (a non-EGR region) outside the
predetermined operating region (the EGR region).
[0022] Here, each opening degree of the throttle valve
5, the recirculation valve 12 and the waste gate valve 15
is also controlled by the control unit 21. As the recircula-
tion valve 12, itis possible to use a so-called check valve
that opens only when a pressure at a downstream side
of the compressor 9is a predetermined pressure or more,
which is not a valve that is open-and-closure-controlled
by the control unit 21.

[0023] Adrivingforce oftheinternal combustion engine
1 is transmitted to a driving wheel (not shown) of the
vehicle while undergoing shift (speed change or gear
change) by a manual transmission 31. When carrying
out the shift by the manual transmission 31, the driver
depresses a clutch pedal (not shown), then a clutch (not
shown) disposed between the internal combustion en-
gine 1 and the manual transmission 31 is disengaged.
Further, the driver operates a shift lever (not shown) in
a state in which the clutch is disengaged, then the driver
shifts a gear to a desired shift position (or gear position).
A series of shift operation is completed by stopping (fin-
ishing) the depression of the clutch pedal and engaging
the clutch by the driver.

[0024] The clutch pedal operation is detected by a
clutch pedal switch 32. The clutch pedal switch 32 is a
switch that outputs an ON/OFF signal according to a po-
sition of the clutch pedal. When the clutch is disengaged
(when the clutch pedal is depressed), the signal is ON,
whereas in a state except this ON, the signal is OFF.
[0025] A position of the shift lever is detected by a shift
position sensor 33. From this shift lever position, the shift
position (a transmission ratio) of the manual transmission
31 is judged or distinguished.

[0026] Each signal from these clutch pedal switch 32
and shift position sensor 33 is also inputted to the control
unit 21.

[0027] Further, the control unit 21 inputs signals from
a vehicle-mounted car navigation system 34 and a vehi-
cle-mounted following distance detection system 35 that
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detects a vehicle distance (following distance) from a ve-
hicle ahead.

[0028] The car navigation system 34 has a GPS re-
ceiver, and outputs information about road on which the
vehicle is travelling such as a limiting speed (a regulation
speed) and a gradient of the road from a current position
of the vehicle and map information.

[0029] Thefollowingdistance detection system 35 has,
for instance, a millimeter wave radar or a camera etc. ,
and outputs a detected vehicle distance from a vehicle
ahead to the control unit 21. In a case of the radar, by
measuring a reflected wave of a radiating radio wave,
the following distance is calculated. In a case of the cam-
era, by analyzing information of image from the camera,
the following distance is calculated.

[0030] When a predetermined fuel-cut condition is sat-
isfied, the control unit 21 performs fuel-cut that stops fuel
supply to the internal combustion engine 1. The fuel-cut
condition is satisfied, for instance, when the engine ro-
tation speed is equal to or higher than a predetermined
fuel-cut rotation speed and the accelerator opening de-
gree (APO)is equalto or less than a predetermined open-
ing degree after completion of warming-up. When the
fuel-cut condition is satisfied, the control unit21 executes
a fuel-cut control. In the fuel-cut control of the present
embodiment, when the fuel-cut condition is satisfied, the
fuel supply to the internal combustion engine 1 is stopped
after a lapse of a predetermined fuel-cut delay time from
this time point of the satisfaction of the fuel-cut condition.
[0031] Then, when a predetermined fuel-cut recovery
condition is satisfied during the fuel-cut, the control unit
21 resumes the fuel supply to the internal combustion
engine 1. The fuel-cut recovery condition is satisfied, for
instance, when the accelerator opening degree (APO) is
larger than the predetermined opening degree, or when
the engine rotation speed is equal to or less than a pre-
determined fuel-cut recovery rotation speed without de-
pression of the accelerator pedal.

[0032] In the present embodiment described above,
since the transmission is the manual transmission 31,
the accelerator opening degree (APO) becomes the pre-
determined opening degree or less (fully closed) upon
shifting. Because of this, the fuel-cut condition is satisfied
at the time of carrying out the shift.

