EP 1619 098 A2

Européisches Patentamt

European Patent Office

(19) p)

Office européen des brevets

(11) EP 1619 098 A2
(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
25.01.2006 Bulletin 2006/04 B60W 10/06 (00600 F02D 41712 0504
(21) Application number: 05254489.7
(22) Date of filing: 19.07.2005
(84) Designated Contracting States: (72) Inventors:

AT BEBG CH CY CZDE DK EE ES FIFR GB GR
HUIEISIT LILT LU LV MC NL PL PT RO SE SI
SK TR

Designated Extension States:

AL BAHR MK YU

Priority: 20.07.2004 JP 2004211839

Applicants:

Toyota Jidosha Kabushiki Kaisha
Toyota-shi, Aichi-ken 471-8571 (JP)
Bosch Corporation

Shibuya-ku

Tokyo 150-8360 (JP)

(74)

Amano, Naoki, c/o Toyota Jidosha K.K.
Toyota-shi, Aichi-ken 471-8571 (JP)

Otsubo, Massaki, c/o Toyota Jidosha K.K.
Toyota-shi, Aichi-ken 471-8571 (JP)
Hatakeyama, Tomohiro, c/o Bosch Corporation
Tokyo 150-8360 (JP)

Yamazaki, Akinori, c/o Bosch Corporation
Tokyo 150-8360 (JP)

Representative: Smith, Samuel Leonard
J.A. Kemp & Co,,

14 South Square,

Gray’s Inn

London WC1R 5JJ (GB)

(54)

(57)

Control apparatus for internal combustion engine

An ECU performs a program including a step

(S110) of resetting a shifting time fuel cut permission flag
when shifting is executed before an elapsed time since
shifting was executed last time reaches a determination
time ("YES" in step S108); and a step (S114) of setting
the shifting time fuel cut permission flag when the elapsed
time since shifting was executed last time has reached
the determination time ("YES" in step S112), in a case
where a catalyst temperature TC is higher than a prede-
termined temperature TC, ("YES" in step S104).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control apparatus for
an internal combustion engine. More particularly, the in-
vention relates to a control apparatus for an internal com-
bustion engine connected to an automobile transmission
which includes a constant-mesh gear train.

2. Description of the Related Art

[0002] A technology is known, in which fuel supply is
stopped (i.e., fuel cut is performed) in an internal com-
bustion engine during deceleration of a vehicle. However,
when fuel cut is performed, air flows into a catalyst as it
is. Therefore, oxidation reaction in the catalyst may be
abruptly promoted, and accordingly the catalyst may be
deteriorated. Thus, when fuel cut is performed, it is nec-
essary to consider deterioration of the catalyst.

[0003] Japanese Patent Application Publication No.
JP 2004-50878A discloses a control apparatus for an
internal combustion engine, which can suppress deteri-
oration of the catalyst. The control apparatus disclosed
in the Japanese Patent Application Publication No. JP
2004-50878A includes a fuel supply portion which per-
forms fuel supply to an internal combustion engine while
an internal combustion engine is operated; a fuel stop
portion which stops the fuel supply to the internal com-
bustion engine performed by the fuel supply portion when
a predetermined deceleration operation condition is sat-
isfied; a fuel stop prohibition portion which prohibits stop
of the fuel supply to the internal combustion engine even
when the predetermined deceleration operation condi-
tion is satisfied, in a case where a temperature of a cat-
alyst becomes higher than a predetermined temperature;
a shifting detection portion which detects a gear ratio in
a shifting device; and a fuel supply state control portion
which performs control such that the fuel stop prohibition
portion continues to prohibit the stop of the fuel supply
when the shifting state detection portion detects achange
to the highest shift speed before an elapsed time since
stop of the fuel supply is prohibited reaches a reference
time, and the fuel stop prohibition portion cancels prohi-
bition of stop of the fuel supply, and the fuel stop portion
stops the fuel supply when the shifting state detection
portion does not detect the change to the highest shift
speed before the elapsed time since stop of the fuel sup-
ply is prohibited reaches the reference time, in a case
where the fuel stop prohibition portion prohibits stop of
the fuel supply when the predetermined deceleration op-
eration condition is satisfied and the temperature of the
catalyst becomes higher than the predetermined temper-
ature.

[0004] Inthe control apparatus for an internal combus-
tion engine disclosed in the publication, stop of the fuel
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supply is prohibited when the predetermined decelera-
tion operation condition is satisfied and the temperature
of the catalyst becomes higher than the predetermined
temperature. Then, when the change to the highest shift
speed performed by the shifting device is detected before
the elapsed time reaches the reference time, stop of the
fuel supply continues to be prohibited. Also, when the
change to the highest shift speed is not detected before
the elapsed time reaches the reference time, the fuel
supply is stopped. Since it is determined whether stop of
the fuel supply continues to be prohibited after stop of
the fuel supply is prohibited, it is possible to reliably pre-
vent deterioration of the catalyst from proceeding due to
unnecessary fuel cut.

[0005] Recently, vehicles each of which includes an
automatic transmission including a constant-mesh gear
train have been sold particularly in Europe. In such a
vehicle, selection can be made between a mode in which
automatic shifting is executed and a mode in which shift-
ing is executed by operation of a shift lever and the like
performed by a driver. When shifting is executed, output
of an internal combustion engine is decreased in order
to disengage a clutch. In the vehicle including such an
automatic transmission, it is conceivable to perform fuel
cut during shifting in order to increase a region where
fuel cut is performed so that fuel efficiency is improved.
In this case as well, the catalyst may be deteriorated due
to fuel cut. Particularly when the driver intentionally re-
peats shifting and fuel cut is performed each time shifting
is executed, a period during which fuel cut is performed
becomes long, and deterioration of the catalyst may pro-
ceed. Therefore, itis conceivable to prohibit fuel cut when
the temperature of the catalyst becomes higher than the
predetermined temperature, and to cancel the prohibition
after the elapsed time since fuel cut is prohibited reaches
the reference time, as in the control apparatus disclosed
in the Japanese Patent Application Publication No. JP
2004-50878A.

[0006] However,inorderto prohibitfuel cutinthis case,
the reference time needs to be set to a long time. If the
reference time is set to a long time, the period during
which fuel cut is prohibited becomes long, even when
the driver does not intentionally perform shifting. Thus,
there is a disadvantage in terms of fuel efficiency.

SUMMARY OF THE INVENTION

[0007] Itisanobjectofthe inventionto provide a control
apparatus for an internal combustion engine, which can
suppress deterioration of a catalyst due to stop of fuel
supply (fuel cut), and can suppress prohibition of stop of
the fuel supply for a period longer than necessary.

[0008] Afirstaspect of the invention relates to a control
apparatus for an internal combustion engine which is
connected to an automatic transmission including a con-
stant-mesh gear train. Exhaust gas discharged from the
internal combustion engine is purified by a catalyst. The
control apparatus includes fuel supply means for per-
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forming fuel supply to the internal combustion engine;
control means for controlling the fuel supply means so
as to stop the fuel supply to the internal combustion en-
gine when shifting of the automatic transmission is exe-
cuted; detection means for detecting a temperature of
the catalyst; and determination means for determining
whether the control means should be permitted to stop
the fuel supply, or the control means should be prohibited
from stopping the fuel supply, based on the temperature
of the catalyst and an elapsed time since execution of
shifting.

