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CONTROL DEVICE AND CONTROL METHOD FOR INTERNAL

COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a control device and control method for an

internal combustion engine.

2. Description of Related Art

[0002] In an existing art, a vehicle that is driven by an intemal combustion

engine includes an exhaust gas purification catalyst and an air-fuel ratio sensor in an

~ exhaust passage of the internal combustion engine, and includes a control device that -

brings an air-fuel ratio of the internal combustion éngine close fo a stoichiometric air-fuel
ratio on the basis of a detected result detected by the air-fuel ratio sensor such that
exhaust gas puriﬁcatiqn performance in the exhaust gas purification catalyst improves.
(0003] Generally, a fuel supply device that supplies fuel into a combustion
chamber of an internal combustion engine is installed in 'a vehicle. The pressuré of fuél
in a fuel tank is increased to a predetermined fuel pressure by the fuel sppply device, and
the fuel is supplied into the combustion chamber of the internal combustion engine. In
the fuel supply device, as the internal combustion engine stbps, fuel that is accumulating .
in the fuel supply device near the combusfion chamber becomes a high temperature, so
vapors may be produced in the fuel. Therefore, iﬁ the case where the internal
combustion engine restarts whﬂe vapors have been produced in the fuel in the fuel supply
device, when the control device éxecutes air-fuel ratio feedback control, the amount of
fuel that is supplied into the combustion chamber deviates from a target amoﬁnt of fuel,
so feedback becomes instable, which may influence fuel economy and exhaust gas

characteristic. Then, there is known a control device for an internal combustion engine,
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which, when vapors have been produced in fuel in a fuel supply device during a stop of
the internal combustion engine, stops air-fuel ratio feedback control at the tiine of a

restart of the internal combustion engine (for exarnpie, see Japanese Patent Application

Publication No. 63-170533 (JP 63-170533 A)).

[0004]  The existing control device for an internal combustjon engine, which is
described in JP 63-170533 A, increases a fuel iﬁjegtion amount with respect to a usual
fuel injection amount after a start of the internal combustion engine, and stops air-fuel’
ratio feedback control for a predetermined peridd of time from the beginning of the start
of the internal combustion engine.

[0005]  With this configuration, the control device for an internal combustion
engine, described in JP 63-170533 A, increases the fuel injection amount with respect to
the usual fuel injection amoﬁnt immediately after a start of the iritérnal combustion
engine, so vapors are promptly removed from the fuel supply device, and, in a situation
that a variation in air-fuel ratio may occur due to supply of fuel containing vapors to the
internal combustion engine, fhe control device delays a start of air-fuel ratio feedback
control and, after vapors are sufficiently removed from the fuel supply .device, executes
air-fuel ratio feedback control. By so doing, it is possible to stably restart the internal
combﬁstién'engine. |

[0006] However, in the above-described existing control device for an internal

combustion engine, described in JP 63-170533 A, at the stage of a restart of the intemal‘

combustion engine, execution of air-fuel ratio feedback control is stopped, and an

" increase in the amount of fuel is continued. ~ After that, fuel may be excessively supplied

1o the internal combustion engine, and there is a case where the air-fuel ratio signiﬁcantly
deviates toward a rich side at the time of a restart of the internal combustion engine.‘
Therefore, in the control device for an internal combustion engine, descﬁbed in JP
63-170533 A, there is a problém that fuel economy deteriorates or exhaust gas
characteristic deteriorates.

[0007] In addition, in the above-described existing control device for an internal

combustion engine, described in JP 63-170533 A, if an increase in the amount of fuel at
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the time of a restart of the internal com‘bustion engine is performed without stopping
executing air-fuel ratio feedback control at the time of a restart of the internal combustion
engine, the air-fuel ratio deviates toward a rich> side, so the fuel injection amount reduces
such that thé air-fuel ratio is corrected toward a lean side through air-fuel ratio feedback
control.' When fuel injected into the combustion chamber contains large amounts of
vapors in this state, the amount of fuel that is supplied to the internal combustion engine
may become smaller than a minimurﬁ amount that is required to maintain the rotation of

the internal combustion engine and, as a result, engine stalling may occur.