[0033] Here, in a case where the shift is carried out
during execution of the EGR, when the fuel-cut is per-
formed upon shifting, an inside of the exhaust passage
3 at the time of finishing the fuel-cut is filled with fresh
air. Therefore, as shown in Fig. 2, even if the vehicle
operating condition is in the EGR region, which can per-
form the EGR, at the time of finishing the fuel-cut imme-
diately after completion of the shift, it is not possible to
immediately resume the EGR.

[0034] In Fig. 2, the vehicle operating condition is in
the EGR region also after time t1. That is, the vehicle
operating condition at time t3 at which the fuel-cut is fin-
ished is in the EGR region. However, in Fig. 2, even
though the fuel-cut is finished, the EGR is forbidden until
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a timing of time t4 at which the inside of the exhaust
passage 3 is filled with the exhaust gas. In other words,
in Fig. 2, even if the fuel-cut is finished, the EGR is for-
bidden until the timing of time t4 at which a predetermined
time Tf elapses from time t3. The predetermined time Tf
corresponds to a time (a time period) from resumption of
the fuel supply to the internal combustion engine 1 in a
state in which the inside of the exhaust passage 3 is filled
with the fresh air until the exhaust passage 3 is filled with
the exhaust gas.

[0035] Here, in Fig. 2, the fuel-cut condition is satisfied
at time t1, and the fuel-cut is started at time t2 at which
afirst delay time T1 elapses from time t1. The first delay
time T1 is a predetermined fuel-cut delay time. Further,
in Fig. 2, the gear is shifted up (upshift is carried out)
during a time period from time t1 to time t3 for which the
clutch is disengaged. Furthermore, in Fig. 2, the fuel-cut
condition is satisfied also at time t5, and the fuel-cut is
started at time t6 at which the first delay time T1 elapses
from time t5. Further, in Fig. 2, the gear is shifted up
(upshift is carried out) during a time period from time t5
to time t7 for which the clutch is disengaged. Further-
more, although the fuel-cut s finished at time t7, the EGR
is forbidden until a timing of time t8 at which the inside
of the exhaust passage 3 is filled with the exhaust gas.
Time 8 is a timing at which the predetermined time Tf
elapses from time t7.

[0036] Here, in a case where the fuel-cut is performed
upon shifting, a fuel efficiency improving effect by the
fuel-cut during the shift can be obtained. However, due
to the fact that the EGR cannot be performed until the
exhaust passage 3 is filled with the exhaust gas after
finish of the fuel-cut, a fuel efficiency after completion of
the shift might be relatively deteriorated or decreased as
compared with a case where the EGR is immediately
performed after completion of the shift without performing
the fuel-cut upon shifting. Further, in a case where the
fuel-cut is not performed upon shifting, although the fuel
efficiency improving effect by the fuel-cut during the shift
cannot be obtained, it is possible to immediately perform
the EGR at a time when the shift is completed, and the
fuel efficiency after completion of the shift might be rel-
atively improved or increased as compared with a case
where the fuel-cut is performed upon shifting.

[0037] Forinstance, when carrying out the shift during
execution of the EGR, if the vehicle operating condition
after the shift continues being in the EGR region and an
EGR ratio is large, the fuel-cut is not performed upon
shifting and the EGR isimmediately performed after com-
pletion of the shift, which brings about relatively greater
improvement in the fuel efficiency of the vehicle. That is,
in the shift during execution of the EGR, there is a case
where the fuel efficiency improving effect by the EGR
after the shift is relatively larger than the fuel efficiency
improving effect by the fuel-cut during the shift.

[0038] Further, in a situation where the vehicle accel-
erates by the shift, the fuel efficiency improving effect by
performing the EGR becomes large, and thus the fuel
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efficiency of the vehicle can be relatively improved by
immediately performing the EGR after completion of the
shift without performing the fuel-cut.

[0039] Therefore, it is important, upon shifting, to as-
certain the vehicle operating condition after the shift. That
is, it is important, upon shifting, to predict whether the
fuel efficiency improving effect by immediately perform-
ing the EGR after the shift is large or not.

