007/0109:577 A1 |0 0000 0 000 OO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | [I

) IO O OO 5O

International Bureau

(43) International Publication Date
25 January 2007 (25.01.2007)

(10) International Publication Number

WO 2007/010957 Al

(51) International Patent Classification:
F02D 41/02 (2006.01) F02D 41/12 (2006.01)

FO02D 41/04 (2006.01)
(21) International Application Number:
PCT/IP2006/314337
(22) International Filing Date: 13 July 2006 (13.07.2006)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

2005-208234 19 July 2005 (19.07.2005) JP

(71) Applicants (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi, 4718571 (JP). YAMAHA
HATSUDOKI KABUSHIKI KAISHA [JP/JP]; 2500,
Shingai, Iwata-shi, Shizuoka, 4388501 (JP).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): HIROWATARI,
Seiji [JP/IJP]; c/o TOYOTA JIDOSHA KABUSHIKI
KAISHA, 1, Toyota-cho, Toyota-shi, Aichi, 4718571 (JP).
IDOGAWA, Masanao [JP/JP]; c/o TOYOTA JIDOSHA
KABUSHIKI KAISHA, 1, Toyota-cho, Toyota-shi, Aichi,

(74)

(81)

(34)

4718571 (JP). TERAOKA, Masahiko [JP/JP]; c/o TOY-
OTA JIDOSHA KABUSHIKI KAISHA, 1, Toyota-cho,
Toyota-shi, Aichi, 4718571 (JP). SUGIYAMA, Fumi-
toshi [JP/JP]; ¢/o YAMAHA HATSUDOKI KABUSHIKI
KAISHA, 2500, Shingai, Iwata-shi, Shizuoka, 4388501
(JP). TAKIDA, Dai [JPIP]; c/o YAMAHA HATSU-
DOKI KABUSHIKI KAISHA, 2500, Shingai, Iwata-shi,
Shizuoka, 4388501 (JP).

Agents: FUKAMI, Hisao et al.; Fukami Patent Of-
fice, Nakanoshima Central Tower, 22nd Floor, 2-7,
Nakanoshima 2-chome, Kita-ku, Osaka-shi, Osaka

5300005 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, KE,
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU,
LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG,
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, 7ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: INTERNAL COMBUSTION ENGINE CONTROLLER

AGGELERATOR POSITION PA
<THRESHOLD VALUE AND

RATE OF INCREASE DNE OF ROTAT{ON NUMBER
=DETERMINATION VALUE DNE(0)?2

S100

| outpur FuEL-GUT INSTRUGT IoN |~ S200

!

| FULLY CLOSE THROTTLE |/S3°°

|

FUEL-CUT
STARTED?

S400

YES
$600

| suspend

L]

5500
IGNITION r | END IGNITION SUSPENSION I/

{ RETURN )

o (57) Abstract: An engine ECU executes a program including: the step of outputting a fuel-cut instruction (S200) when conditions
that an accelerator position PA is not higher than a threshold value and a rate of increase DNE of engine speed NE is not lower than a
determination value DNE(0) are satisfied (YES at S100); the step of fully closing throttle opening (S300); and the step of suspending

WO

ignition of air-fuel mixture by a spark plug (S500).



WO 2007/010957 A1 | NI DA 000 0T 0000 0

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, Published:

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  with international search report

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gagzette.



10

15

20

25

WO 2007/010957 PCT/JP2006/314337

DESCRIPTION

Internal Combustion Engine Controller

Technical Field
The present invention relates to an internal combustion engine controller and,
more specifically, to a control technique reducing the number of rotations of an output

shaft of the internal combustion engine at the time of gear shifting.

Background Art

Conventionally, a vehicle having manual transmission has been known, in which
gear shifting is done manually while the clutch is disengaged by a driver operation on a
clutch pedal. In such a vehicle, a shock comes when the clutch is engaged again after
gear shifting, if the number of rotations of an output shaft of the engine does not match
the number of rotations of an input shaft of the transmission. Therefore, a technique of
attaining synchronization between the number of rotations of an output shaft of the
engine and the number of rotations of an input shaft of the transmission at the time of
gear shifting has been proposed.

Japanese Patent Laying-Open No. 2001-74135 discloses a transmission control

- device capable of suppressing generation of the shock experienced at the time of shift

change, that is, the shift shock. The transmission control device described in Japanese
Patent Laying-Open No. 2001-74135 includes, in a manual transmission vehicle
including an engine and a manual transmission connected to the engine through a clutch,
a transmission input shaft rotation number detecting unit for detecting the number of
rotations of the input shaft of the manual transmission, on the input shaft side of the
manual transmission, and a control unit controlling engine speed (number of rotations)
of the engine such that it is synchronized with the number of rotations of the input shaft

of manual transmission in accordance with a detection signal from the transmission input
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shaft rotation number detecting unit, regardless of an accelerator position, when the
clutch is disengaged (released). The control unit determines an amount of control
reflecting the difference between the number of rotations of the input shaft of the manual
transmission and the engine speed at the time of an up-shifting from a preset map, and
controls the engine speed based on the amount of control, so that the engine speed
decreases. Further, when the difference between the number of rotations of the input
shaft of the manual transmission and the engine speed is nét larger than a prescribed
vélue, the control unit determines an amount of control found from the preset map to be
zero, so that engine speed control is ‘not performed.

According to the transmission control device in accordance with this laid-open
application, the control unit has a function of controlling the engine speed such that it is
synchronized with the number of rotations of the input shaft of manual transmission in
accordance with a detection signal from the transmission input shaft rotation number
detecting unit, regardless of an accelerator position when the clutch is disengaged, and
therefore, the shock at the time of shift change, that is, the shift shock, can be
suppressed.  Further, the control unit additionally has a function of determining the
amount of control reflecting the difference between the number of rotations of the input
shaft of the manual transmission and the engine speed at the time of an up-shifting from
a preset map and controlling the engine speed based on the amount of control, so that
the engine speed decreases. Therefore, even when the driver shifts the gear up (up-
shift) while continuously pressing the acceleration pedal, the difference between the
engine speed and the number of rotations of the input shaft of the manual transmission
can automatically be absorbed, and efficient transmission control is possible.  Further,
the control unit additionally has a function of determining the amount of control found
from a preset map to be zero, so as not to perform engine speed control. Therefore,
engine speed control is not performed when the difference between the number of
rotations of the input shaft of the manual transmission and the engine speed is not larger

than a prescribed value, that is, when the vehicle is started from the stopped state, and
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therefore, a factor that may hinder the half-clutch starting operation can be avoided.