SUMMARY OF THE INVENTION

{0008]  The invention provides a control device and control method for an
internal combustion engine, which are able to suppress deterioration of exhaust gas
characteristic and occurrence of engine stalling by optimizing air-fuel ratio control at the
time of a start of the internal combustion engine.

[0009]  An aspect of the invention provides a control device for an internal
combustion engine. The control device includes: an air-fuel ratio detecting unit
provided in an exhaust passage of the internal combustion engine and configured to
detect an air-fuel ratio of exhaust gas of the internal combustion engine; a vapor
prediction unit conﬁgured to predict whether vapors have been produced in fuel in a fuel
supply device at the time of a start of the internal combustion engine; and a feedback
control unit configured to execute air-fuel ratio feedback contro} for bringing the air-fuel

ratio in the internal combustion engine close to a target air-fuel ratio by controlling a fuel

‘injection amount of the fuel supply device, the fuel supply device injecting fuel into a

combustion chamber of the internal combustion engine, on the basis of the air-fuel ratio
detected by the air-fuel ratio detecting unit, and the feedback control unit being
configured to decrease a feedback gain in the air-fucl ratio feedback control when the
vapor prediction unit predicts that vapors have been produced as compared with wheﬁ the
vapor prediction unit predicts that vapors have not been produced.

[0010]  Another aspect of the invention provides a control method for an internal
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combustion engine. The control method includes: detecting an air-fuel ratio of exhaust
gas in an exhaust passage of the internal combustion engine; predicting whether vapors
have been produced in fuel in a fuel supply device at the time of a start of the internal
cbmbustion engine; and exe'cuting air-fuel ratio feedback control for bringing the air-fuel
ratio in the internal combustion engine close to a target air-fuel ratio by controlling a fuel
injection amount of the fuel supply device, the fuel‘ supply dévice injecting fuel into a

combustion chamber of the internal combustion engine, on the basis of the detected

air-fuel ratio, and decreasing a feedback gain in the air-fuel ratio feedback control when it

is predicted that vapors have been produced as compared with when it is predicted that
vaporsAhave not been produced.

[0011] With the above control device and control method for an internal
combustion engine, when vapors have been produced in the fuel supply device, it is
possible to decrease the feedback gain in the air-fuel ratio feedback control. By so
doing, even when the fuel injection amount is increased in order to promptly remove
vapors from the fuel supply device, it is possible to suppress occurrence of engine stalling
due to a decrease in the fuel injection amount such that the air-fuel ratio is corrected
toward a lean side through air-fuel _ratio feedback control. In addition, it is possible to
execute air-fuel ratio feedback control from a start of the internal combustion engine, so it
is possible to suppress an excessive increase in thé fuel injection amount when vapors in

the fuel supply device are removed in the case where air-fuel ratio feedback control is not

executed at the time of a start of the internal combustion engine. Thus, it is possible to

suppress deterioration of exhaust gas characteristic and occurrence of engine stal]ing by
optimizing air-fuel ratio feedback control at the time of a start of the internal combustion
engine, \

{0012]  In the control device, the vapor prediction unit may predict whether
vapors have been produced in the fuel supply device on the basis of a lubricant
temperature and coolant temperature of the internal combustion engine and a stop time of
the internal combustion engine.

{0013]  With the above control device, it is possible to accurately predict whether
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v‘apors have been produced, and execute air-fuel ratio feedback control in response to a

situation of production of vapors. |

{0014]  In the control device, the feedback control unit may end a decrease in the
feedback gain after a lapse df a predetermined period of time from a start of the internal
combustion engine. |

{0015}  With the above control device, when vapors contained in fuel in the fuel
supply device are removed, it is possible to further promptly bring an actual air-fuel ratio
into coincidence with a target air-fuel ratio by returning the feedback gain to a normal
value.