[0040] Thus, inthe present embodiment, upon shifting
during execution of the EGR, the vehicle operating con-
dition after the shiftis predicted on the basis of the vehicle
operating condition at the time of the shift. And, on the
basis of the predicted vehicle operating condition after
the shift, determination whether or not the fuel-cut is per-
formed is made.

[0041] Thatis, in the present embodiment, upon shift-
ing during execution of the EGR, the vehicle operating
condition after the shift is predicted at a timing at which
the fuel-cut condition is satisfied. Then, when it is pre-
dicted that the fuel efficiency of the case where the fuel-
cut is not performed is relatively improved, the fuel-cut
is not going to be performed. On the other hand, when it
is predicted that the fuel efficiency of the case where the
fuel-cut is performed is relatively improved, the fuel-cut
is going to be performed.

[0042] In other words, in the present embodiment, up-
on shifting during execution of the EGR, when it is pre-
dicted that the vehicle operating condition after the shift
is in the EGR region and the fuel efficiency improving
effect by the EGR is relatively large, the fuel-cut is not
going to be performed. On the other hand, upon shifting
during execution of the EGR, when it is predicted that
the fuel efficiency improving effect by the EGR after the
shift is relatively small, the fuel-cut is going to be per-
formed. A case where it is predicted that the fuel efficien-
cy improving effect by the EGR after the shift is relatively
small is, for instance, a case where the EGR ratio is low,
or a case where the vehicle operating condition is in the
non-EGR region.

[0043] With this control, it is possible to relatively im-
prove the fuel efficiency of the vehicle upon shifting during
execution of the EGR.

[0044] Fig. 3is atiming chartin a case where the fuel-
cut is not performed upon shifting.

[0045] At a timing of time t1 at which the fuel-cut con-
dition is satisfied, it is predicted that the fuel efficiency of
the case where the fuel-cut is not performed is relatively
improved. Therefore, a starttime of the fuel-cut is delayed
until time t4 at which a second delay timeT2 elapses from
time t1. That is, upon shifting during execution of the
EGR, when it is predicted that the vehicle operating con-
dition after the shift is in the EGR region and the fuel
efficiency of the case where the fuel-cut is not performed
is relatively improved, a fuel-cut delay time from a time
(time t1) of the satisfaction of the fuel-cut condition until
the fuel-cut is started is delayed. The second delay time
T2 is a fuel-cut delay time that is set to be longer than
the first delay time T1 and is set to be sufficiently longer
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than a time required to complete the shift.

[0046] Then, in Fig. 3, the shift is completed before
time t4 at which the second delay time T2 elapses from
time t1, and the EGR is started at a timing of time t3 that
is before time t4. In Fig. 3, since the exhaust passage 3
is filled with the exhaust gas at a time point of time t3, as
shown by a broken line in Fig. 3, there is no need to delay
the EGR after completion of the shift.