In an engine having inertia mass of a flywheel or intake volume enlarged in order
to increase engine output, even when the accelerator is set to the full close position for
an up-shift, sometimes the engine speed still continues to increase for a while.
Therefore, if engine speed control is not performed when the difference between the
number of rotations of the input shaft of the manual transmission and the engine speed is
not larger than a prescribed value, as in the transmission control device described in the
ldid-open application mentioned above, the difference in the number of rotations would
be considerably large by the time the clutch is re-engaged, even if the difference is small
at the start of gear shifting. If the clutch is re-engaged in this state, a shift shock is
likely.

Disclosure of the Invention

An object of the present invention is to provide a controller for an internal
combustion engine capable of suppressing a shift shock.

According to an aspect, the controller for an internal combustion engine controls
an internal combustion engine coupled to a transmission through a friction engagement
element transmitting a driving force. The controller includes a control unit controlling
the internal combustion engine such that number of rotations of an output shaft of the
internal combustion engine is reduced when an accelerator position is smaller than a
predetermined open position and rate of increase in the number of rotations of the
output shaft of the internal combustion engine is larger than a predetermined
determination value.

According to the present invention, the internal combustion engine is controlled
such that when the accelerator position is smaller than a predetermined position (for
example, when it could be regarded as fully closed) and the rate of increase of the
number of rotations of the output shaft of the internal engine is larger than a

predetermined determination value, the number of rotations of the output shaft is
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reduced. Thus, at the time of gear shifting (particularly, up-shifting), the number of
rotations of the output shaft of the internal combustion engine is prevented from
attaining excessively high with respect to the number of rotations of the input shaft after
gear shifting of the transmission. Consequently, when a friction engagement element,
which has been released at the time of gear shifting, is re-engaged, shock generation can
be suppressed.  As a result, an internal combustion engine controller that can suppress
a shift shock can be provided.

' Preferably, the control unit controls the internal combustion engine such that the
number of rotations of an output shaft of the internal combustion engine is reduced
while the friction engagement element is engaged and the driving force is being
transmitted from the internal combustion engine to the transmission.

According to the present invention, in a state in which the friction engagement
element is engaged and the driving force is being transmitted from the internal
combustion engine to the transmission, the internal combustion engine is controlled such
that the number of rotations of the output shaft of the internal combustion engine is
reduced. Thus, the rotation number of the output shaft can be reduced quickly before
the disengagement‘ of the friction engagement element, that is, before the start of gear
shifting. Consequently, when the friction engagement element, which has been released
at the time of gear shifting, is re-engaged, shock generation can be suppressed. Asa
result, a shift shock can be suppressed.

More preferably, the determination value is determined based on a gear ratio of
the transmission and the number of rotations of the output shaft of the internal
combustion engine.

According to the present invention, the determination value is determined based
on the gear ratio of the transmission and on the number of rotations of the output shaft
of the internal combustion engine. Therefore, an appropriate determination value that
corresponds to the state of running of the vehicle at the time of gear shifting can be

obtained. The determination value as such is compared with the rate of increase of the
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rotation number of output shaft of the internal combustion engine, and whether the
control should be performed to reduce the rotation number of output shaft or not is
determined. As a result, the internal combustion engine can be controlled appropriately
in accordance with the state of running of the vehicle at the time of gear shifting, and a
shift shock can be suppressed.

More preferably, the controller further includes a correcting unit correcting the
determination value based on a degree of change of load factor of the internal
combustion engine.

According to the present invention, the determination value is corrected based
on the degree of change in load factor of the internal combustion engine. By way of
example, the determination value is corrected to be larger as the degree of change in the
load factor is larger. The reason for this is as follows. When the speed is accelerated
rapidly, particularly with low gear (for example, first gear), the number of rotations of
the output shaft of the internal combustion engine readily increases as the gear ratio is
high, and hence, the rate of increase of the number of rotations of the output shaft of the
internal combustion engine tends to be high after the acceleration pedal is fully closed.
When the speed ié decelerated rapidly, particularly with low gear, the number of
rotations of the output shaft of the internal combustion engine readily decreases as the
gear ratio is high, and the control tends to enter ISC (Idle Speed Control). When

entering the ISC, the output of the internal combustion engine increases, and therefore,

the rotation number of the output shaft, which has been decreased, starts to increase.

Here, with high gear ratio, rotation number of the output shaft tends to increase at a
high rate of increase. In such situations, if the internal combustion engine is controlled
such that the rotation number of the output shaft becomes lower while the driver has no
intension of gear shifting, the behavior of the internal combustion engine would be
different from what the driver expects. Therefore, the determination value is corrected
such that it becomes larger as the degree of change of load factor becomes larger.

Specifically, when rapid acceleration or rapid deceleration with low gear seems to have
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occurred, the determination value is corrected to be larger. Therefore, the
determination value can be set to a more appropriate value reflecting the state of running
of the vehicle, and erroneous determination as to whether control should be done to
reduce the rotation number of the output shaft or not can be suppressed.

Preferably, the correcting unit corrects the determination value to a larger value.

According to the present invention, the determination value is corrected to be
larger. By way of example, the determination value is corrected to be larger as the
degree of change in the load factor is larger.  Specifically, when rapid acceleration or
rapid deceleration with low gear seems to have occured, the determination value is
corrected to a larger and more appropriate value, and erroneous determination as to
whether control should be done to reduce the rotation number of the output shaft or not
can be suppressed.

More preferably, the correcting unit corrects the determination value such that
amount of correction of the determination value decreases gradually.

According to the present invention, as rapid increase in the rotation number of
the output shaft of internal combustion engine may intermittently continue when rapid
acceleration or rapid deceleration with low gear occurs, the determination value is
corrected such that the amount of correction to the determination value decreases
gradually. Specifically, correction of the determination value is continued for a while
so that the determination value becomes smaller with time. As a result, the
determination value can be set to a more appropriate value, and erroneous determination
as to whether control should be done to reduce the rotation number of the output shaft
or not can be suppressed.