[0016]  The control device may further include an intake air amount detecting
unit configured to detect an amount of air that is taken into the internal combustion
engine, wherein the féedback control unit may set the predetermined period of time on
the basis of the ambunf of air, the amount of air being detected by the intake air amount
detecting unit.

[0017)  With the above control device, it is possible to accurately estimate a
period of time during which vapors contained in fuel in the fuel supply device are
removed, so, when vapors have been removed, it is possible to promptly return the
feedback gain to a normal value.

{0018]  With the above-described control device and control method for an
internal combustion engine, it is possible to provide a control device and‘control method
for an internal combustion engine, which are able to suppress deterioration of exhaust gas
characteristic and occurrence of engine stalling by optimizing air-fuel ratio control at the

time of a start of the internal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein: |

FIG. 1 is a schematic configuration view that shows an internal combustion engine
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- according to an embodiment of the invention;

FIG. 2 is a graph for illustrating the characteristic of an air-fuel ratio sensor and the
characteristic of an O, sensor according to the embodiment of the invention;

FIG 3 is a schematic configuration view that shows a fuel supply mechanism

_according to the embodiment of the invention;

FIG. 4 is a graph that shows a‘ Vapor production prediction map according to the
embodiment of the invention;

FIG. § is a graph that shows the staté of the internal combustion engine according to
the embodiment of the invention; and |

FIG. 6 is a flowchart for illustrating air-fuel ratio feedback control process

accord'mg to the embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] Hereinafter, an embodiment of the invention will be described with
reference to the accompanying drawings. ~First, a configuration will be described. As
shown in FIG. 1, a control device for an internal combustlion engine acgording to the
present embodiment is equipped for an engine 1 that has a plurality of cylinders 2, and is
configured to inject fuel iﬁto each cyiinder 2 independently of each other. In the
following description, description will be made on ‘an example in which the internal
combustion engine éccofding to the invention is formed of an in-line four-cylinder
gasoline engine. However, the internal combustion engine accbrding to the invention
just needs to be formed of an engine having two or more cylinders, and the number of
cylinders and the engine type are not limited.

[0021]  The engine 1 includes a cylinder block 12, a cylinder head (not shown),
an intake system unit 4 and an exhaust system unit 5. Four cylinders, that is, a #1
cylinder 2a, a #2 cylinder 2b, a #3 éylindér 2c¢ and a.#4 cylinder 2d, are formed in the
cylinder block {2 and the cylinder head. The intake system unit 4 is used to supply air
from the outside of a vehicle to the #1 cylinder 2a to the #4 cylinder 2d. The exhaust

system unit 5 is used to emit exhaust gas from the #1 cylinder 2a to the #4 cylinder 2d to
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the outside of the vehicle. In the following description, when it is not necessary to

- distinguish the cylinders 2 from one another, they are described as the cylinders 2.

[0022] Each cylinder 2 forms a combustion chamber 14. By combusting a
mixture of fuel and air in the combustion chamber 14, a corresponding piston that is
reéiprécally movably arranged in the combustion chamber 14 is reciprocally moved.
Thus, power is generated. Each piston is connected to a crankshaft via a corresponding
connecting rod. Power generated in each cylinder 2 is transmitted to a drive wheel via
the crankshaft, a transmission, and the like.

[0023]  Intake valves and exhaust valves are arranged on the cylinder head.
The intake valves open or close corresponding intake ports 1a. The exhaust valves open
or close corresponding exhaust ports. Ignition plugs 16 are arranged at the top of the
cylinder head. Each ignition plug 16 is used to ignite air-fuel mixture introduced into
the corresponding combustion chamber 14, _

| [0024] An injector 32 is arranged in the intake port 1a of each cylinder 2. Each
injector 32 injects fuel. Air-fuel mixture is produced by mixing tuel injected from the
injector 32 with air introduced by the intake system unit 4. |

[0025]  The intake system unit 4 includes branch pipes 18, a surge tank 20, an
intake pipe 30 and an air cleaner 24. The intake upstream side of the surge tank 20 is

connected to the intake pipe 30. The intake upstream side of the intake pipe 30 is

connected to the air cleaner 24. An air flow meter 26 and an electronically-controlled

throttle valve 28 are arranged in the intake pipe 30 sequentially from the intake upstream
side. : The air flow meter 26 is used to detect an intake air amount.