[0047] Here, in Fig. 3, since the accelerator opening
degree APO is the predetermined opening degree or less
(fully closed) by and according to disengagement of the
clutch at time t1 and an engine load (a load of the internal
combustion engine 1) is decreased, the vehicle operating
condition shifts to or enters the non-EGR region. Time
t2 in Fig. 3 is a timing at which the clutch disengaged at
time t1 is engaged. Then, in Fig. 3, the gear is shifted up
(upshift is carried out) during a time period from time t1
to time t2 for which the clutch is disengaged. Time t3 in
Fig. 3 is a timing at which the EGR is resumed by the
factthatthe accelerator opening degree (APO) after com-
pletion of the shift is increased and the engine load is
increased then the vehicle operating condition shifts to
or enters the EGR region. And, time t3 is substantially
same as atiming at which the accelerator opening degree
(APO) becomes stable. Here, the timing at which the
EGR is resumed and the timing at which the accelerator
opening degree (APO) becomes stable are not always
the same timing. Further, in Fig. 3, at a timing of time 15,
the fuel-cut condition is satisfied, and it is predicted that
the vehicle operating condition after the shift is in the
EGR region and the fuel efficiency of the case where the
fuel-cut is not performed is relatively improved. Further-
more, in Fig. 3, a start time of the fuel-cut is delayed until
time t8 at which the second delay time T2 elapses from
time t5. In Fig. 3, the shift is completed before time t8 at
which the second delay time T2 elapses from time t5,
and the EGR is started at a timing of time t7 that is before
time t8. Time t7 in Fig. 3, which is similar to time 13, is a
timing at which the EGR is resumed by the fact that the
accelerator opening degree (APOQO) after completion of
the shift is increased and the engine load is increased
then the vehicle operating condition shifts to or enters
the EGR region. And, time t7 is substantially same as a
timing at which the accelerator opening degree (APO)
becomes stable. Here, the timing at which the EGR is
resumed and the timing at which the accelerator opening
degree (APO) becomes stable are not always the same
timing. Time t6 in Fig. 3 is a timing at which the clutch
disengaged at time t5 is engaged. Then, in Fig. 3, the
gear is shifted up (upshift is carried out) during a time
period from time t5 to time t6 for which the clutch is dis-
engaged.

[0048] The vehicle operating condition after the shift
can be predicted according to whether the vehicle accel-
erates by the shift, whether the vehicle decelerates by
the shift and whether the vehicle speed does not change
by the shift etc..

[0049] Fig. 4 is an explanatory drawing schematically
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showing a change of the operating condition in a case
where the vehicle accelerates by the shift (gear change) .
An arrow represented by a solid line in Fig. 4 indicates a
change of an operating point of the internal combustion
engine 1 in a case where the gear is shifted up (upshift
is carried out). An arrow represented by a broken line in
Fig. 4 indicates a change of the operating point of the
internal combustion engine 1 in a case where the gear
is shifted down (downshift is carried out).

[0050] As shown in Fig. 4, in a case where the load of
the internal combustion engine 1 is increased by the fact
that the vehicle accelerates by the shift etc., even if the
upshift is carried out or the downshift is carried out, there
is a strong possibility that the vehicle operating condition
after the shift will be in the EGR region. Therefore, it is
predicted that the fuel efficiency of the case where the
fuel-cut is not performed upon shifting is relatively im-
proved.

[0051] Thus, when it is predicted that the load of the
internal combustion engine 1 is increased in the shift dur-
ing execution of the EGR, the fuel-cut is not performed
upon shifting so as to be able to immediately perform the
EGR after completion of the shift.

[0052] Here, regarding the arrow represented by the
solid line in Fig. 4, the clutch is disengaged at a point A,
and the clutch is engaged in a line (or a region) from a
point C to a point B. The engine rotation speed of the
internal combustion engine 1 at the point B is lower than
that at the point A. The load of the internal combustion
engine 1 at the point B is higher than that at the point A.
[0053] Fig. 5 is an explanatory drawing schematically
showing a change of the operating state in a case where
the vehicle decelerates by the shift. An arrow represented
by asolid line in Fig. 5 indicates a change of the operating
point of the internal combustion engine 1 in a case where
the gear is shifted up (upshift is carried out). An arrow
represented by a broken line in Fig. 5 indicates a change
of the operating point of the internal combustion engine
1 in a case where the gear is shifted down (downshift is
carried out).

[0054] As shown in Fig. 5, in a case where the load of
the internal combustion engine 1 is decreased by the fact
that the vehicle decelerates by the shift etc., even if the
upshift is carried out or the downshift is carried out, there
is a strong possibility that the vehicle operating condition
after the shift will be in the non-EGR region. Therefore,
it is predicted that the fuel efficiency of the case where
the fuel-cut is performed upon shifting is relatively im-
proved.

[0055] Thus, when it is predicted that the load of the
internal combustion engine 1 is decreased in the shift
during execution of the EGR, since there is no need to
immediately perform the EGR after completion of the
shift, the fuel-cut is performed upon shifting.