More preferably, the control unit controls the internal combustion engine such
that the number of rotations of an output shaft of the internal combustion engine is
reduced, by performing at least one of suspension of ignition in the internal combustion
engine, suspension of fuel injection in the internal combustion engine and reduction of

throttle opening in the internal combustion engine.
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According to the present invention, by suspending ignition or suspending fuel
injection in the internal combustion engine to stop burning in the cylinder, or by
decreasing throttle opening position to enlarge pumping loss, the rotation number of the
output shaft of internal combustion engine is reduced. Consequently, when the friction
engagement element, which has been released at the time of gear shifting, is re-engaged,
shock generation can be suppressed. ~ As a result, a shift shock can be suppressed.

More preferably, the control unit controls the internal combustion engine such
that the number of rotations of an output shaft of the internal combustion engine is
reduced, by suspending ignition in the internal combustion engine and thereafter
suspending fuel injection in the internal combustion engine.

According to the present invention, ignition in the internal combustion engine is
suspended and, thereafter, fuel injection is suspended. The reason for this is as follows.
In a direct injection engine in which fuel is directly injected to the cylinder, the fuel is
injected in an intake stroke or a compression stroke, and then an air-fuel mixture is
ignited. In other words, the timing of fuel injection is earlier than the timing of ignition.
Therefore, the amount and timing of fuel injection are determined at an earlier stage than
the ignition timing. Therefore, at the stage where it is determined to execute control to
reduce the rotation number of the output shaft of internal combustion engine, the
amount and timing of fuel injection could have been already determined and fuel
injection cannot be suspended. Even in such a situation, it may be likely that the
ignition timing is not yet determiﬁed and therefore ignition can be suspended.

Therefore, when it is impossible to suspend fuel injection, ignition is suspended first to
stop burning in the cylinder, and then, fuel injection is suspended, so that burning in the
cylinder is reliably stopped. Thus, the number of rotations of the output shaft of
internal combustion engine can be reduced rapidly. Consequently, when the friction
engagement element, which has been released at the time of gear shifting, is re-engaged,
shock generation can be suppressed. As a result, a shift shock can be suppressed.

More preferably, the control unit controls the internal combustion engine such
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that the number of rotations of an output shaft of the internal combustion engine is
reduced, by retarding ignition timing in the internal combustion engine and thereafter,
suspending fuel injection in the internal combustion engine.

According to the present invention, the ignition timing in the internal combustion
engine is retarded and, thereafier, fuel injection is suspended. The reason for this is as
follows. Particularly in a direct injection engine in which fuel is directly injected to the
cylinder, the fuel is injected in an intake stroke or a compression stroke, and then an air-
fuel mixture is ignited. In other words, the timing of fuel injection is earlier than the
timing of ignition. Therefore, the amount and timing of fuel injection are determined at
an earlier stage than the ignition timing. Therefore, at the stage where it is determined

to execute control to reduce the rotation number of the output shaft of internal

- combustion engine, the amount and timing of fuel injectioﬁ could have been already

determined and fuel injection cannot be suspended. Even in such a situation, it may be
likely that the ignition timing is not yet determined and therefore, it is often possible to
retard the ignition timing.  Accordingly, if it is impossible to suspend fuel injection, the
ignition timing is retarded first to lower the output of the internal combustion engine,
and thereafter, fuel injection is suspended to stop burning in the cylinder. Thus, the
number of rotations of the output shaft of internal combustion engine can be reduced
rapidly. Consequently, when the friction engagement element, which has been released
at the time of gear shifting, is re-engaged, shock generation can be suppressed. Asa
result, a shift shock can be suppressed.

More preferably, the control unit controls the internal combustion engine such
that the number of rotations of an output shaft of the internal combustion engine is
reduced, by reducing opening of the throttle in the internal combustion engine and
thereafter suspending at least one of ignition and fuel injection in the internal combustion
engine.

According to the present invention, the throttle opening position is reduced first

to enlarge pumping loss, and thereafter, at least one of ignition and fuel injection in the
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internal combustion engine is suspended to stop burning in the cylinder, whereby the
internal combustion engine is controlled such that the number of rotations of the output
shaft is reduced. Thus, the number of rotations of the output shaft of internal
combustion engine can be reduced rapidly. Consequently, when the friction
engagement element, which has been released at the time of gear shifting, is re-engaged,
shock generation can be suppressed.  As a result, a shift shock can be suppressed.

More preferably, the controller further includes: a throttle valve control unit
dontrolling a throttle valve such that the throttle valve is opened in a state of operation
in which the accelerator position is smaller than the predetermined open position,
different from an idle state of the internal combustion engine; and an inhibiting unit
inhibiting reduction of the number of rotations of the output shaft of the internal
combustion engine by the control unit when the throttle valve is opened under the
control of the throttle valve control unit.

According to the present invention, in a state of operation different from the idle
state of the internal combustion engine, when the accelerator position is smaller than a
predetermined opening position, control is done so that the throttle valve is opened.
By way of example, under cruise control for steadily running the vehicle at a set speed
or under VSC (Vehicle Stability Control), the throttle valve is controlled such that it is
opened in a state of operation in which the accelerator position is fully closed, in
response to a request to open the throttle valve.  That the throttle valve is opened
under such control means that driving force from the internal combustion engine is
required to attain the desired state of running of the vehicle. Therefore, in that case,
control of the internal combustion engine to reduce the rotation number of the output
shaft is inhibited. Thus, unnecessary reduction of the number of rotations of output
shaft can be suppressed, and the desired running state of the vehicle is attained.