[0009] According to the first aspect of the invention,
the fuel supply means performs fuel supply to the internal
combustion engine. The control means controls the fuel
supply means so as to stop the fuel supply to the internal
combustion engine when shifting of the automatic trans-
mission is executed. The detection means detects the
temperature of the catalyst. For example, when the tem-
perature of the catalyst is higher than a predetermined
temperature, the determination means determines
whether the control means should be permitted to stop
the fuel supply, or the control means should be prohibited
from stopping the fuel supply, based on the elapsed time
since execution of shifting. Thus, for example, it can be
determined that the control means should be permitted
to stop the fuel supply after a predetermined determina-
tion time has elapsed since shifting was executed last
time, and the control means should be prohibited from
stopping the fuel supply before the predetermined deter-
mination time elapses. Thus, stop of the fuel supply can
be prohibited so as to suppress an increase in the tem-
perature of the catalyst until the determination time elaps-
es. Also, the fuel supply can be stopped after the deter-
mination time has elapsed. In this case, if the determi-
nation time is set to a short time, stop of the fuel supply
can be prohibited when shifting is repeated at time inter-
vals each of which is shorter than the determination time,
and stop of the fuel supply can be permitted promptly
when shifting is not repeated. Also, it can be determined
that stop of the fuel supply should be permitted after the
determination time has elapsed since stop of the fuel
supply is cancelled, and stop of the fuel supply should
be prohibited before the determination time elapses.
Therefore, stop of the fuel supply can be prohibited so
as to suppress an increase in the temperature of the cat-
alyst until the determination time elapses, and the fuel
supply can be stopped when shifting is executed even if
shifting is repeated, after the determination time has
elapsed. As a result, it is possible to provide the control
apparatus for an internal combustion engine which can
suppress deterioration of a catalyst due to stop of fuel
supply (fuel cut), and can suppress prohibition of stop of
the fuel supply for a period longer than necessary.
[0010] The determination means may further include
means for determining that the control means should be
permitted to stop the fuel supply after a predetermined
time has elapsed since shifting was executed last time,
and determining that the control means should be pro-
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hibited from stopping the fuel supply before the prede-
termined determination time elapses since shifting was
executed last time, in a case where the temperature of
the catalyst is higher than a predetermined temperature.
[0011] Inthis case, itis determined that stop of the fuel
supply should be permitted after the determination time
has elapsed since shifting was executed last time, and
stop of the fuel supply should be prohibited before the
determination time elapses, in a case where the temper-
ature of the catalyst is higher than the predetermined
temperature. If the determination time is set to a short
time, stop of the fuel supply can be prohibited when shift-
ing is repeated at short time intervals, and stop of the
fuel supply can be permitted promptly when shifting is
not repeated. Thus, itis possible to successively stop the
fuel supply so as to suppress an increase in the temper-
ature of the catalyst, and to suppress prohibition of stop
of the fuel supply for a period longer than necessary.
[0012] The determination means may further include
means for determining that the control means should be
permitted to stop the fuel supply after a predetermined
determination time has elapsed since the control means
cancels stop of the fuel supply, and determining that the
control means should be prohibited from stopping the
fuel supply before the predetermined determination time
elapses since the control means cancels stop of the fuel
supply, in a case where the temperature of the catalyst
is higher than a predetermined temperature.

[0013] In this case, it is determined that the control
means should be permitted to stop the fuel supply after
the determination time has elapsed since stop of the fuel
supply is cancelled, in the case where the temperature
of the catalyst is higher than a predetermined tempera-
ture. It is determined that the control means should be
prohibited from stopping the fuel supply before the de-
termination time elapses. Thus, it is possible to prohibit
stop of the fuel supply so as to suppress an increase in
the temperature of the catalyst until the determination
time elapses, and to stop the fuel supply during shifting
after the determination time elapses even if shifting is
repeated.

[0014] The control apparatus for an internal combus-
tion engine according to the first aspect of the invention
may further include means for calculating requested
torque which the automatic transmission requests the
internal combustion engine to output; and torque deter-
mination means for determining whether the control
means should be permitted to stop the fuel supply, or the
control means should be prohibited from stopping the
fuel supply, based on the requested torque.

[0015] Inthis case, the requested torque which the au-
tomatic transmission requests the internal combustion
engine to output is calculated. For example, when the
requested torque is lower than the lowest torque of the
internal combustion engine, it is determined that stop of
the fuel supply should be permitted. When the requested
torque is equal to or higher than the lowest torque of the
internal combustion engine, it is determined that stop of
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the fuel supply should be prohibited. Thus, the fuel supply
is performed in a region where the internal combustion
engine can control the torque. Accordingly, it is possible
to suppress deterioration of the catalyst due to stop of
the fuel supply for a period longer than necessary.
[0016] The torque determination means may further
include means for determining that the control means
should be permitted to stop the fuel supply when the re-
quested torque is lower than predetermined torque, and
determining that the control means should be prohibited
from stopping the fuel supply when the requested torque
is equal to or higher than the predetermined torque.
[0017] Inthis case, when the requested torque is lower
than the predetermined torque of the internal combustion
engine, itis determined that stop of the fuel supply should
be permitted. When the requested torque is equal to or
higher than the predetermined torque of the internal com-
bustion engine, itis determined that stop of the fuel supply
should be prohibited. Thus, the fuel supply is performed
in a region where the internal combustion engine can
control the torque. Accordingly, it is possible to suppress
deterioration of the catalyst due to stop of the fuel supply
for a period longer than necessary.

[0018] The predetermined torque may be the lowest
torque that the internal combustion engine can output.
[0019] Inthis case, when the requested torque is lower
than the lowest torque of the internal combustion engine,
it is determined that stop of the fuel supply should be
permitted. When the requested torque is equal to or high-
er than the lowest torque of the internal combustion en-
gine, it is determined that stop of the fuel supply should
be prohibited. Thus, the fuel supply is performed in a
region where the internal combustion engine can control
the torque. Accordingly, it is possible to suppress dete-
rioration of the catalyst due to stop of the fuel supply for
a period longer than necessary.

[0020] Further, the internal combustion engine may be
connected to the automatic transmission via a clutch. The
control apparatus may further include means for deter-
mining that the control means should be permitted to stop
the fuel supply when the clutch is in a disengaged state,
determining that the control means should be permitted
to successively stop the fuel supply when the clutch is in
an engaged state and the fuel supply is being stopped,
and determining that the control means should be pro-
hibited from stopping the fuel supply when the clutch is
in the engaged state and the fuel supply is being per-
formed.

[0021] In this case, when the clutch is in the disen-
gaged state, it is determined that stop of the fuel supply
should be permitted. Thus, when the torque is suddenly
decreased due to stop of the fuel supply, it is possible to
suppress occurrence of shock. When the clutch is in the
engaged state and the fuel supply is being stopped, it is
determined that the control means should be permitted
to stop the fuel supply. Thus, it is possible to suppress
occurrence of shock when the torque is suddenly in-
creased due to prohibition of stop of the fuel supply, and
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to continue to stop the fuel supply. When the clutch is in
the engaged state and the fuel supply is being performed,
it is determined that the control means should be prohib-
ited from stopping the fuel supply. Thus, in the case
where there is a possibility that shock is caused if the
torque is suddenly changed, it is possible to prohibit stop
of the fuel supply, thereby suppressing occurrence of
shock due to a sudden change in the torque.

[0022] A second aspect of the invention relates to a
control method for an internal combustion engine which
is connected to an automatic transmission including a
constant-mesh gear train, the control method including
a step of detecting a temperature of a catalyst that purifies
exhaust gas discharged from the internal combustion en-
gine. This method includes the steps of measuring an
elapsed time since shifting of the automatic transmission
is executed; and determining whether stop of fuel supply
should be permitted or prohibited, based on the detected
temperature of the catalyst and the measured elapsed
time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The foregoing and further objects, features and
advantages of the invention will become apparent from
the following description of exemplary embodiments with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and where-
in:

FIG. 1 is a control block diagram showing a vehicle
including a control apparatus for an internal combus-
tion engine according to a first embodiment of the
invention;

FIG. 2 is a control block diagram showing an engine
controlled by the control apparatus for an internal
combustion engine according to the first embodi-
ment of the invention;

FIG. 3 is a diagram showing a clutch;

FIG. 4 is afirst flowchart showing a control structure
of a program performed by an ECU of the control
apparatus for an internal combustion engine accord-
ing to the first embodiment of the invention;

FIG. 5 is a flowchart showing a second flowchart
showing a control structure of a program performed
by the ECU of the control apparatus for an internal
combustion engine according to the first embodi-
ment of the invention;