[0056] Fig. 6 is an explanatory drawing schematically
showing a change of the operating state in a case where
the vehicle speed does not change by the shift. An arrow
represented by a solid line in Fig. 6 indicates a change
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of the operating point of the internal combustion engine
1in a case where the gear is shifted up (upshift is carried
out). An arrow represented by a broken line in Fig. 6
indicates a change of the operating point of the internal
combustion engine 1 in a case where the gear is shifted
down (downshift is carried out).

[0057] As shown in Fig. 6, in a case where the vehicle
speed does not change by the shift, if the upshift is carried
out, the load of the internal combustion engine 1 is in-
creased and the vehicle operating condition after the shift
is in the EGR region, whereas if the downshift is carried
out, the load of the internal combustion engine 1 is de-
creased and the vehicle operating condition after the shift
is in the non-EGR region. That is, if the upshift is carried
out and the EGR ratio is such an amount as the fuel
efficiency improving effect by the EGR is relatively large,
it is predicted that the fuel efficiency of the case where
the fuel-cut is not performed upon shifting is relatively
improved. On the other hand, if the upshift is carried out
and the EGR ratio is such an amount as the fuel efficiency
improving effect by the EGR is relatively small, it is pre-
dicted that the fuel efficiency of the case where the fuel-
cut is performed upon shifting is relatively improved. Fur-
ther, if the downshift is carried out, it is predicted that the
fuel efficiency of the case where the fuel-cutis performed
upon shifting is relatively improved.

[0058] Thus,whenitis predicted that the vehicle speed
does not change in the shift during execution of the EGR,
if it is predicted that the upshift is carried out and if the
EGR ratio is such an amount as the fuel efficiency im-
proving effect by the EGR is relatively large, the fuel-cut
is not performed upon shifting so as to be able to imme-
diately perform the EGR after completion of the shift.
[0059] Whenitis predicted thatthe vehicle speed does
not change in the shift during execution of the EGR, if it
is predicted that the upshift is carried out and if the EGR
ratio is such an amount as the fuel efficiency improving
effect by the EGR is relatively small, since there is no
need to immediately perform the EGR after completion
of the shift, the fuel-cut is performed upon shifting.
[0060] Further, when it is predicted that the vehicle
speed does not change in the shift during execution of
the EGR, if it is predicted that the downshift is carried
out, since there is no need to immediately perform the
EGR after completion of the shift, the fuel-cut is per-
formed upon shifting.

[0061] Here, when, although itis predicted that the ve-
hicle speed does not change by the shift, it is not possible
to predict whether the shift is the upshift or the downshift
at a timing at which the fuel-cut condition is satisfied, for
instance, the fuel-cut delay time could be delayed. In this
case, for instance, if the upshift is carried out during the
delay of the fuel-cut, the fuel-cut remains undone, where-
as if the downshift is carried out during the delay of the
fuel-cut, the fuel-cut is performed from this time point.
[0062] The prediction of the vehicle operating condition
after the shift, such as acceleration and deceleration,
made based on the vehicle operating condition at the
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time of the shift can be made from, for instance, the ve-
hicle distance (following distance) from a vehicle ahead,
information about the limiting speed (regulation speed),
the gradient of the road, the vehicle speed and the engine
rotation speed and the gear position (the shift position),
the vehicle speed and the acceleration, a returning speed
of the accelerator pedal, and so on. Here, regarding the
prediction of the vehicle operating condition after the
shift, it could be possible to judge the vehicle operating
condition by combining the following prediction methods
explained below as necessary.

[0063] When carrying out the shift, if the following dis-
tance from a vehicle ahead is increased, it is conceivable
that the vehicle will accelerate by carrying out the upshift
in order to decrease (narrow) the following distance. In
this case, it is predicted that the vehicle operating con-
dition after the shiftis in the EGR region. Therefore, when
the following distance from a vehicle ahead is increased
upon shifting, since the fuel efficiency of the vehicle is
relatively improved by immediately performing the EGR
after the shift, the fuel-cut is not performed by delaying
the fuel-cut delay time.