According to another aspect, the present invention provides a controller for an
internal combustion engine, including: a determining unit determining whether number

of rotations of an output shaft of the internal combustion engine is to be reduced or not;
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and a control unit controlling the internal combustion engine such that, when it is
determined that the number of rotations of the output shaft of the internal combustion
engine is to be reduced, the number of rotations of an output shaft of the internal
combustion engine is reduced by retarding ignition timing in the internal combustion
engine and thereafter suspending fuel injection in the internal combustion engine.
According to the present invention, the timing of ignition by the internal
combustion engine is retarded and, thereafter, fuel injection is susf)ended. The reason
for this is as follows. Particularly in a direct injection engine in which fuel is directly
injected to the cylinder, the fuel is injected in an intake stroke or a compression stroke,
and then an air-fuel mixture is ignited. In other words, the timing of fuel injection is
earlier than the timing of ignition. Therefore, the amount and timing of fuel injection

are determined at an earlier stage than the ignition timing. Therefore, at the stage

—

where it is determined to execute control to reduce the rotation number of the output
shaft of internal combustion engine, the amount and timing of fuel injection could have
been already determined and fuel injection cannot be suspended. Even in such a
situation, it may be likely that the ignition timing is not yet determined and therefore, it
is often possible to retard the ignition timing. Accordingly, if it is impossible to
suspend fuel injection, the ignition timing is retarded first to lower the output of the
internal combustioq engine, and thereafier, fuel injéction is suspended to stop burning in
the cylinder. Therefore, when it is determined at the time of gear shifting (particularly
at the time of up-shifting) to reduce the number of rotations of output shaft as the rate
of increase in the number of rotations of output shaft of the internal combustion engine
is high while the accelerator is at the full close position, the number of rotations of
output shaft is reduced rapidly, suppressing excessive increase in the number of
rotations of output shaft of the internal combustion engine with respect to the number of
rotations of input shaft after gear shifting of the transmission. Thus, the number of
rotations of the output shaft of internal combustion engine can be reduced rapidly.

Consequently, when the friction engagement element, which has been released at the
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time of gear shifting, is re-engaged, shock generation can be suppressed. As a result,
an internal combustion engine controller capable of suppressing a shift shock can be
provided.

Preferably, the internal combustion engine is coupled to a transmission. The
control unit controls the internal combustion engine such that the number of rotations of
an output shaft of the internal combustion engine is reduced, by retarding ignition timing
in the internal combustion engine and thereafter, suspending fisel injection in the internal
combustion engine.

According to the present invention, at the time of gear shifting, the timing of
ignition by the internal combustion engine is retarded and, thereafter, fuel injection is
suspended. Therefore, when it is determined at the time of gear shifting (particularly at
the time of up-shifting) to reduce the number of rotations of output shaft as the rate of
increase in the number of rotations of output shaft of the internal combustion engine is
high while the accelerator is at the full close position, the number of rotations of output
shaft is reduced rapidly, suppressing excessive increase of the number of rotations of
output shaft of the internal combustion engine with respect to the number of rotations of
input shaft after gear shifting of the transmission. Thus, the number of rotations of the
output shaft of internal combustion engine can be reduced rapidly. Consequently,
when the friction engagement element, which has been released at the time of gear
shifting, is re-engaged, shock generation can be suppressed. As a result, shift shock

can be suppressed.

Brief Description of the Drawings

Fig. 1 shows an overall configuration of an engine controlled by a controller in
accordance with an embodiment of the present invention.

Fig. 2 is a flowchart (part 1) representing a control structure of a program

executed by an engine ECU as a controller in accordance with the embodiment of the

present invention.
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Fig. 3 is a flowchart (part 2) representing a control structure of a program
executed by an engine ECU as a controller in accordance with the embodiment of the
present invention. |

Fig. 4 is a timing chart representing a timing of executing a fuel-cut.

Fig. 5 is a timing chart representing a relation between the time point of
determining amount and timing of fuel injection and the time point of determining
ignition timing. |

Fig. 6 is a timing chart representing behavior of engine speed NE, when the

speed is rapidly accelerated or decelerated with low gear.

Best Modes for Carrying Out the Invention

In the following, an embodiment of the present invention will be described with
reference to the figures. In the description below, the same components are denoted
by the same reference characters. They have the same names and functions.
Therefore, detailed description thereof will not be repeated.

Fig. 1 shows an overall configuration of a direct injection engine controlled by
the controller in accordance with the present invention. An engine body 10 includes a
cylinder block 100 covered at an upper portion with a cylinder head 110, and a piston
120 is slidably held in a cylinder 100A formed in cylinder block 100.
Upward/downward reciprocal motion of piston 120 in cylinder 100A is translated to a
rotational motion of a crank shaft 130, and transmitted to a transmission 300 and the
like. At the start of engine operation, crank shaft 130 is connected through a flywheel
140 to a starter 30. Between flywheel 140 and transmission 300, a clutch 310 is
provided.

In the present embodiment, transmission 300 ié a manual transmission shifted by
a manual operation by the driver. Clutch 310 is engaged/disengaged by an operation
by the driver.

Above piston 120, a combustion chamber 1000 is formed, with cylinder 100 and
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cylinder head 110 serving as chamber walls. In combustion chamber 1000, an air-fuel
mixture is burned, and the explosive force of combustion causes upward/downward
reciprocal motion of piston 120. Ignition of the air-fuel mixture is done by a spark
plug 150 provided through cylinder head 110 and protruding to combustion chamber
1000. ‘

The air of the air-fuel mixture is supplied through cylinder head 110 and an
intake manifold 1010 formed in an intake pipe connected to the head. ComBustion
chamber 1000 is exhausted through an exhaust manifold 1020. On cylinder head 110,
an intake valve 160 opening/closing communication between intake manifold 1010 and
combustion chamber 1000 and an exhaust valve 170 opening/closing communication
between exhaust manifold 1020 and combustion chamber 1000 are attached.

In the intake manifold, a flap-type throttle valve 190 is provided, and the airflow
in intake manifold 1010 is adjusted in accordance with the open position of the valve.

The fuel of air-fuel mixture is supplied by an electromagnetic injector 210.
Injector 210 is provided through cylinder head 110, and injects fuel from a nozzle
portion at a tip end into combustion chamber 1000 (cylinder). In place of, or in
addition to injectér 210, an injector injecting fuel in an intake port or in intake manifold
1010 may be provided.

As for the fuel supply to injector 210, the fuel suctioned from a fuel tank 250 is
pressurized in two stages by a low-pressure pump 240 and a high-pressure pump 230,
and then supplied to the injector. High~pressure pump 230 is driven by a force
transmitted from crank shaft 130 of engine body 10 through a belt or the like. Low-
pressure pump 240 is electrically powered, and at the start of operation, the fuel is
supplied from low-pressure pump 240 to injector 210.