FIG. 6 is a third flowchart showing a control structure
of a program performed by the ECU of the control
apparatus for an internal combustion engine accord-
ing to the first embodiment of the invention;

FIG. 7 is a fourth flowchart showing a control struc-
ture of a program performed by the ECU of the con-
trol apparatus for an internal combustion engine ac-
cording to the first embodiment of the invention;
FIG. 8 is afirst flowchart showing a control structure
of a program performed by an ECU of a control ap-
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paratus for an internal combustion engine according
to a second embodiment of the invention;

FIG. 9is a second flowchart showing a control struc-
ture of a program performed by the ECU of the con-
trol apparatus for an internal combustion engine ac-
cording to the second embodiment of the invention;
FIG. 10is afirst flowchart showing a control structure
of a program performed by an ECU of a control ap-
paratus for an internal combustion engine according
to a third embodiment of the invention; and

FIG. 11is asecond flowchart showing a control struc-
ture of a program performed by the ECU of the con-
trol apparatus for an internal combustion engine ac-
cording to the third embodiment of the invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0024] Hereinafter, embodiments of the invention will
be described with reference to the drawings. In the fol-
lowing description, the same components are denoted
by the same reference numerals. The names and func-
tions of the same components are the same. Accordingly,
detailed description thereof will not be repeated.

[0025] First embodiment

Referring to FIG. 1, a vehicle including a control appara-
tus for an internal combustion engine according to a first
embodiment of the invention will be described. This ve-
hicle runs when driving force generated in an engine 100
is transmitted to a wheel 404 via a clutch 200, a trans-
mission 300, a differential gear 400, and a drive shaft
402. An electronic control unit (hereinafter, referred to as
"ECU") 500 controls the engine 100, the clutch 200, and
the transmission 300. Control of an internal combustion
engine according to the embodiment is realized, for ex-
ample, by a program performed by the ECU 500.
[0026] The engine 100 is a gasoline engine. The en-
gine 100 may be a diesel engine, instead of a gasoline
engine. The clutch 200 is connected to a crankshaft 600
of the engine 100. A clutch output shaft 202 is connected
to an input shaft 302 of the transmission 300 via a spline
310.

[0027] The transmission 300 includes a con-
stant-mesh gear train. In the transmission 300, a shift
speed is selected by sliding a shift fork shaft by an actu-
ator 304. The actuator 304 may be hydraulically operated
or may be electrically operated. The shift speed may be
selected by an actuator using a concentric slave cylinder.
[0028] The ECU 500 includes an engine ECU 502, a
transmission ECU 504, memory 506, and a counter 508.
The engine ECU 502 controls the engine 100. The trans-
mission ECU 504 controls the clutch 200 and the trans-
mission 300. Signals are sent and received between the
engine ECU 502 and the transmission ECU 504. The
memory 506 stores programs performed by the ECU 500,
maps used by the ECU 500, and the like. The counter
508 measures an elapsed time since shifting of the trans-
mission 300 is executed.
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[0029] The ECU 500 receives signals from a position
sensor 510, an accelerator pedal operation amount sen-
sor 512, a brake switch 514, a vehicle speed sensor 516,
an input shaft rotational speed sensor 518, an output
shaft rotational speed sensor 520, and a crank position
sensor 524 provided so as to be opposed to an outer
periphery of a timing rotor 522.

[0030] The position sensor 510 detects a shift position
of the shiftlever. The accelerator pedal operation amount
sensor 512 detects an accelerator pedal operation
amount of an accelerator pedal. The brake switch 514
detects whether a brake pedal is depressed. The vehicle
sensor 516 detects a vehicle speed. The input shaft ro-
tational speed sensor 518 detects a rotational speed of
the input shaft of the transmission 300. The output shaft
rotational speed sensor 520 detects a rotational speed
of an output shaft of the transmission 300. The crank
position sensor 524 detects an engine rotational speed.
[0031] The ECU 500 performs computations based on
the signals sent from the sensors, the elapsed time meas-
ured by the counter 508, the programs and maps stored
in the memory 506, and the like. In this embodiment, the
ECU 500 performs shifting (upshifting and downshifting)
based on operation of the shift lever performed by a driv-
er. Shifting may be performed based on operation of a
switch provided in a steering wheel (not shown), instead
of the operation of the shift lever.

[0032] Referring to FIG. 2, the engine 100 will be fur-
ther described. Air taken into the engine 100 is filtered
by an air cleaner 102. Then, the air passes through an
intake pipe 104 and an intake manifold 106, and is intro-
duced into a combustion chamber together with fuel in-
jected from an injector 108.

[0033] In the combustion chamber, air-fuel mixture is
ignited by an ignition plug 110, and is burned. When the
air-fuel mixture is burned, driving force is generated in
the engine 100. The burned air-fuel mixture, that is, ex-
haust gas is guided to an exhaust manifold 112, and pu-
rified by a catalyst 144. Then, the exhaust gas is dis-
charged to the outside of a vehicle.

[0034] The air introduced in the combustion chamber
is controlled by a throttle valve 114. An amount of air is
detected by an air flow meter 526, and a signal indicative
of aresult of detection is sent to the ECU 500. An opening
amount of the throttle valve 114 is detected by a throttle
opening amount sensor 528, and a signal indicative of a
result of detection is sent to the ECU 500.

[0035] ReferringtoFIG. 3, the clutch 200 will be further
described. The clutch 200 is a dry type single plate friction
clutch. As shown in FIG. 3, the clutch 200 includes a
clutch output shaft 202, a clutch disk 204 provided on the
clutch output shaft 202, a clutch housing 206, a pressure
plate 208 provided in the clutch housing 206, a diaphragm
spring 210, a clutch release cylinder 212, a release fork
214, and a release sleeve 216.

[0036] When the diaphragm spring 210 applies force
to the pressure plate 208 rightward in FIG. 3, the clutch
disk 204 is pressed to a fly wheel 602 fitted to the crank-
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shaft of the engine 100, and thus the clutch is engaged.
[0037] When the clutch release cylinder 212 moves
the release sleeve 216 rightward in FIG. 3 via the release
fork 214, an inner end portion of the diaphragm spring
210 is moved rightward in FIG. 3. When the inner end
portion of the diaphragm spring 210 is moved rightward
in FIG. 3, the pressure plate 208 is moved leftward in
FIG. 3, and the clutch disk 204 is separated from the fly
wheel 602 and thus the clutch is disengaged.

[0038] The clutch release cylinder 212 is operated
when hydraulic pressure of hydraulic oil pumped up by
a hydraulic pump 220 from a reservoir 218 is supplied to
the clutch release cylinder 212 via a clutch solenoid valve
222. The clutch solenoid valve 222 switches between
supply of the hydraulic pressure to the clutch release
cylinder 212 and discharge of the hydraulic pressure from
the clutch release cylinder 212. The clutch solenoid valve
222 is controlled by the ECU 500.

[0039] When the hydraulic pressure is supplied to the
clutch release cylinder 212, a piston of the clutch release
cylinder 212 is moved leftward in FIG. 3, and the release
sleeve 216 is moved rightward in FIG. 3. Thus, the clutch
is disengaged. The position of the piston of the clutch
release cylinder 212 (i.e., clutch stroke) is detected by a
clutch stroke sensor 532. A signal indicative of a result
of detection performed by the clutch stroke sensor 532
is sent to the ECU 500.

[0040] The ECU 500 detects whether the clutch 200
is in a disengaged state, in an engaged state, or in a
semi-engaged state, based on the signal sent from the
clutch stroke sensor 532. The clutch 200 may be oper-
ated by electric power.

[0041] Referring to FIG. 4, description will be made of
a control structure of a program performed by the ECU
500 of the control apparatus for an internal combustion
engine according to the embodiment.

[0042] Instep S300, the ECU 500 determines whether
shifting needs to be executed. The ECU 500 may deter-
mine whether shifting needs to be executed, for example,
based on a shift diagram and the like stored in the mem-
ory 506, or the ECU 500 may determine whether shifting
needs to be executed based on whether the driver has
performed operation of the shift lever. When shifting
needs to be executed ("YES" in step S300), the ECU 500
performs step S100. When shifting does not need to be
performed ("NO" in step S300), the ECU 500 finishes the
routine.