[0026]  The exhaust system unit 5 includes an exhaust manifold 34, an exhaust
pipe 36 and a catalytic converter 40, and forms an exhaust passage 38.

[0027]  The exhaust manifold 34 is connected to exhaust ports that are formed in
the cylinder head, and the exhaust maﬁifold 34 and the exhaust pipe 36 are connected to
each other via the branch pipes 34a and an exhaust collecting unit ‘34b.

[0028] The catalytic converter 40 includes a three-way catalyst. When exhaust

gas flows into the catalytic converter 40 in the case where the air-fuel ratio in each
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combustion chamber 14 is close to a stoichiometric air-fuel ratio, the catalytic converter
40 purifies NOx, HC and CO, which ére toxic substances in exhaust gas, at tﬁe same
time.

[0029])  Here, the air-fuel ratio indicates a value that is obtained by dividing the
mass of air of air-fuel mixture, which is supplied to the combustion chambers 14, by the
mass of fuel. Instead, it is possible to obtain the air-fuel ratio from components‘ of
exhaust gas, which are detected by an air-fuel ratio sensor 41 and an O, sensor 42
(described later), after the air-fuel mixture is burned in the combustion chambers 14.

[0030]  The air—fuel ratio sensor 41 and the O, sensor 42 are respectively
arranged in the exhaust pipe 36 on the exhaust upstream and downstream sides of the
catalytic converter 40. The air-fuel ratio sensor 41 and the O, sensor 42 constitute an
air-fuel ratio detecting unit according to the invention. Note that a combination of these
sensors is just an example, and these sensors just need to be formed of sensors that are
able to detect the air-fuel ratio from output values. The air-fuel ratio sensor or the O,
sensor may be arranged only on at least one of the exhaust upstream side and exhaust
downstrearﬁ side of the catalytic converter 40.

{0031} As shown in FIG. 2, the air-fuel ratio sensor 41 is configured to
continuously detect an air-fuel ratio in a wide range from exhaust gas, and is configured |
to output a voltage signal, which is directly proportional to the detected air-fuel ratio, to
an ECU 50. For example, the air-fuel ratio sensor 41 is configured to output a voltage
signal of about 3.3 V at the stoichiome‘tric air-fuel ratio. |

[0032] On the other hand, the O, sensor 42 has a characteristic such that an
output value steeply varies when the air-fuel ratio of air-fuel mixture is the stoichiometric
air-fuel ratio.' When the air-fuel mixture has the stoichiometric air-fuel ratio, the O,
sensor 42 is configured to output a voltage signal of about 0.45 V to the ECU 50. The
output value of the voltage signal is lower than 0.45 V whén the air-fuel ratio of the
air-fuel mixture is lean, and the output value of the voltage signal is higher than 0.45 V
when the air-fuel ratio is rich.

[0033]  As shown in FIG. 3, the vehicle according to the present embodiment
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includes a fuel tank 43 and a fuel supply device 44. The fuel tank 43 stores gasoline

that is consumed in the engine 1. The fuel supply device 44 feeds and supplies fuel
stored in a sub-tank 43a of the fuel tank 43 (hereinafter, simply referred to as fuel tank
43) to the plurality of injectors 32 of the engine 1 under pressure, and supplies fuel from
these injectors 32 into the combustion chambers 14. | The fuel supply device 44 includes
a pressure regulator 57 and a set pressure changing operation mechahism 58. The
pressure regulator 57 introduces fuel, which is supplied to the ‘injectors 32, regulateé the
introduced fuel to a preset system pressure P1, and is able to chaﬁge the system pressﬁfe
P1 to any one of a plurality of set pressures, such as a high set pressure and a low set
pressure. The set pressure changing operation mechanism 58 is able to carry out
changing operation of the pressure regulator 57 with the use of a three-way
electromagnetic valve 59 such that a currently set pressure of the pressure regulator 57 is
changed to the other set pressure.