Further, an engine control computer (hereinafter referred to as an engine ECU
(Electronic Control Unit) 60 is provided for controlling various portions of the engine,
including spark plug 150, throttle valve 190 and injector 210. Engine ECU 60 has a
general structure including a CPU (Central Processing Unit), an RAM (Random Access
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Memory), an SRAM (Static Random Access Memory), an ROM (Read Only Memory)
and the like, and based on detection signals and the like from various sensors, causes an
operation of spark plug 150, adjusts open position (throttle open position) of throttle
valve 190 by outputting a control signal to throttle valve 190, and opens the nozzle of
injector 210 at a prescribed timing for a prescribed time period, by applying power to
injector 210 in accordance with a control signal. ,

Engine ECU 60 receives inputs from sensors including an air flow metér 510, a
crank angle sensor 520, an A/F sensor 530, a throttle opening position sensor 540, an
accelerator position sensor 550, a vehicle speed sensor 560, and a cooling water
temperature sensor.

Air flow meter 510 measures flow rate of air flowing through intake manifold
1010. Crank angle sensor 520 outputs a pulse signal for detecting engine speed NE.
AJ/F sensor 530 measures air-fuel ratio in exhaust manifold 1020. Throttle open
position sensor 540 detects open position of throttle valve 190.  Accelerator position
sensor 550 detects open position (degree of pressing) of accelerator pedal 420.

Vehicle speed sensor 560 outputs pulse signals for detecting vehicle speed (wheel
rotation). Cooliﬁg water temperature sensor detects the temperature of engine cooling
water, representing the engine temperature.

Further, when the driver operates a key at the start of operation, an ignition (IG)
ON signal and a starter ON signal are input to engine ECU 60. When clutch pedal
stroke attains to the maximum, a neutral start switch 570 is turned on, and an ON signal’
is input to engine ECU 60.

Engine ECU 60 controls the amount of fuel injection based on the amount of
intake air detected by air flow meter 510 and the like. AT this time, engine ECU 60
adjusts the amount and timing of injection in accordance with the engine speed and the
engine load, to attain the optimal state of combustion, based on the signals from various
sensors. In engine body 10, the fuel is directly injected to the cylinder, and therefore,

the injection timing and injection amount are controlled simultaneously. Further, in
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engine ECU 60, ignition timing is controlled so that ignition is done at an optimal timing,
based on signals detected by crank angle sensor 520, a cam position sensor or the like
(including a knock sensor).  Such control realizes higher output and lower emission of
engine body 10.

Referring to Fig. 2, a control structure of a program executed by engine ECU 60
as a controller in accordance with the present embodiment will be described. The
program described in the following is executed repeatedly in a predetermined period.

| At step (hereinafter simply denoted by S) 100, engine ECU 60 determines
whether the conditions that accelerator position PA is not higher than a threshold value
and the rate of increase DNE of engine speed NE is not lower than the determination
value DNE(0) are satisfied or not. Here, the threshold value of accelerator position PA
is, for example, "0°". Determination value DNE(0) is calculated in a determination
value calculating routine, which will be described later. At S100, whether the engine
speed NE should be reduced or not (torque down should be done or not) is determined.

When the conditions that accelerator position PA is not higher than the threshold
value and the rate of increase DNE of engine speed NE is not lower than the
determination value DNE(0) are satisfied (YES at S100), it is determined that the engine
speed NE should be reduced (there is a torque down request), and the process proceeds
to SZOO. Otherwise (NO at S100), this process ends.

At 8200, engine ECU 60 outputs a fuel-cut (suspending fuel injection) -
instruction. At S300, engine ECU 60 sets the throttle to a fully closed position.

At 8400, engine ECU 60 determines whether fuel-cut started or not. Whether
fuel-cut has started or not may be determined based on the air-fuel ratio detected, for
example, by A/F sensor 530. 'When fuel-cut has started (YES at S400), the process
proceeds to S600. Otherwise (NO at S400), the process proceeds to S500.

At 8500, engine ECU 60 suspends ignition of air-fuel mixture by spark plug 150.
At S600, engine ECU 60 terminates suspension of ignition of the air-fuel mixture by
spark plug 150. When ignition of air-fuel mixture by spark plug 150 has not been
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suspended, ignition is continued.

Referring to Fig. 3, a control structure of a program for the determination value
calculating routine executed for calculating the determination value DNE(0) will be
described. The program described in the following is executed repeatedly in a
predetermined period.

At S1100, engine ECU 60 calculates a reference value DNE(1), based on an NV
ratio (engine speed/vehicle speed) and on the engine speed. The reference value
DNE(1) is calculated by using a map formed in advance based on experimental results.
The NV ratio is used, in order to calculate the reference value DNE(1) based on the
gear ratio, that is, the gear stage.

At S1200, engine ECU 60 calculates a correction value DNE(2), based on the
NV ratio and the degree of change (rate of change) of engine load factor DKL. The
correction value DNE(2) is calculated by using a map formed in advance based on
experimental results. By way of example, when the degree of change of the engine
load factor is larger, a larger correction value DNE(2) is provided.

At S1300, engine ECU 60 calculates a lower limit guard value DNE(3) of
determination value DNE(0). The lower limit guard value DNE(3) is calculated as a
sum of reference value DNE(1) and correction value DNE(2).

At 1400, engine ECU 60 calculates an attenuation value DNE(4) of
determination value DNE(0) based on the NV ratio. Attenuation value DNE(4) is
calculated by using a map formed in advance based on experimental results.

At S1500, engine ECU 60 provides as the present determination value DNE(0),
the larger one of the presently calculated lower limit guard value DNE(3) and a value
obtained by subtracting the presently calculated attenuation value DNE(4) from the last
calculated determination value DNE(0).

An operation of engine ECU 60 as the controller in accordance with the present
embodiment, based on the structure and flowcharts above, will be described in the

following.

-16 -



10

15

20

25

WO 2007/010957 PCT/JP2006/314337

When accelerator position is not higher than the threshold value and it can be
regarded as fully closed, it follows that the driver intends to lower the engine speed NE
by easing up the accelerator pedal 420, for a gear shifting (particularly, up-shifting).

In an engine having large inertia mass of a flywheel 140 or large intake volume,
even when the accelerator pedal is released, sometimes the engine speed NE still
continues to increase for a while. Engine speed NE increases after accelerator position
fully closed. When up-shifting is done in this state, even if the difference between the
eﬁgine speed NE and the number of rotations NIN of input shaft of transmission 300 is
small at the start of gear shifting, the difference in the number of rotations would be
large at the time of re-engagement of clutch 310 after gear shifting, possibly causing a
shift shock.