[0043] In step S100, the ECU 500 performs a shifting
time fuel cut permission flag setting sub-routine. In step
S200, the ECU 500 performs a shifting time fuel cut per-
forming flag setting sub-routine.

[0044] Instep S400, the ECU 500 determines whether
the shifting time fuel cut performing flag has been set.
When the shifting time fuel cut performing flag has been
set ("YES" in step S400), the ECU 500 performs step
S500. When the shifting time fuel cut performing flag has
not been set ("NO" in step S400), the ECU 500 performs
step S700.
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[0045] In step S500, the ECU 500 performs shifting
and fuel cut. In step S600, the ECU 500 sets a shifting
time fuel cut history flag. In step S700, the ECU 500 per-
forms shifting without performing fuel cut. In step S800,
the ECU 500 starts to measure the elapsed time since
execution of shifting, using the counter 508.

[0046] Referring to FIG. 5, the shifting time fuel cut
permission flag setting sub-routine will be described.
[0047] Instep S102, the ECU 500 estimates a catalyst
temperature TC based on the engine rotational speed,
an engine load, and the like. In step S104, the ECU 500
determines whether the catalyst temperature TC is high-
er than a predetermined temperature TCy. When the cat-
alyst temperature TC is higher than the predetermined
temperature TC( ("YES" in step S104), the ECU 500 per-
forms step S106. When the catalyst temperature TC is
equal to or lower than the predetermined temperature
TCy ("NO" in step S104), the ECU 500 performs step S
114.

[0048] Instep S106, the ECU 500 determines whether
the shifting time fuel cut history flag has been set. When
the shifting time fuel cut history flag has been set ("YES"
in step S106), the ECU 500 performs step S108. When
the shifting time fuel cut history flag has not been set
("NO" in step S106), the ECU 500 performs step S 114.
[0049] In step 108, the ECU 500 determines whether
a shift lever position when the shifting time fuel cut per-
mission flag setting sub-routine was performed last time
(i.e., a shift speed after shifting in step S500) is different
from the shift lever position when the shifting time fuel
cut permission flag setting sub-routine is performed this
time (i.e., a shift speed when step S108 is performed).
That is, shifting has been performed. When shifting has
been performed ("YES" in step S108), the ECU 500 per-
forms step S110. When shifting has not been performed
("NQO" in step S108), the ECU 500 performs step S 112.
In step S110, the ECU 500 resets the shifting time fuel
cut permission flag.

[0050] Instep S 112,the ECU 500 determines whether
the elapsed time since shifting was executed while fuel
cut was being performed has reached a predetermined
determination time. When the elapsed time has reached
the predetermined determination time ("YES" in step
S112), the ECU 500 performs step S114. When the
elapsed time has not reached the predetermined deter-
mination time ("NO" in step S 112), the ECU 500 finishes
the routine. In step S 114, the ECU 500 sets the shifting
time fuel cut permission flag. In step S 116, the ECU 500
resets the shifting time fuel cut history flag.

[0051] Referring to FIG. 6 and FIG. 7, the shifting time
fuel cut performing sub-routine will be described.
[0052] InstepS202,the ECU 500 calculates requested
net torque TS which the transmission 300 requests the
engine 100 to output. The net torque is torque that is
actually input to the transmission 300. The requested net
torque TS is calculated using an ordinary known method.
Therefore, detailed description of the method of calcu-
lating the requested net torque TS will be omitted.
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[0053] Instep S204, the ECU 500 determines whether
the requested net torque TS is lower than predetermined
requested net torque TS;. The requested net torque TS
is set to a value (for example, a negative value) such that
the requested net torque TS, cannot be output if fuel cut
is not performed. For example, when the clutch 200 is
disengaged, the requested nettorque TS becomes lower
than the predetermined requested nettorque TS in order
to suppress racing of the engine 100 due to a decrease
in aload. Thatis, when there is a request for disengaging
the clutch, the requested net torque TS becomes lower
than the predetermined requested net torque TS,. When
the requested net torque TS is lower than the predeter-
mined requested net torque TS, ("YES" in step S204),
the ECU 500 determines that the transmission 300 re-
quests an instantaneous decrease in the torque caused
by fuel cut, and the ECU 500 performs step S206. When
the requested net torque TS is equal to or higher than
the predetermined requested net torque TS, ("NO" in
step S204), the ECU 500 performs step S224 in FIG. 7.
[0054] Referring backto FIG. 6, in step S206, the ECU
500 converts the requested net torque TS to requested
indicated torque TZ. The indicated torque is torque that
is actually output by the engine 100. The requested in-
dicated torque TZ is calculated by adding friction torque
of machine parts and the like and load torque of auxiliary
machinery such as an alternator (not shown) to the re-
quested net torque TS. The requested indicated torque
TZis calculated using an ordinary known method. There-
fore, detailed description of the method of calculating the
requested indicated torque TZ will be omitted.

[0055] Instep S208, the ECU 500 determines whether
the requested indicated torque TZ is lower than prede-
termined requested indicated torque TZ. The predeter-
mined requested indicated torque TZj is set to the lowest
torque that can be output by the engine 100 by decreas-
ing an amount of intake air, or delaying ignition timing.
The lowest torque that can be output is the lowest torque
at which misfire, an engine stall, or the like does not occur
and the engine-can be normally operated, and is not a
functional limit. When the requested indicated torque TZ
is lower than the predetermined requested indicated
torque TZ, ("YES" in step S208), the ECU 500 performs
step S210. When the requested indicated torque TZ is
equal to or higher than the predetermined requested in-
dicated torque TZ, ("NO" in step S208), the ECU 500
performs step S224 in FIG. 7.

[0056] Referring back to FIG. 6, in step S210, the ECU
500 determines whether a fuel cut prohibition request
signal has been unsent. The fuel cut prohibition request
signal is a signal that is sent from the transmission ECU
504 to the engine ECU 502 when the clutch 200 is in the
engaged state. When the fuel cut prohibition request sig-
nal has been unsent ("YES" in step S210), that is, when
the clutch 200 is in the disengaged state, the ECU 500
performs step S216. When the fuel cut prohibition re-
quest signal has been sent ("NO" in step S210), that is,
when the clutch 200 is in the engaged state, the ECU
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502 performs step S214.

[0057] Instep S214,the ECU 500 determines whether
idling time fuel cut is being performed. The idling time
fuel cutis fuel cut performed when the engine 100is idling
during deceleration of the vehicle. When the idling time
fuel cutis being performed ("YES"in step S214), the ECU
500 performs step S216. When the idling time fuel cut is
not being performed ("NO" in step S214), the ECU 500
performs step S224 in FIG. 7.

[0058] Referring back to FIG. 6, in step S216, the ECU
500 determines whether the engine rotational speed is
higher than an idling time fuel cut return rotational speed.
The idling time fuel cut return rotational speed is a rota-
tional speed at which a state where the idling time fuel
cut is performed is returned to a state where the engine
100 is driven by injecting fuel. When the engine rotational
speed is higher than the idling time fuel cut return rota-
tional speed ("YES"in step S216), the ECU 500 performs
step S218 in FIG. 7. When the engine rotational speed
is equal to or lower than the idling time fuel cut return
rotational speed ("NO" in step S216), the ECU 500 per-
forms step S224.

[0059] Instep S218, the ECU 500 determines whether
the shifting time fuel cut permission flag has been set.
When the shifting time-fuel cut permission flag has been
set ("YES" in step S218), the ECU 500 performs step
S220. When the shifting time fuel cut permission flag has
not been set ("NO" in step S218), the ECU 500 performs
step S224.