[0034]  The injectors 32 provided in correspondence with the plurality of
cylinders 2 of the engine 1, for example, expose their injection hole-side end portions 32a
into the intake ports la corresponding to the respective cylinders 2. The fuel supply
device 44 distributes fuel among the injectors 32 via a delivery pipe 31.

[0035]  The fuel supply device 44 includes a fuel pump unit 45, a suction filter
46, a fuel filter 47 and a check valve 48. The fuel pump unit 45 draws, pressurizes and
discharges fuel in the ‘fuel tank 43. The suction filter 46 blocks suction of foreign matter
at a suction port side of the fuel pump unit 45. The fuel filter 47 removes foreign matter
in discharged fuel at a discharge port side of the fuel pump unit 45. The check valve 48
is located upstream or downstream of the fuel filter 47. ‘

[0036]  Although not shown in the drawings in detail, the fuel pump unit 45, for

example, includes a fuel pump 45p-and a pump drive motor 45m. The fuel pump 45p

has a pump actuating impeller. The pump drive motor 45m is an internal direct-current
motor that drives the fuel pump 45p for rotation. The fuel pump unit 45 is driven and
stopped through control of fhe ECU 50 (described later) over current that is supplied to

the pump drive motor 45m.
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[0037)  The fuel pump unit 45 is able to draw, pressurize and discharge fuel from

the fuel tank 43. The fuel pump unit 45 is able to change a discharge capacity and
discharge pressure pef unit time by changing the rotation speed [rpm] of the pump drive
motor 45m with respect to the same supply voltage in response to a load térque or
changing the rotation speed of the pump drive rﬁbtor 45m in response to a change in
supply voltage.

[0038) The gheck valve 48 opens in a direction in‘which fuel is supplied from -
the fuel pump unit 45 toward the injectors 32, and closes in a direction in which fuel

flows back from the injectors 32 to the fuel pump unit 45 to block backflow of

‘pressurized supply fuel.

{0039] The ECU 50 has the function of executing feedback control over the
driving voltage of the pump‘drive motor 45m in cooperation with a fuel pump controller
60 by generating a command value fof the driving voltage of the pump drive motor 45m,
corresponding to the discharge capacity of the fuel pump unit 45, such that the discharge
capacity is set to an optimal value in résponse to a fuel injection amount that is required
to operate the engine 1.

[0040]) A fluid introducing port of the pressure regul‘ator 57 is conn‘ected to a

fuel passage 49 via a branch passage 49a. The fuel passage 49 is a circuit portion

 downstream of the check valve 48. An operating pressure introducing hole of the

pressure regulator 57 is connected to a branch passage 56 via the three-way
electromagnetic valve 59. “The branch passage 56 is a circuit portion downstream of the
check valve 48 and upstream of the fuel fiiter 47. |

[0041]  Referring back to FIG. 1, the engine 1 according to the present
embodiment further includes the electronic control unit (ECU) 50 that constitutes the
control device for an internal combustion engine. The ECU 50 includes a central
processing unit (CPU), a random access memory (RAM), a read only memory (ROM), a
backup memory, and the like. The ECU 50 accord‘ing to the present embodiment
constitutes a control device, a feedback control unit, a vapor prediction unit and an intake

air amount detecting unit according to the invention.
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[0042])  The ROM stores various control programs that include control programs
for executing air-fuel ratio feedback control (described later) and fuel injection control in
the cylinders 2, maps that are consulted when these various control programs are
executed, and the like. The CPU is configured to execute various computation
processes on the basis of the various control programs and maps stored in the ROM.
The RAM temporarily stores computation results of the CPU, data input from the

above-described sensors, and the like. The backup memory is formed of a nonvolatile

‘memory, and is, for example, configured to store data, and the like, that should be saved

at the time of a stop of the engine 1.
[0043‘] The CPU, the RAM, the ROM and the backup memory are connected to
one another via a bus, and are connected to an input interface and an output interface.
{0044}  The engine 1 includes a crank angle sensor 51, an accelerator operation
amount sensor 52, a coolant temperature sensor 53 and a fluid temperature sensor 54.
The crank angle sensor 51 is used to detect the rotation speed of the crankshaft, that is, an
engine rotation speed. The accelerator operation amount sensor 52 is used to detect an

accelerator operation amount. The coolant temperature sensor 53 is used to detect the

" coolant temperature of the engine 1. The fluid temperature sensor 54 detects the

lubricant temperature of the engine 1. Signals of these sensors are transmitted to the
ECU 50.