Therefore, in order to reduce engine speed NE quickly, when the conditions that
accelerator position PA is not higher than a threshold value and the rate of increase
DNE of engine speed NE is not lower than the determination value DNE(0) are satisfied
(YES at S100), a fuel-cut instruction is output (S200).

When a fuel-cut is executed, combustion of air-fuel mixture in the cylinder is
stopped, and therefore, the engine speed NE can quickly be reduced. Further, the
throttle open position is set to full close position (S300) and pumping loss is increased,
whereby the engine speed NE can be reduced even more quickly.

In a direct injection engine including an injector that directly injects fuel to the
cylinder, the fuel is injected in the intake stroke or compression stroke. Therefore, the
amount and timing of injection must be determined, at least 360° BTDC (Before Top
Dead Center).

Therefore, for the cylinder of which amount and timing of fuel injection have
already been determined at the time when the fuel-cut instruction is output, the fuel-cut
cannot be executed in that cycle even if the fuel-cut instruction is output.

On the contrary, ignition of the air-fuel mixture is performed after fuel injection.

Specifically, the fuel injection timing is earlier than the ignition timing.  Therefore, the
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ignition timing is determined in a later stage than the determination of fuel amount and
fuel injection timing, as shown in Fig. 5. If fuel-cut instruction is given in the period
between time point of determining amount and timing of fuel injection and time point of
determining ignition timing, fuel-cut is impossible while ignition can be suspended.
Therefore, even if the mount and timing of fuel injection have already been determined
when the fuel-cut instruction is output, it is often the case that the ignition timing is not
yet determined and hence it is possible to suspend ignition. |

Therefore, when the air-fuel ratio does not become leaner than the theoretical
air-fuel ratio and the fuel-cut does not seem to be effected (NO at S400) even after the
output of fuel-cut instruction (S200), ignition of air-fuel mixture by spark plug 150 is
suspended (S500). Consequently, combustion in the cylinder is stopped, and the
engine speed NE can quickly be reduced.

Thereafter, when fuel-cut starts (YES at S400) in the cylinder in which the
amount and timing of fuel injection had not been determined at the time the fuel-cut
instruction was output (S200), suspension of ignition to the air-fuel mixture by spark
plug 150 is terminated (S600).

In this manner, the engine speed NE is quickly reduced at the time of gear
shifting, and the difference between the engine speed NE and the number of rotations
NIN of the input shaft of transmission 300 is made smaller, Whereby a shift shock can be
suppressed. A

In the present embodiment, dependent on the accelerator position PA and the
rate of increase DNE in engine speed NE, whether the fuel-cut is to be executed or not
is determined. Therefore, the fuel-cut, suspension of ignition and full-closure of
throttle open position to reduce the engine speed NE are all possible also in the state
where clutch 310 is engaged and driving force is being transmitteéd from the engine to
transmission 300. Therefore, the engine speed NE can quickly be reduced before the
clutch 310 is actually released and gear shifting starts.

It is noted that the reaction force on the engine differs dependent on the gear
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ratio. Therefore, it follows that the rate of increase DNE of engine speed NE depends
on the gear ratio.  Further, because of engine characteristics, the engine output varies
as the engine speed NE varies. Accordingly, the rate of increase DNE of engine speed
NE also depends on the engine speed NE.

Therefore, when the determination value DNE(0) is calculated, the reference
value DNE(1) for the determination value DNE(0) is calculated based on the engine
speed NE and the NV ratio for obtaining the gear ratio (§1100). Thus, an appropriate
determination value in accordance with the state of running of the vehicle can be
obtained.

If the speed is rapidly increased during running particularly with low gear (for
example, first gear), acceleration is readily attained as the gear ratio is high, and as a
result, the engine speed NE readily increases, as shown in Fig. 6. Therefore, the rate of
increase in éngine speed NE tends to be high.

Further, if the speed is rapidly reduced during running barticularly with low gear,
engine speed NE readily reduces as the gear ratio is high, and the control tends to enter
ISC. Entering the ISC control, the engine output may be temporarily increased, and
hence, the engine Speed NE, which has been lowered, comes to increase. At this time,
the rate of increase in engine speed NE tends to be high, as the gear ratio is high.

In such situations, if the engine speed NE is made lower while the driver does
not have any intention of gear shifting, the behavior of the engine would be different
from what the driver expects. |

In view of the foregoing, when rapid acceleration or rapid deceleration seems to
have taken place with low gear, a larger determination value DNE(0) is calculated and,
in order to avoid an erroneous determination, a correction value DNE(2) is calculated
based on the NV ratio and the degree of change DKL in engine load factor (S1200).
The value obtained by adding the correction value DNE(2) to the reference value
DNE(1) is calculated as.the lower limit guard value DNE(3) of the determination value
DNE(0) (S1300).
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Specifically, the determination value DNE(0) is calculated to be not lower than
the lower limit guard value DNE(3), which is higher by the correction value DNE(2)
than the reference value DNE(1). Consequently, in accordance with the state of
running of the vehicle, the determination value DNE(0) may be increased to an
appropriate value. Thus, erroneous determination as to whether control should be
done to reduce engine speed NE or not can be suppressed.

Here, the increase in engine speed NE derived from rapid acceleration 4or rapid
deceleration with low gear does not quickly converge, and may occur intermittently as
shown in Fig. 6. Specifically, the engine speed NE repeatedly increases and decreases.

At this time, the lower limit guard value DNE(3) is calculated repeatedly in a
predetermined period. Therefore, even when the lower limit guard value DNE(3) is
calculated while the engine speed NE is high resulting in a large determination value
DNE(0), the lower limit guard value DNE(3) may be calculated again with the engine
speed NE changed. Here, it is possible that re-calculation provides a small lower limit
guard value DNE(3). When the determination value DNE(0) is calculated using the
small Jower limit guard value DNE(3), the resulting determination value DNE(0) may
not be appropriaté.

On the other hand, as shown in Fig. 6, the rate of increase DNE of engine speed
NE tends to attenuate with time. Therefore, continuous use of lower limit guard value
DNE(3) calculated at the start is pointless.

Therefore, in order to moderately attenuate (to gradually reduce) the obtained
determination value DNE(0), an attenuation value DNE(4)A of determination value
DNE(0) is calculated based on the NV ratio (S1400). Of the value obtained by
subtracting the attenuation value DNE(4) from the last calculated determination value
DNE(0) and the lower limit guard value DNE(3) calculated this time, the larger one is
given as the determination value DNE(0) of this time (S1500).