[0064] When carrying out the shift, if the following dis-
tance from a vehicle ahead is decreased (narrowed), it
is conceivable that the vehicle will decelerate by carrying
out the downshift in order to increase the following dis-
tance. In this case, it is predicted that the vehicle oper-
ating condition after the shift is in the non-EGR region.
Therefore, when the following distance from a vehicle
ahead is decreased upon shifting, since the fuel efficien-
cy of the vehicle is relatively improved by performing the
fuel-cut, the fuel-cut is performed without delaying the
fuel-cut delay time.

[0065] When carrying out the shift, if the following dis-
tance from a vehicle ahead is constant, it is conceivable
that the vehicle speed will not change before and after
the shift. In this case, for instance, the fuel-cut delay time
is delayed, and if the upshift is carried out, the fuel-cut
remains undone, whereas if the downshift is carried out,
the fuel-cut is performed from this time point.

[0066] When carrying out the shift, if the vehicle speed
is less than the limiting speed, it is conceivable that the
vehicle will accelerate by carrying out the upshift in order
to increase the vehicle speed. In this case, it is predicted
that the vehicle operating condition after the shift is in the
EGR region. Therefore, when the vehicle speed is less
than the limiting speed upon shifting, since the fuel effi-
ciency of the vehicle is relatively improved by immedi-
ately performing the EGR after the shift, the fuel-cut is
not performed by delaying the fuel-cut delay time.
[0067] When carrying out the shift, if the vehicle speed
exceeds the limiting speed, itis conceivable that the ve-
hicle will decelerate by carrying out the downshift in order
to decrease the vehicle speed. In this case, itis predicted
that the vehicle operating condition after the shift is in the
non-EGR region. Therefore, when the vehicle speed ex-
ceeds the limiting speed upon shifting, since the fuel ef-
ficiency of the vehicle is relatively improved by performing
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the fuel-cut, the fuel-cut is performed without delaying
the fuel-cut delay time.

[0068] When carrying out the shift, if the vehicle speed
is the limiting speed, it is conceivable that the vehicle
speed will not change before and after the shift. In this
case, forinstance, the fuel-cut delay time is delayed, and
if the upshift is carried out, the fuel-cut remains undone,
whereas if the downshift is carried out, the fuel-cut is
performed from this time point.

[0069] When carrying out the shift, if the road is an
upward slope, it is conceivable that the vehicle will ac-
celerate by carrying out the downshift. In this case, it is
predicted that the vehicle operating condition after the
shift is in the EGR region. In this case, although the fuel
efficiency improving effect by the EGR, which is equal to
that of the case where the vehicle accelerates by carrying
out the upshift, cannot be obtained, the fuel efficiency
improving effect is larger than that of the case where the
fuel-cut is performed. Therefore, when the road is the
upward slope upon shifting, since the fuel efficiency of
the vehicle is relatively improved by immediately perform-
ing the EGR after the shift, the fuel-cut is not performed
by delaying the fuel-cut delay time.

[0070] When carrying outthe shift, iftheroad is adown-
ward slope, it is conceivable that the vehicle will decel-
erate by carrying out the downshift. In this case, it is pre-
dicted that the vehicle operating condition after the shift
is in the non-EGR region. Therefore, when the road is
the downward slope upon shifting, since the fuel efficien-
cy of the vehicle is relatively improved by performing the
fuel-cut, the fuel-cut is performed without delaying the
fuel-cut delay time.

[0071] When carryingoutthe shift, ifthe engine rotation
speed is high relative to (or with respect to) the vehicle
speed, it is conceivable that the vehicle will accelerate
by carrying out the upshift. In this case, it is predicted
that the vehicle operating condition after the shift is in the
EGR region. Therefore, when the engine rotation speed
is high relative to (or with respect to) the vehicle speed
upon shifting, since the fuel efficiency of the vehicle is
relatively improved by immediately performing the EGR
after the shift, the fuel-cut is not performed by delaying
the fuel-cut delay time.