-]0045) A throttle opening degree sensor (not shown) is arranged in the throttle
valve 28, and is configured to transmit a signal, corresponding to a throttle opening
degree, to the ECU 50. The ECU 50 executes feedback control on the basis of a signal
that is inpﬁt from the throttle opening degree sensor such that the openjng-degree of the
throttle valve 28 becomes a throttle opening degree that is determined on the basis of an
accelerator operation amount. ‘

[0046] The ECU 50 calculates an intake air amount per unit time on the basis of
the signal input from the air flow meter 26. The ECU 50 is configured to calculate an
engine load from the detected intake air amount and engine rotation speed.

[0047]  The ECU 50 is configured to execute air-fuel ratio feedback control for
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bringing an actual air-fuel ratio close to a target air-fuel ratio. In the present
embodiment, phe'ECU 50 ad)usts the fuel injection amount in each cylinder 2 on the basis
of a signal input from the air-fuel ratio sensor 41 arranged on the exhaust upstream side
of the catalytic converter 40, and is configured to execute main feedback comrol“ for
bringing an actual air-fuel ratio that is detected by the air-fuel ratio sensor 41 close to a
target air-fuel ratio, such as the stoichiometric air-fuel ratjo. | |
[0048)  The main feedback control is formed of known proportional integral
derivative control (PID control) that calculates a proportional term, an integral term as a
1ea.med vélue, and a derivative term from a difference between an actual air-fuel ratio and
the target air-fuel ratio, and a proportional gain, an integral gain and a derivative gain
empirically obtained in advance, and that calculates a correction amount for a currently
set fuel injection amount from the sum of the proportional term, the integral term and the
derivative term. The main feedback control just needs to be known feedback control, |

such as proportional integral control (P control) that calculates a correction amount on*

the basis of a proportional term and an integral term.

[0049]  Furthermore, the ECU 50 is configured to execute sub-feedback contro}
that further corrects the correction amount, Whjch is calculated through main feedback
control‘, on the basis of a signal input from the O, sensor 42 arranged on the exhaust
downstream side of the catalytic converter 40. In the present embodiment, the ECU 50
is configured to execute known feedback control, such as PID control and PI control, on
the basis of a difference between a target value of an output voltage value of the O,
sensor 42 and an actual output voltage value that is currently output from the O, sensor
42 such that the target value of the output voltage value coincides with the actual output
voltage value. ~ Here, the target value of the output voltage value is usually set to a
voltage value corresponding to the stoichiometric air-fuel ratio, that is, a voltage value
close to 0.45 V; however, the target value is changed due to aged degradation of the O,
sensor 42 or various controls, such as target air-fuel ratio changing control (described
later).

[0050} Hereinafter, the characteristic configuration of the ECU 50 that
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constitutes the control device for an internal combustion engine according to the present
embodiment will be described with reference to F1G. 1 to FIG S.

[0051)  As described above, the ECU 50 adjusts the fuel injection amount in
each cylinder 2 on the basis of the signal input from the air-fuel ratio sensor 41 arranged
on the exhaust upstream side of the catalytic converter 40 during a start of the engine 1,
and is configured to execute main feedﬁack control for bringing an actual air-fuel ratio
that is detected by the air-fuel ratio sensor 41 close to a target air-fuel ratio, such as the
stoichiometric air-fuel ratio.