Specifically, as a large lower limit guard value DNE(3) is once calculated, even

when a large determination value DNE(0) is calculated and then a small lower limit
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guard value DNE(3) is calculated, as long as the value obtained by subtracting the
attenuation value DNE(4) from the determination value DNE(0) is not smaller than the
newly calculated lower limit guard value DNE(3), the calculated determination value
DNE(0) attenuates moderately (decreases gradually), as the attenuation value DNE(4) is
subtracted periodically. Therefore, an appropriate determination value DNE(0) in
accordance with the behavior of the vehicle can be obtained. Thus, erroneous
determination as to whether control should be done to reduce engine speed NE or not
can be suppressed.

On the contrary, when the newly calculated lower limit guard value DNE(3)
becomes larger than the value obtained by subtracting the attenuation value DNE(4)
from the determination value DNE(0), the lower limit guard value DNE(3) is provided
as the determination value DNE(0), so that a large determination value DNE(O) is
obtained. As a result, it becomes possible to increase the determination value DNE(0)
to an appropriate value, in accordance with the state of running of the vehicle. Thus,
erroneous determination as to whether control should be done to reduce engine speed
NE or not can be suppressed.

As described above, by the engine ECU in accordance with the present
embodiment, when the accelerator position PA is not higher than the threshold value and
the rate of increase DNE of engine speed NE is lager than the determination value
DNE(0), a fuel-cut is executed, ignition of air-fuel mixture is suspended, or the throttle
open position is set to the full close position. By the fuel-cut or ignition suspension,
combustion of air-fuel mixture is stopped. When the throttle opening is fully closed,
pumping loss increases. Thus, engine speed NE decreases. Therefore, when the
clutch, which has been disengaged at the time of gear shifting, is re-engaged, difference
between the engine speed NE and the number of rotations NIN of input shaft of
transmission 300 can be made small, and a shift shock can be suppressed.

When a neutral start switch 570 is on, it means that the clutch 310 is disengaged

and clutch 310 must be re-engaged later. Therefore, the engine may be controlled such
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that the engine speed NE decreases regardless of the accelerator position PA or the rate
of increase DNE of engine speed NE.

Further, when the vehicle is controlled such that throttle valve 190 is opened in a
state of running in which the accelerator is at the full close position, in response to an
open request of throttle valve by VSC control, or cruise control for steadily running the
vehicle at a set speed, the driving force from the engine is required to attain the desired
running state of the vehicle. In such a case, the control for decreasing engine speed NE
(fuel-cut, ignition suspension, full closure of throttle) may be inhibited.

Further, for a cylinder of which amount and timing of fuel injection have already
been determined at the time a fuel-cut instruction is output, the ignition timing may be
retarded, in place of suspending ignition of air-fuel mixture by spark plug 150. When
the ignition timing is retarded, the engine output decreases, and the engine speed NE can
quickly be reduced. Here, the air-fuel mixture burns, and therefore, insufficient
combustion of fuel can be suppressed. Therefore, by retarding the ignition timing, the
engine speed can quickly be reduced while satisfactory exhaust emission performance is
maintained.

It should Be understood that the embodiments disclosed herein are illustrative
and non-restrictive in every respect. The scope of the present invention is defined by
the terms of the claims, rather than the description above, and is intended to include any

modifications within the scope and meaning equivalent to the terms of the claims.
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CLAIMS

1. A controller for an internal combustion engine coupled to a transmission
(300) through a friction engagement element (310) transmitting a driving force,
comprising

a control unit (60) controlling said internal combustion engine (10) such that
number of rotations of an output shaft of said internal combustion engine (10) is reduced
when an accelerator position is smaller than a predetermined open position and rate of
increase in the number of rotations of the output shaft of said internal combustion engine

(10) is larger than a predetermined determination value.

2. The internal combustion engine controller according to claim 1, wherein

said control unit (60) controls said internal combustion engine (10) such that the
number of rotations of the output shaft of said internal combustion engine (10) is
reduced while said friction engagement element (310) is engaged and the driving force is

being transmitted from said internal combustion engine (10) to said transmission (300).

3. The internal combustion engine controller according to claim 1, wherein
said determination value is determined based on a gear ratio of said transmission

(300) and the number of rotations of the output shaft of said internal combustion engine

(10).
4. The internal combustion engine controller according to claim 1, further
comprising

a correcting unit (60) correcting said determination value based on a degree of

change of load factor of said internal combustion engine (10).

5. The internal combustion engine controller according to claim 4, wherein
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said correcting unit (60) corrects said determination value to a larger value.

6. The internal combustion engine controller according to claim 4, wherein
said correcting unit (60) corrects said determination value such that amount of

correction of said determination value decreases gradually.

7. The internal combustion engine controller according to claim 1, wherein

said control unit (60) controls said internal combustion engine (10) such that the
number of rotations of the output shaft of said internal combustion engine (10) is
reduced, by performing at least one of suspension of ignition in said internal combustion
engine (10), suspension of fuel injection in said internal combustion engine (10) and

reduction of throttle opening in said internal combustion engine (10).

8. The internal combustion engine controller according to claim 1, wherein

said control unit (60) controls said internal combustion engine (10) such that the
number of rotations of the output shaft of said internal combustion engine (10) is
reduced, by suspénding ignition in said internal combustion engine (10) and thereafter

suspending fuel injection in said internal combustion engine (10).

9. The internal combustion engine controller according to claim 1, wherein

said control unit (60) controls said internal combustion engine (10) such that the
number of rotations of the output shaft of said internal combustion engine (10) is
reduced, by retarding ignition timing in said internal combustion éngine (10) and

thereafter suspending fuel injection in said internal combustion engine (10).

10. The internal combustion engine controller according to claim 1, wherein
said control unit.(60) controls said internal combustion engine (10) such that the

number of rotations of the output shaft of said internal combustion engine (10) is
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reduced, by reducing opening of said throttle in said internal combustion engine (10) and
thereafter suspending at least one of ignition and fuel injection in said internal

combustion engine (10).