[0060] Instep S220, the ECU 500 determines whether
an idling time fuel cut performing condition other than a
condition that the engine 100 is idling is satisfied. The
idling time fuel cut performing condition is the condition
for performing the idling timing fuel cut. For example, the
idling time fuel cut performing condition includes a con-
dition that a temperature of a catalyst is high, and a shift
speed is not the highest shift speed. As the idling time
fuel cut performing condition, a condition in ordinary
known art is used. Therefore, detailed description of the
idling time fuel cut performing condition will be omitted.
When the idling time fuel cut performing condition is sat-
isfied ("YES" in step S220), the ECU 500 performs step
S222. When the idling fuel cut performing condition is
not satisfied ("NO" in step S220), the ECU 500 performs
224. In step S222, the ECU 500 sets the shifting time
fuel cut performing flag. In step S224, the ECU 500 resets
the shifting time fuel cut performing flag.

[0061] Hereinafter, description will be made of opera-
tion of the ECU 500 of the control apparatus for an internal
combustion engine according to the embodiment of the
invention, based on the aforementioned structure and
the aforementioned flowchart. The following description
will be made on the assumption that fuel cut was per-
formed when a present shift speed was achieved (i.e.,
when shifting was executed last time) in step S500, and
the shifting time fuel cut history flag was set in step S600.
[0062] Afterfuel cutis performed during shifting in step
S500, the shifting time fuel cut history flag is set in step
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S600, and the counter 508 starts to measure the elapsed
time since the shifting in step S800, the shifting time fuel
cut permission flag setting sub-routine is performed again
in step S100.

[0063] In the shifting time fuel cut permission flag set-
ting sub-routine, a catalyst temperature TC is detected
in step S102. Then, it is determined whether the catalyst
temperature TC is higher than the predetermined tem-
perature TC in step S104.

[0064] When the catalyst temperature TC -is equal to
or lower than the predetermined temperature TC, ("NO"
in step S104), it can be determined that no problem may
be caused if the catalyst temperature is increased by fuel
cut. In this case, the shifting time fuel cut permission flag
is set in step S 114, and fuel cut is permitted to be suc-
cessively performed when shifting is executed. In this
case, the shifting time fuel cut history flag is reset in step
S 116.

[0065] Meanwhile, when the catalyst temperature TC
is higher than the predetermined temperature TC,
("YES" in step S104), it is necessary to suppress an in-
crease in the catalyst temperature caused by fuel cut. In
this case, in step S106, it is determined whether the shift-
ing time fuel cut history flag has been set. That is, in step
S106, it is determined whether fuel cut was performed
when shifting was executed last time.

[0066] Since fuel cut was performed when shifting was
executed last time in step S500, and the shifting time fuel
cut history flag was set in step S600 ("YES" in step S106),
it is necessary to prohibit fuel cut from being successively
performed when shifting is executed, at this time.
[0067] Inthe case where shifting was executed in step
S500 after the shifting time fuel cut permission flag setting
sub-routine was performed last time ("YES" in step
S108), the shifting time fuel cut permission flag is reset
in step S110. Thatis, every time shifting is executed while
fuel cut is being performed in step S500, the shifting time
fuel cut permission flagisresetin step S 110in the shifting
time fuel cut permission flag setting sub-routine which is
performed immediately after shifting is executed in step
S500.

[0068] After the shifting time fuel cut permission flag
isresetinstep S 110, itis determined whether the elapsed
time since execution of shifting has reached the deter-
mination time in step S112, as long as shifting continues
to be unperformed ("NO" in step S300, or "NO" in step
S108).

[0069] When the elapsed time since shifting was exe-
cuted in step S500 last time (i.e., since a present shift
speed was achieved) has reached the determination time
("YES" in step S 112), it can be determined that the cat-
alyst temperature TC may not be abnormally increased
and no problem may be caused even if fuel cut is per-
formed. In this case, the shifting time fuel cut permission
flag is set in step S 114, and fuel cut is permitted to be
successively performed when shifting is executed, and
the shifting time fuel cut history flag is resetin step S 116.
[0070] When the elapsed time since shifting was exe-
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cuted in step S500 last time has not reached the deter-
mination time ("NO" in step S 112), the shifting time fuel
cut permission flag remains in the reset state after being
reset in step S110. Therefore, the shifting time fuel cut
permission flag remains in the reset state after being re-
set in step S110 as long as shifting is repeated, for ex-
ample, by operation of the shift lever performed by the
driver (i.e., YES in step S300 and step S700 is performed)
until the elapsed time reaches the determination time.
Since the determination time is compared with the
elapsed time since execution of shifting, fuel cut can be
prohibited by setting the determination time to a short
time when shifting is repeated at short time intervals.
Therefore, when shifting is repeated at normal time in-
tervals, fuel cut can be permitted promptly, whereby fuel
efficiency can be improved.

[0071] After the shifting time fuel cut permission flag
setting sub-routine in step S100 is finished, the shifting
time fuel cut performing flag setting sub-routine is per-
formed in step S200. In the shifting time fuel cut perform-
ing flag setting sub-routine in step S200, the requested
net torque TS is calculated in step S202, and it is deter-
mined whether the requested net torque TS is lower than
the predetermined requested net torque TS in step
S204.

[0072] When the requested net torque TS is equal to
or higher than the predetermined requested net torque
TSy ("NO" in step S204), it can be determined that the
transmission 300 does not request an instantaneous de-
crease in the torque caused by fuel cut. In this case, the
shifting time fuel cut performing flag is reset in step S224.
Thus, even when shifting needs to be executed ("YES"
in step S300), shifting is executed without performing fuel
cut (i.e., NO in step S400, and step S700 is performed).
When shifting is executed without performing fuel cut in
step S700, the counter 508 starts to measure the elapsed
time since execution of shifting, in step S800.

[0073] Meanwhile, when the requested net torque TS
is lower than the predetermined requested net torque
TSy ("YES" in step S204), it can be determined that the
transmission 300 requests an instantaneous decrease
in the torque caused by fuel cut. In this case, the request-
ed net torque TS is converted to the requested indicated
torque TZ in step S206, and it is determined whether the
requested indicated torque TZ is lower than the prede-
termined requested indicated torque TZ in step S208.
Thus, itis determined whether the engine 100 can output
the torque requested by the transmission 300 by de-
creasing the amount of intake air or delaying ignition tim-
ing, even if fuel cut is not performed.

[0074] When the requested net torque TS is equal to
or higher than the predetermined requested net torque
TSy ("NO" in step S204), that is, when the engine 100
can output the torque requested by the transmission 300
even if fuel cut is not performed, the shifting time fuel cut
performing flag is reset in step S224. Accordingly, even
when shifting needs to be executed ("YES" in step S300),
shifting is executed without performing fuel cut ("NO in
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step S400, and step S700 is performed). Thus, it is pos-
sible to reduce the possibility that fuel cut is performed
in a region where the torque of the engine 100 can be
controlled. When shifting is executed without performing
fuel cut in step S700, the counter 508 starts to measure
the elapsed time since execution of shifting, in step S800.
[0075] When the requested indicated torque TZ is low-
er than the predetermined requested indicated torque
TZ, ("YES" in step S208), that is, when the engine 100
cannot output the torque requested by the transmission
300 if fuel cut is not performed, it is determined whether
the fuel cut prohibition request signal has been unsent
in step S210.

[0076] When the clutch 200 is in the engaged state,
and the fuel cut prohibition request signal has been sent
from the transmission ECU 504 to the engine ECU 502
("NO" in step S210), it is determined whether the idling
time fuel cut is being performed in step S214.

[0077] In the case where the clutch 200 is in the en-
gaged state ("NO" in step S210), when the idling time
fuel cut is not being performed ("NO" in step S214), it can
be determined that shock may be caused by a sudden
decrease in the torque if fuel cutis performed during shift-
ing. In this case, the shifting time fuel cut performing flag
is reset in step S224. Even when shifting needs to be
executed ("YES" in step S300), shifting is executed with-
out performing fuel cut ("NO" in step S400, and step S700
is performed). Thus, itis possible to reduce the possibility
that shock is caused by fuel cut, and therefore driveability
is deteriorated. When shifting is executed without per-
forming fuel cut in step S700, the counter 508 starts to
measure the elapsed time since execution of shifting, in
step S800.