[0052]  The ECU 50 is configured to determine whether vapors have been
produced in fuel accumulating inside the fuel supply device 44 during a stop of the
engine 1. Specifically, the ECU 50 acquires a signal that indicates the lubricant
tefnperature of the engine 1 from the fluid temperature sensor 54, and acquifes a signal
that indicates the coolant temperature of the engine 1 from the coolanf temperature sensor
53.

[0053]  The ECU 50 acquires a soak time by consulting a timer.  Specifically,
the ECU 50 is configured to start counting with the use of the timer at the time of a stop
of the engine 1, and is configured to acquire a soak time that is an elapsed time from a
previous engine stop by cohsulting the timer at the time of a curent restart of the engine.

[0054] The ECU 50 is configured to determine whether vapors have been
produced in the fuel supply device 44, such as the delivery pipe 31, on the basis ‘of these
fluid temperature, coolant tempefature and soak time. The ECU 50 is configured to
determine whether vapors have been produced by consulting a vapor production
prediction map shown in FIG. 4.

[0055] The vapor ‘production prediction map is expressed by a graph of which
the abscissa axis represents a soak time and the ordinate axis represents the product of a
fluid temperature 'cind a coolant temperature.  Actually, the ECU 50 is configured to use
a value obtained by multiplying the product of a fluid temperature and a coolant
temperature by a coefficient k. The coefficient k is set on the basis of the specifications

of the vehicle, and is obtained through empirical measurement in advance. In the
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following description, the product of a fluid temperature and a cbolant temperature means

a value obtained by multiplying the product of a fluid temperature and a coolant

temperature by the coefficient k.

[0056]  In the vapor prociuction prediction map, a determination line 61 by which
it 1s determined whether vapors are produced is set, and the ECU 50 determines. that
vapors have been produced in fuel inside the fuel supply device 44 when the prbduct‘of a
fluid temperature and a coolant temperature exceéds the determination line 61 in a certain
soak time. |

[0057)  For example, at the time of a previous engine stop, that is, at a soak time _
0, when the product of a fluid temperatﬁre and a coolant temperature is a value in a solid-
line 62, the product of a ‘ﬂuid temperature and. a coolant temperature exceeds the
detérmination line 61 when the soak time becomes longer than T1. When the product of
a fluid temperature and a coolant temperature isa value m a solid line 63 at the time of a
previous engine stop, the product of a fluid temperature and a. éoolant temperature
exceeds a determination line 61 when the soak time becomes longer than T2.

(0058]  When the prodﬁct of a fluid temperature and a coolant temperature at the
time of a previous engine stop is a value in a solid line 64, the product of a fluid -
temperaturé and a coolant temperature does not exceed a determination line 61
irrespective of a soak time. In this way, production of vapors varies depending on a

fluid temperaturé, a coolant temperature and a soak time, and the ECU 50 is configured

~ to determine whether vapors have been produced on the basis of the vapor production

prediction map shown in FIG. 4.

[0059]  When the ECU 50 determines that vapors have been produced on the
basis of the vapor production prediction map, the ECU 50 is configured to increase the
fuel injection amount with respect to a usual fuel injection amount at the time of a restart

of the engine 1 such that engine stalling does not occur through a decrease in the amount

“of fuel due to the fact that vapors are contained in fuel at the time when fuel is injected

into the combustion chambers 14.

[0060] At this time, the air-fuel ratio deviates toward a rich side through an - '
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increase in the amount of fuel; however, air-fuel ratio feedback control is being executed, '

s0, in the existing art, the fuel injection amount is decreased such that the air-fuel ratio

deviated toward a rich side is corrected toward a lean side. Therefore, when vapors are

injected from each injector 32 at timing at which the fuel injection amount is redliced, the

amount of fuel actually supplied further reduces, and engine stalling may occur.

[0061]  Therefore, when the ECU 50 according to the present embodiment
determines that vapors have been produced at the time of a restart of the engine 1, the
fuel injection amount is increased, and a feedback gain in air-fuel ratio feedback control
is decreased. By so doing, a steep reduction in fuel injection amount is suppressed.