11. The internal combustion engine controller according to claim 1, further
comprising:

a throttle valve control unit (60) controlling a throttle valve such that the throttle
valve is opened in a state of operation, in which the accelerator position is smaller than
said predetermined open position, different from an idle state of said internal combustion
engine; and

an inhibiting unit (60) inhibiting reduction of the number of rotations of the
output shaft of said internal combustion engine (10) by said control unit (60) when said

throttle valve is opened under the control of said throttle valve control unit (60). .

12. A controller for an internal combustion engine, comprising:

a determining unit (60) determining whether number of rotations of an output
shaft of the internél combustion engine (10) is to be reduced or not; and

a control unit (60) controlling said internal combustion engine (10) such that,
when it is determined that the number of rotations of the output shaft of said internal
combustion engine (10) is to be reduced, the number of rotations of an output shaft of
said internal combustion engine (1'0) is reduced by retarding ignition timing in said
internal combustion engine (10) and thereafter suspending fuel injection in said internal

combustion engine (10).

13. The internal combustion engine controller according to claim 12, wherein
said internal combustion engine (10) is coupled to a transmission (300); and
said control unit.(60) controls said internal combustion engine (10) such that the

number of rotations of the output shaft of said internal combustion engine (10) is
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reduced, by retarding ignition timing in said internal combustion engine (10) and

thereafter suspending fuel injection in said internal combustion engine (10).

14. A controller for an internal combustion engine coupled to a transmission
(300) through a friction engagement element (310) transmitting a driving force,
comprising ,

control means (60) for controlling said internal combustion engine (10) such that
number of rotations of an output shaft of said internal combustion engine (10) is reduced
when an accelerator position is smaller than a predetermined open position and rate of
increase in the number of rotations of the output shaft of said internal combustion engine

(10) is larger than a predetermined determination value.

15. The internal combustion engine controller according to claim 14, wherein

said control means (60) includes means for controlling said internal combustion
engine (10) such that the number of rotations of the output shaft of said internal
combustion engine (10) is reduced while said friction engagement element (310) is
engaged and the driving force is being transmitted from said internal combustion engine

(10) to said transmission (300).

16. The internal combustion engine controller according to claim 14, wherein
said determination value is determined based on a gear ratio of said transmission
(300) and the number of rotations of the output shaft of said internal combustion engine

(10).

17. The internal combustion engine controller according to claim 14, further
comprising
correcting means (60) for correcting said determination value based on a degree

of change of load factor of said internal combustion engine (10).
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18. The internal combustion engine controller according to claim 17, wherein
said correcting means (60) includes means for correcting said determination

value to a larger value.

19. The internal combustion engine controller according to claim 17, wherein
said correcting means (60) includes means for correcting said determination

value such that amount of correction of said determination value decreases gradually.

20. The internal combustion engine controller according to claim 14, wherein

said control means (60) includes means for controlling said internal combustion
engine (10) such that the number of rotations of the output shaft of said internal
combustion engine (10) is reduced, by performing at least one of suspension of ignition
in said internal combustion engine (10), suspension of fuel injection in said internal
combustion engine (10) and reduction of throttle opening in said internal combustion

engine (10).

21. The internal combustion engine controller according to claim 14, wherein

said control means (60) includes means for controlling said internal combustion
engine (10) such that the number of rotations of the output shaft of said internal.
combustion engine (10) is reduced, by suspending ignition in said internal combustion

engine (10) and thereafter suspending fuel injection in said internal combustion engine

(10).

22. The internal combustion engine controller according to claim 14, wherein
said control means (60) includes means for controlling said internal combustion
engine (10) such that the number of rotations of the output shaft of said internal

combustion engine (10) is reduced, by retarding ignition timing in said internal
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combustion engine (10) and thereafter suspending fuel injection in said internal

combustion engine (10).

23. The internal combustion engine controller according to claim 14, wherein

said control means (60) includes means for controlling said internal combustion
engine (10) such that the number of rotations of an output shaft of said internal
combustion engine (10) is reduced, by reducing opening of said throttle in said internal
combustion engine (10) and thereafter suspeﬂding at least one of ignition and fuel

injection in said internal combustion engine (10).

24. The internal combustion engine controller according to claim 14, further
comprising:

throttle valve control means (60) for controlling a throttle valve such that the
throttle valve is opened in a state of operation, in which the accelerator position is
smaller than said predetermined open position, different from an idle state of said
internal combustion engine; and

inhibiting fneans (60) for inhibiting reduction of the number of rotations of the
output shaft of said internal combustion engine (10) by said control means (60) when

said throttle valve is opened under the control of said throttle valve control means (60).

25. A controller for an internal combustion engine, comprising:

determining means (60) for determining whether number of rotations of an
output shaft of the internal combustion engine (10) is to be reduced or not; and

control means (60) for controlling said internal combustion engine (10) such that,
when it is determined that the number of rotations of the output shaft of said internal
combustion engine (10) is to be reduced, the number of rotations of an output shaft of
said internal combustion engine (10) is reduced by retarding ignition timing in said

internal combustion engine (10) and thereafter suspending fuel injection in said internal
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combustion engine (10).

26. The internal combustion engine controller according to claim 25, wherein

said internal combustion engine (10) is coupled to a transmission (300); and

said control means (60) includes means for controlling said internal combustion
engine (10) such that the number of rotations of an output shaft of said internal
combustion engine (10) is reduced, by retarding ignition timing in said internal
combustion engine (10) and thereafter suspending fuel injection in said internal

combustion engine (10).

27. A controller for an internal combustion engine coupled to a transmission
(300) through a friction engagement element (310) transmitting a driving force,
comprising

an ECU (60), wherein

said ECU (60) controls said internal combustion engine (10) such that number of
rotations of an output shaft of said internal combustion engine (10) is reduced when an
accelerator position is smaller than a predetermined open position and rate of increase in
the number of rotations of the output shaft of said internal combustion engine (10) is

larger than a predetermined determination value.

28. A controller for an internal combustion engine, comprising

an ECU (60), wherein

said ECU (60) determines whether number of rotations of an output shaft of the
internal combustion engine (10) is to be reduced or not, and

controls said internal combustion engine (10) such that, when it is determined
that the number of rotations of the output shaft of said internal combustion engine (10)
is to be reduced, the number of rotations of an output shaft of said internal combustion
engine (10) is reduced by retarding ignition timing in said internal combustion engine

(10) and thereafter suspénding fuel injection in said internal combustion engine (10).
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