[0072] When carryingoutthe shift, ifthe engine rotation
speed is low relative to (or with respect to) the vehicle
speed, it is conceivable that the vehicle will decelerate
by carrying out the downshift. In this case, it is predicted
that the vehicle operating condition after the shift is in the
non-EGR region. Therefore, when the engine rotation
speed is low relative to (or with respect to) the vehicle
speed upon shifting, since the fuel efficiency of the vehi-
cle is relatively improved by performing the fuel-cut, the
fuel-cut is performed without delaying the fuel-cut delay
time.

[0073] When carrying out the shift, if an acceleration
of the vehicle is equal to or greater than a predetermined
acceleration threshold value that is previously set on the
basis of the vehicle speed, it is conceivable that the ac-
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celeration will continue by the shift. In this case, it is pre-
dicted that the vehicle operating condition after the shift
is in the EGR region. Therefore, when the acceleration
of the vehicle is equal to or greater than the predeter-
mined acceleration threshold value upon shifting, since
the fuel efficiency of the vehicle is relatively improved by
immediately performing the EGR after the shift, the fuel-
cut is not performed by delaying the fuel-cut delay time.
[0074] When carrying out the shift, if the returning
speed of the accelerator pedal (an acceleration returning
speed) is equal to or greater than a predetermined ac-
celeration returning speed threshold value, it is conceiv-
able that the vehicle will accelerate by carrying out the
upshift. In this case, it is predicted that the vehicle oper-
ating condition after the shift is in the EGR region. There-
fore, when the returning speed of the accelerator pedal
is equal to or greater than the predetermined acceleration
returning speed threshold value upon shifting, since the
fuel efficiency of the vehicle is relatively improved by im-
mediately performing the EGR after the shift, the fuel-cut
is not performed by delaying the fuel-cut delay time. The
acceleration returning speed is calculated from, for in-
stance, a displacement per unit time of a depression
amount of the accelerator pedal which is detected by the
accelerator opening degree sensor 23.

[0075] Fig.7is aflow chartshowing a flow of the control
in the embodiment described above. At step S1, the ve-
hicle operating condition is monitored. At step S2, a judg-
ment is made as to whether or not a shift operation is
predicted. At step S2, for instance, if the accelerator
opening degree is the predetermined opening degree or
less (fully closed), the shift operation is predicted, then
the routine proceeds to step S3. At step S2, if the shift
operation is not predicted, a current routine is ended.
[0076] At step S3, a judgment is made as to whether
or not the fuel efficiency improving effect by the EGR
after the shift is large. At step S3, if it is judged that the
fuel efficiency improving effect by the EGR after the shift
is relatively large, the routine proceeds to step S4. At
step S3, if it is judged that the fuel efficiency improving
effect by the EGR after the shift is relatively small, the
routine proceeds to step S6.

[0077] At step S4, a judgment of the shift operation is
made. That is, if the accelerator opening degree is the
predetermined opening degree or less (fully closed) and
the clutch is in a disengagement state, it is judged that
the shift operation occurs. At step S4, if it is judged that
the shift operation occurs, the routine proceeds to step
S5.

[0078] At step S5, the fuel-cut delay time is delayed.
Thatis, a fuel-cut control using the delayed fuel-cut delay
time is executed.

[0079] Atstep S6,anormalfuel-cutcontrolis executed.
That is, if the shift operation occurs, the normal fuel-cut
control is executed without delaying the fuel-cut delay
time.

[0080] Here, upon shifting during execution of the
EGR, even if the vehicle operating condition after the
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shift is in the EGR region, when it is predicted that the
fuel efficiency of the case where the fuel-cutis performed
is relatively improved, the fuel-cut could be performed.
[0081] Although the internal combustion engine 1 of
the embodiment described above is provided with the
supercharger, the present invention can be applied to a
normal aspiration (or natural aspiration) internal combus-
tion engine having no supercharger.