[0078] When the clutch 200 is in the disengaged state,
that is, when the fuel cut prohibition request signal has
been unsent from the transmission ECU 504 to the en-
gine ECU 502 ("YES" in step S210), it can be determined
that shock may not be caused even if fuel cut is per-
formed.

[0079] Also, even when the clutch 200 is in the en-
gaged state ("NO" in step S210), if the idling time fuel cut
is being performed ("YES" in step S214), it can be deter-
mined that shock may not be caused even if fuel cut is
successively performed when shifting is executed.
[0080] Inthese cases (i.e., in the case of "YES" in step
S210, and in the case of "YES" in step S214), it is deter-
mined whether the engine rotational speed is higher than
the idling time fuel cut return rotational speed in step
S216.

[0081] When the engine rotational speed is equal to or
lower than the idling time fuel cut return rotational speed
("NO" in step S216), an engine stall may occur if fuel cut
is performed during shifting. In this case, the shifting time
fuel cut performing flag is reset in step S224, and even
if shifting needs to be executed ("YES" in step 5300),
shifting is executed without performing fuel cut ("NO" in
step S400, and step S700 is performed). Thus, it is pos-
sible to suppress occurrence of an engine stall due to
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fuel cut. When shifting is executed without performing
fuel cut in step S700, the counter 508 starts to measure
the elapsed time since execution of shifting, in step S800.
[0082] Whenthe engine rotational speed is higherthan
the idling time fuel cut return rotational speed ("YES" in
step S216), it can be determined that an engine stall may
not be caused even if fuel cutis performed during shifting.
In this case, it is determined whether the shifting time
fuel cut permission flag has been set in step S218.
[0083] When the shifting time fuel cut permission flag
has not been set ("NO" in step S218), fuel cut is being
prohibited from being performed at short time intervals
even if shifting is executed at short time intervals. In this
case, the shifting time fuel cut performing flag is reset in
step S224, and even if shifting can be executed while
fuel cut is being performed without causing an engine
stall, shifting is executed without performing fuel cut
("NO" in step S400, and step S700 is performed). Thus,
fuel cut is prohibited from being repeated at short time
intervals. Accordingly, an increase in the catalyst tem-
perature is suppressed, and deterioration of the catalyst
is suppressed. When shifting is executed without per-
forming fuel cut in step S700, the counter 508 starts to
measure the elapsed time since execution of shifting, in
step S800.

[0084] If the shifting time fuel cut permission flag has
been set ("YES" in step S218), it can be determined that
the catalyst 144 may not be deteriorated even if fuel cut
is performed during shifting. In this case, it is determined
whether the idling time fuel cut performing condition other
than the condition that the engine 100 is idling is satisfied
in step S220.

[0085] When the idling time fuel cut performing condi-
tion is not satisfied ("NO" in step S220), the shifting time
fuel cut performing flag is reset in step S224. Even if
shifting can be performed while fuel cut is being per-
formed without deteriorating the catalyst 144, shifting is
executed without performing fuel cut in step 700.
[0086] When the idling time fuel cut performing condi-
tion is satisfied ("YES" in step S220), the shifting time
fuel cut performing flag is set in step S222. When shifting
needs to be executed ("YES" in step S300), shifting is
executed while fuel cut is performed in step S500. When
shifting is executed while fuel cut is being performed in
step S500, the shifting time fuel cut history flag is set in
step S600, and the counter 508 starts to measure the
elapsed time since execution of shifting, in step S800.
[0087] As described above, the ECU of the control ap-
paratus for an internal combustion engine according to
the embodiment of the- invention resets the shifting time
fuel cut permission flag when fuel cut is performed during
shifting. In the case where shifting is executed next time
before the elapsed time since execution of shifting reach-
es the determination time, the shifting time fuel cut per-
mission flag remains in the reset state. In the case where
the shifting time fuel cut permission flag is in the reset
state, fuel cut is not performed when shifting is executed
next time. Thus, in the case where shifting is repeated
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at short time intervals, it is possible to reduce that pos-
sibility that fuel cut is successively performed. Therefore,
itis possible to suppress an increase in the catalyst tem-
perature. As a result, it is possible to suppress deterio-
ration of the catalyst due to fuel cut.

[0088] Also, because the elapsed time since execution
of shifting is measured, fuel cut can be suppressed when
shifting is repeated at short time intervals, and fuel cut
can be permitted promptly when shifting is not repeated,
by setting the determination time to a short time. Thus,
fuel efficiency can be improved.

[0089] Second embodiment

A second embodiment of the invention will be described
with reference FIG. 8 and FIG. 9. In the aforementioned
first embodiment, the shifting time fuel cut permission
flag remains in the reset state as long as shifting is re-
peated. However, in the second embodiment, after the
elapsed time reaches the determination time, the shifting
time fuel cut permission flag is set even if shifting is ex-
ecuted. Other portions of the control structure and func-
tions thereof are the same as in the first embodiment.
Therefore, detailed description thereof will be omitted.
[0090] Referringto FIG. 8, description will be made of
control running using a program performed by the ECU
500 of a control apparatus for an internal combustion
engine according to the second embodiment of the in-
vention.

[0091] AsshowninFIG. 8, inthe second embodiment,
another shifting time fuel cut permission flag setting
sub-routine is performed in step S900, instead of per-
forming the shifting time fuel cut permission flag setting
sub-routine in the first embodiment. The shifting time fuel
cut performing flag setting sub-routine is the same as in
the first embodiment. The same steps as in the first em-
bodiment are denoted by the same step numbers. Ac-
cordingly, detailed description thereof will be omitted.
[0092] As shownin FIG. 8, in step S802, the ECU 500
measures the elapsed time since shifting is executed
while fuel cut is being performed, using the counter 508.
[0093] Referring to FIG. 9, the shifting time fuel cut
permission flag setting sub-routine according to the sec-
ond embodiment will be described.

[0094] In step S902, the catalyst temperature TC is
detected. In step S904, the ECU 500 determines whether
the catalyst temperature TC is higher than the predeter-
mined temperature TCy. When the catalyst temperature
TC is higher than the predetermined temperature TC
("YES" in step S904), the ECU 500 performs step S906.
When the catalyst temperature TC is equal to or lower
than the predetermined temperature TCj ("NO" in step
S904), the ECU 500 performs step S920.

[0095] Instep S906, the ECU 500 determines whether
the shifting time fuel cut performing flag is in the reset
state. When the shifting time fuel cut performing flag is
in the reset state ("YES" in step S906), the ECU 500
performs step S908. When the shifting time fuel cut per-
forming flag is not in the reset state ("NO" in step S906),
the ECU 500 finishes the sub-routine.
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[0096] Instep S908, the ECU 500 determines whether
the shifting time fuel cut performing flag was set when
the shifting time fuel cut permission flag setting sub-rou-
tine was performed last time. When the shifting time fuel
cut performing flag was set ("YES" in step S908), the
ECU 500 performs step S910. When the shifting time
fuel cut performing flag was not set ("NO" in step S908),
the ECU 500 performs step S912.

[0097] In step S910, the ECU 500 resets the value of
the counter 508. In step S912, the ECU 500 calculates
a fuel cut prohibition period TP based on the value of the
counter 508.

[0098] Instep S914, the ECU 500 determines whether
the fuel cut prohibition period TP is shorter than a pre-
determined period TP,. When the fuel cut prohibition pe-
riod TP is shorter than the predetermined period TP
("YES" in step S914), the ECU 500 performs step S918.
When the fuel cut prohibition period TP is equal to or
longer than the predetermined period TP, ("NO" in step
S914), the ECU performs step S920.

[0099] In step S918, the ECU 500 resets the shifting
time fuel cut permission flag. In step $S920, the ECU 500
sets the shifting time fuel cut permission flag.

[0100] Description will be made of operation of the
ECU 500 of the control apparatus for an internal com-
bustion engine according to the second embodiment of
the invention, based on the aforementioned structure and
the aforementioned flowchart.