[0082] The presentinvention can be applied to, for in-
stance, a so-called portinjection type internal combustion
engine (a port injection engine) in which fuel is injected
into the intake port or a direct-injection type internal com-
bustion engine (a direct injection engine) in which fuel is
directly injected into the cylinder.

[0083] Further, the embodiment described above is
concerned with the control method for the internal com-
bustion engine 1 and the control device for the internal
combustion engine 1.

Claims

1. A method for controlling an internal combustion en-
gine provided with a manual transmission that trans-
mits a driving force of the internal combustion engine
to a driving wheel of a vehicle while performing shift,
an EGR passage that recirculates, as EGR gas,
apart of exhaust gas from an exhaust passage to an
intake passage and an EGR valve that controls a
flow amount of the EGR gas, the method comprising:
upon shifting during execution of EGR that recircu-
lates the EGR gas to the intake passage, determin-
ing, on the basis of a vehicle operating condition at
a time of the shift, whether fuel-cut that stops fuel
supply to the internal combustion engine is per-
formed or not.

2. The method for controlling the internal combustion
engine as claimed in claim 1, wherein:
when it is predicted, on the basis of a vehicle oper-
ating condition after the shift which is predicted from
the vehicle operating condition at the time of the shift,
that fuel efficiency of a case where the fuel-cut is not
performed upon shifting is relatively more improved
than fuel efficiency of a case where the fuel-cut is
performed upon shifting, the fuel-cut is not going to
be performed.

3. The method for controlling the internal combustion
engine as claimed in claim 1 or 2, wherein:
upon shifting during execution of the EGR, when it
is predicted that the vehicle operating condition after
the shift is in an EGR region in which the EGR is
performed and the fuel efficiency of the case where
the fuel-cut is not performed is relatively more im-
proved than the fuel efficiency of the case where the
fuel-cut is performed, the fuel-cut is not going to be
performed.
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The method for controlling the internal combustion
engine as claimed in any one of the preceding claims
1 to 3, wherein:

upon shifting during execution of the EGR, when it
is predicted that the vehicle operating condition after
the shift is in a non-EGR region in which the EGR is
not performed, the fuel-cut is going to be performed.

The method for controlling the internal combustion
engine as claimed in any one of the preceding claims
1 to 4, wherein:

upon shifting during execution of the EGR, when it
is predicted that the vehicle operating condition after
the shift is in the EGR region in which the EGR is
performed and the fuel efficiency of the case where
the fuel-cut is performed is relatively improved, the
fuel-cut is going to be performed.

The method for controlling the internal combustion
engine as claimed in claim 1 or 2, wherein:

when it is predicted that the vehicle accelerates by
the shift during execution of the EGR, the fuel-cut is
not going to be performed.

The method for controlling the internal combustion
engine as claimed in any one of the preceding claims
1, 2 and 6, wherein:

when it is predicted that the vehicle decelerates by
the shift during execution of the EGR, the fuel-cut is
going to be performed.

The method for controlling the internal combustion
engine as claimed in any one of the preceding claims
1, 2, 6 and 7, wherein:

when it is predicted that upshift is carried out by the
shift during execution of the EGR and a vehicle
speed does not change, the fuel-cut is not going to
be performed.

The method for controlling the internal combustion
engine as claimed in any one of the preceding claims
1, 2, 6, 7 and 8, wherein:

when it is predicted that downshift is carried out by
the shift during execution of the EGR and the vehicle
speed does not change, the fuel-cut is going to be
performed.

A control device for an internal combustion engine
comprising:

a manual transmission transmitting a driving
force of the internal combustion engine to a driv-
ing wheel of a vehicle while performing shift;
an EGR passage recirculating, as EGR gas, a
part of exhaust gas from an exhaust passage to
an intake passage;

an EGR valve controlling a flow amount of the
EGR gas; and
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a control unit configured to, upon shifting during
execution of EGR that recirculates the EGR gas
to the intake passage, determine, on the basis
of a vehicle operating condition at a time of the
shift, whether fuel-cut that stops fuel supply to
the internal combustion engine is performed or
not.
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