[0101] While the vehicle is running, the catalyst tem-
perature TC is detected in step S902. When the catalyst
temperature TC is equal to or lower than the predeter-
mined temperature TC, ("NO" in step S904), it can be
determined that the catalyst 144 may not be deteriorated
even if the catalyst temperature is increased by fuel cut.
In this case, the shifting time fuel cut permission flag is
set in step S920, and fuel cut is permitted during shifting.
[0102] Meanwhile, when the catalyst temperature TC
is higher than the predetermined temperature TC,
("YES" in step S904), the catalyst 144 may be deterio-
rated. Therefore, fuel cut needs to be suppressed. In this
case, if the shifting time fuel cut performing flag is in the
reset state ("YES" in step S906), it is determined whether
the shifting time fuel cut performing flag was in the set
state when the shifting time fuel cut permission flag set-
ting sub-routine was started last time, in step S908.
[0103] Inthe case where the shifting time fuel cut per-
forming flag was in the set state when the shifting time
fuel cut permission flag setting sub-routine was started
last time ("YES" in step S908), it can be determined that
the state of the shifting time fuel cut performing flag has
been changed from the set state to the reset state. In this
case, the value of the counter 508 is reset in step S910.
[0104] Meanwhile, in the case where the shifting time
fuel cut performing flag was in the reset state when the
shifting time fuel cut permission flag setting sub-routine
was started last time ("NO" in step S908), the counter
508 continues to measure the elapsed time. The fuel cut
prohibition period TP is calculated based on the value of
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the counter 508 in step S912.

[0105] When the fuel cut prohibition period TP is short-
er than the predetermined period TP, ("YES" in step
S914), the shifting time fuel cut permission flag is reset
in step S918. Thus, in the case where fuel cut during
shifting is requested before the predetermined period
TP, elapses since fuel cut was performed last time while
fuel cut was being performed, fuel cut is prohibited.
[0106] When the fuel cut prohibition period TP be-
comes equal to or longer than the predetermined period
TPy ("NO" in step S914), the shifting time fuel cut per-
mission flag is set in step S920. Thus, in the case where
the predetermined period TP has elapsed since shifting
is executed while fuel cut is being performed and the
same shift speed has been maintained for the predeter-
mined period TPy, fuel cut during shifting is permitted
thereafter. Therefore, fuel efficiency can be improved.
[0107] As described above, in the case where the pre-
determined period TP has elapsed since shifting is ex-
ecuted while fuel cut is being performed and the same
shift speed has been maintained for the predetermined
period TP, the shifting time fuel cut permission flag is
set. Thus, after the predetermined period TP, has
elapsed, fuel cut is performed even if the driver intention-
ally repeats shifting. Thus, fuel efficiency can be im-
proved.

[0108] Third embodiment

Referring to FIG. 10 and FIG. 11, a third embodiment of
the invention will be described. In the first embodiment,
fuel cut is performed during shifting. However, in the third
embodiment, when the engine is brought into the idling
state during shifting, idling time fuel cut is performed in
addition to fuel cut during shifting. Other portions of the
control structure and functions thereof are the same as
in the first embodiment. Therefore, detailed description
thereof will be omitted.

[0109] Referring to FIG. 10, description will be made
of a control structure of a program performed by the ECU
500 of a control apparatus for an internal combustion
engine according to the third embodiment.

[0110] Instep S1000, the ECU 500 determines wheth-
er shifting of the transmission 300 is being executed.
When shifting is being executed ("YES" in step S1000),
the ECU 500 performs step S1100. When shifting is not
being executed ("NO" in step S1000), the ECU 500 fin-
ishes the routine.

[0111] Instep S1100, the ECU 500 performs an idling
time fuel cut permission flag setting sub-routine. In step
S$1200, the ECU 500 determines whether the idling time
fuel cut performing condition is satisfied. When the idling
time fuel cut performing condition is satisfied ("YES" in
step S1200), the ECU 500 performs step S1300. When
theidling time fuel cut performing conditionis not satisfied
("NO" in step S1200), the ECU 500 finishes the routine.
[0112] Instep S1300, the ECU 500 determines wheth-
er an idling time fuel cut permission flag has been set.
When the idling time fuel cut permission flag has been
set ("YES" in step S 1300), the ECU 500 performs step
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S1400. When the idling time fuel cut permission flag has
not been set ("NO" in step S1300), the ECU 500 finishes
the routine. In step S1400, the ECU 500 performs fuel cut.
[0113] Referringto FIG. 11, the idling time fuel cut per-
mission flag setting sub-routine will be described.
[0114] InstepS 1102, the ECU 500 determines wheth-
er the fuel cut prohibition request signal has been sent
from the transmission ECU 504 to the engine ECU 502.
When the fuel cut prohibition request signal has been
sent ("YES" in step S 1102), that is, when the clutch 200
is in the engaged state, the ECU 500 performs step
S1104. When the fuel cut prohibition request signal has
not been sent ("NO" in step S 1102), that is, when the
clutch 200 is in the disengaged state, the ECU 500 per-
forms step S1108.

[0115] Instep S 1104, the ECU 500 determines wheth-
er the idling time fuel cut is unperformed. When the idling
time fuel cut is unperformed, that is, when the idling time
fuel cut is not being performed ("YES" in step S 1104),
the ECU 500 performs step S 1106. When the idling time
fuel cut is being performed ("NO" in step S 1104), the
ECU 500 performs step S 1108. In step S 1106, the ECU
500 resets the idling time fuel cut permission flag.
[0116] Instep S1108, the ECU 500 determines wheth-
er a torque priority request signal has been sent from the
transmission ECU 504 to the engine ECU 502. The
torque priority request signal is a signal that is sent from
the transmission ECU 504 to the engine ECU 502, for
example, when the engine rotational speed needs to be
synchronized with an input rotational speed of the trans-
mission 300, by causing the engine 100 to race during
shifting. While the torque priority request signal is sent,
the engine 100 increases the torque according to the
request from the transmission 300. When the torque pri-
ority request signal has been sent ("YES" in step S 1108),
the ECU 500 performs step S1110. When the torque pri-
ority request signal has not been sent ("NO" in step
S1108), the ECU 500 performs step S1118.

[0117] In step S1110, the ECU 500 calculates the re-
quested net torque TS. In step S1112, the ECU 500 de-
termines whether the requested net torque TS is lower
than the predetermined torque TS,. When the requested
net torque TS is lower than the predetermined torque
TSy ("YES" in step $1112), the ECU 500 performs step
S1114. When the requested net torque TS is equal to or
higher than the predetermined torque TS ("NO" in step
S1112), the ECU 500 performs step S 1106.

[0118] In step S 1114, the ECU 500 converts the re-
quested net torque TS to the requested indicated torque
TZ. In step S1116, the ECU 500 determines whether the
requested indicated torque TZ is lower than the prede-
termined torque TZ,. When the requested indicated
torque TZ is lower than the predetermined torque TZ,
("YES" in step S 1116), the ECU 500 performs step S
1118. When the requested indicated torque TZ is equal
to or higher than the predetermined torque TZ; ("NO" in
step S1116), the ECU 500 performs step S1106. In step
S1118, the ECU 500 sets the idling time fuel cut permis-
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sion flag.

[0119] Description will be made of operation of the
ECU 500 according to the third embodiment, based on
the aforementioned structure and the aforementioned
flowchart.

[0120] When shifting of the transmission 300 is being
executed while the vehicle is running ("YES" in step
S1000), the idling time fuel cut permission flag setting
sub-routine is performed in step S1100. In the idling time
fuel cut permission flag setting sub-routine performed in
step S1100, it is determined whether the fuel cut prohi-
bition request signal has been sent from the transmission
ECU 504 to the engine ECU 502, in step 1102. In the
case where the clutch 200 is in the engaged state, the
fuel cut prohibition request signal has been sent ("YES"
in step S1102), and the idling time fuel cut is unper-
formed, that is, the idling time fuel cut is not being per-
formed ("YES" in step S1104), the torque may be sud-
denly changed by fuel cut, and shock may be caused. In
this case, the idling time fuel cut permission flag is reset
in step S1106. After the idling time fuel cut permission
flag is reset in step S1106, even when the idling time fuel
cut performing condition is satisfied ("YES" in step
S1200), fuel cut is not performed ("NO" in step S 1300).
[0121] Meanwhile, when the fuel cut prohibition re-
quest signal has not been sent ("NO" in step S 1102),
that is, when the clutch 200 is in the disengaged state, it
can be determined that shock may not be caused even
if the torque is suddenly changed by fuel cut.

[0122] Also, even when the fuel cut prohibition request
signal has been sent ("YES" in step S1102), that is, even
when the clutch 200 is in the engaged state, if fuel cut is
being performed ("NO" in step S1104), it can be deter-
mined that shock may not be caused.

[0123] Inthiscase ("NO"instep S1102, or"NO"in step
1104), itis determined whether the torque priority request
signal has been sent from the transmission ECU 504 to
the engine ECU 502, in step S1108.

[0124] When the torque priority request signal has not
been sent ("NO" in step S 1108), it can be determined
that, for example, the engine rotational speed does not
need to be synchronized with the input shaft rotational
speed of the transmission 300 by causing the engine 100
to race. In this case, the idling time fuel cut permission
flag is set in step S1118. After the idling time fuel cut
permission flag is set in step S1118, when the idling time
fuel cut performing condition is satisfied ("YES" in step
S1200), fuel cut is performed ("YES" in step S1300, and
step S1400 is performed).

[0125] When the torque priority request signal has
been sent ("YES" in step S1108), it can be determined,
for example, that the engine rotational speed needs to
be synchronized with the input shaft rotational speed of
the transmission 300, by causing the engine 100 to race.
In this case, the requested net torque TS is calculated in
step S1110, and it is determined whether the requested
net torque TS is lower than the predetermined torque
TSy in step S1112.
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[0126] When the requested net torque TS is equal to
or higher than the predetermined torque TS; ("NO" in
step S1112), it can be determined that the transmission
300 does not request a decrease in the torque caused
by fuel cut. In this case, the idling time fuel cut permission
flag is reset in step S 1106. After the idling time fuel cut
permission flag is reset in step S1106, even when the
idling time fuel cut performing condition is satisfied
("YES" in step S1200), fuel cut is not performed ("NO" in
step S1300).

[0127] Whentherequested nettorque TSislowerthan
the predetermined torque TS, ("YES" in step S1112), it
can be determined that the transmission 300 is request-
ing fuel cut. Then, the requested net torque TS is con-
verted to the requested indicated torque TZ in step
S1114, and it is determined whether the requested indi-
cated torque TZ is lower than the predetermined torque
TZ,in step S 1116.

[0128] When the requested indicated torque TZ is
equal to or higher than the predetermined torque TZ,
("NO"in step S1116), itcan be determined that the engine
100 can output the torque requested by the transmission
300 by decreasing the amount of intake air, or by delaying
the ignition timing, even if fuel cut is not performed. In
this case, the idling time fuel cut permission flag is reset
in step S1106. After the idling time fuel cut permission
flag is resetin step S1106, even when the idling time fuel
cut performing condition is satisfied ("YES" in step
S1200), fuel cut is not performed ("NO" in step S1300).
[0129] When the requested indicated torque TZ is low-
er than the predetermined torque TZ, ("YES" in step S
1116), it can be determined that the engine 100 cannot
output the torque requested by the transmission 300 if
fuel cut is not performed. In this case, the idling time fuel
cut permission flag is set in step S1118. After the idling
time fuel cut permission flag is set in step S1118, when
the idling time fuel cut performing condition is satisfied
("YES" in step S1200), fuel cut is performed ("YES" in
step S1300, and step S 1400 is performed).

[0130] As described above, when the torque priority
signal has not been sent from the transmission ECU to
the engine ECU during shifting, the ECU of the control
apparatus for an internal combustion engine according
to the third embodiment sets the idling time fuel cut per-
mission flag. Also, even when the torque priority signal
has been sent, if the engine cannot output the torque
requested by the transmission if fuel cut is not performed,
the idling time fuel cut permission flag is set. After the
idling time fuel cut permission flag is set, when the idling
time fuel cut performing condition is satisfied, fuel cut is
performed. Thus, the region where idling time fuel cut is
performed can be increased, and fuel efficiency can be
improved.

[0131] Thus, the embodiment of the invention that has
been disclosed in the specification is to be considered in
all respects as illustrative and not restrictive. The tech-
nical scope of the invention is defined by claims, and all
changes which come within the meaning and range of
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equivalency of the claims are therefore intended to be
embraced therein.

control means should be prohibited from stopping

bustion engine to output; and torque determination
means for determining whether the control means
should be permitted to stop the fuel supply, or the

13

the fuel supply, based on the requested torque.

The control apparatus according to claim 4, wherein

Claims 5 the torque determination means further includes

means for determining that the control means should

A control apparatus for an internal combustion en- be permitted to stop the fuel supply when the re-

gine which is connected to an automatic transmis- quested torque is lower than predetermined torque,

sion (300) including a constant-mesh gear train, and determining that the control means should be

wherein exhaust gas discharged from the internal 70 prohibited from stopping the fuel supply when the

combustion engine (100) is purified by a catalyst, requested torque is equal to or higher than the pre-

and the control apparatus includes fuel supply determined torque.

means (108) for performing fuel supply to the internal

combustion engine (100); control means for control- The control apparatus according to claim 5, wherein

ling the fuel supply means (108) so as to stop the 75 the predetermined torque is lowest torque that the

fuel supply to the internal combustion engine (100) internal combustion engine can output.

when shifting of the automatic transmission (300) is

executed; and detection means for detecting a tem- The control apparatus according to any one of claims

perature of the catalyst, characterized in that 1 to 6, wherein the internal combustion engine is

the control apparatus includes determination means 20 connected to the automatic transmission via a clutch

for determining whether the control means should (200); and the control apparatus further includes

be permitted to stop the fuel supply, or the control means for determining that the control means should

means should be prohibited from stopping the fuel be permitted to stop the fuel supply when the clutch

supply, based on the temperature of the catalyst and (200) is in a disengaged state, determining that the

an elapsed time since execution of shifting. 25 control means should be permitted to successively
stop the fuel supply when the clutch (200) is in an

The control apparatus according to claim 1, wherein engaged state and the fuel supply is being stopped,

the determination means further includes means for and determining that the control means should be

determining that the control means should be per- prohibited from stopping the fuel supply when the

mitted to stop the fuel supply after a predetermined 30 clutch (200) is in the engaged state and the fuel sup-

determination time has elapsed since shifting was ply is being performed.

executed last time, and determining that the control

means should be prohibited from stopping the fuel A control method for an internal combustion engine

supply before the predetermined determination time which is connected to an automatic transmission

elapses since shifting was executed last time, ina 35 (300) including a constant-mesh gear train, the con-

case where the temperature of the catalyst is higher trol method including the step of detecting a temper-

than a predetermined temperature. ature of a catalyst that purifies exhaust gas dis-
charged from the internal combustion engine (100),

The control apparatus according to claim 1, wherein the control method being characterized by com-

the determination means further includes means for 40 prising the steps of:

determining that the control means should be per-

mitted to stop the fuel supply after a predetermined measuring an elapsed time since shifting of the

determination time has elapsed since the control automatic transmission (300) is executed; and

means cancels stop of the fuel supply, and deter- determining whether stop of fuel supply should

mining that the control means should be prohibited 45 be permitted or prohibited, based on the detect-

from stopping the fuel supply before the predeter- ed temperature of the catalyst and the measured

mined determination time elapses since the control elapsed time.

means cancels stop of the fuel supply, in a case

where the temperature of the catalyst is higher than

a predetermined temperature. 50

The control apparatus according to any one of claims

1to 3, wherein the control apparatus further includes

means for calculating requested torque which the

automatic transmission requests the internal com- 55
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