[0062]  FIG. 5 is a graph that shows a variation in engine rotation speed, air-fuel
ratio and fuel injection rate against time when vapors have been produced. In the graph
of FIG. 5, the solid lines respectively represent a temporal variation in engine rotation
speed, a temporal variation in air-fuel ratio and a temporal vériation in fuel injection rate
in the present embodiment. The broken lines respectively represent a temporal variation |
in engine rotation speed, a temporal variatién in air-fuel ratio and a temporal variation in
fuel injection rate in existing air-fuel ratio feedback control that does not decrease a
feedback gain.

[0063])  In the existing art, when the ehgine I restarts at time TO (see the broken
line 72), after the air-fuel ratio once deviatesh toward a lean side (see the broken line 74),
the air-fuel ratio deviates toward a rich side through an increase in fuel injection amount
with respect to a usual fuel injection amount. Because air-fuel ratié feedback control is
being executed, the ECU 50 decreases the fuel injection rate at time tl such that the
air-fuel ratio deviated toward a fich side is corrected toward a lean side (seé‘ the broken
line 76). |

[0064]  Therefore, when large amounts of vapors are contained in fuel, the
air-fuel ratio sighiﬁcantly deviates toward a lean side at time T2 (see the broken line 74),
and, as a result, engine stalling occurs (see the broken line 72).

(0065] In contrast to this, with the ECU 50 according to the present embodimem,

when the engine | starts at time TO (see the solid line 71), the air-fuel ratio ‘deviates
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toward a rich side due to an increase in the amount of fuel (see the solid line 73); however,
air-fuel ratio fgedback control of which the feedback gain is decreased is being executed,
so, different from the case where air-fue] ratio feedback control is stopped until vapors
are removed, an excessive increase in fuel injection amount is suppressed. Thus, a
deviation of the air-fuel ratio toward a rich side is suppressed. Different trom the case
where the existing air-fuel] ratio feedback control of which the feedback gain is not
decreased, a Steep correction of the air-fuel ratio toward a leap side is suppressed also in
the case where the air-fuel ratio deviates toward a rich side (see the solid line 73), and, as
a result, fuel injection control shifts into normal fuel injection control without occurrence
of engine stalling. |

- [0066) When vapors in the fuel supply device 44 are removed at time T3, the
ECU 50 ends a decrease in the feedback gain, and causes feedback control to shift into
normal feedback control.

[0067]  Note that the feedback gain that is used at the time when vapors have
been produced is desirably set to, for example, 1/10 1o 1/15 of a normal feedback gain.
A change of the feedback gain just needs to be made in any one of the above-described
main feedback control and sub-feedback control within air-fuel ratio feedback control,
and may be épplied to any one of main feedback control and sub-feedback control. - At
least one of the proportional gain and the derivative gain in main feedback control or
sub-feedback control’ constitutes a feedback gain according to the invention, and the
integral gain may also constitute the feedback gain according to the invention.

(0068]  When the ECU 50 starté air-fuel ratio feedback control at the time when

vapors have been produced, the ECU 50 returns to normal control a predetermined period

of time later. The predetermined period of time is calculated as a period of time that is

required to remove vapors that have been produced in the fuel supply device 44. Here,
the period of time that is required to remove vapors is a value based on a fuel
consumption. Thus, the ECU 50 calculates the fuel consumption on the basis of an
engine rotation speed and an engine load, and calculates the predetermined period of time

by dividing the amount of fuel present within a range in which vapors can be produced in
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the fuel supply device 44 by the fuel consumption. Here, the amount of fuel that is

present within the range in which vapors can be produced is obtéined through empirical

measurement in advance.

{0069] As described above, the engine load is calculated on the basis of an
intake air amount and an engine rotation speed. Note that the engine load varies on thg
basis of operating states of auxiliaﬁes, such as an alternator and an air conditioner
mounted on the vehicle, so the ECU 50 may acquire the operaiing states of the alternator,
the air-conditioner, and the like, and may calculate the engine load by consulting a map
that associates these operating stétes with an engine load.

[0070] Nex;, an air-fuel ratjo feedback control process éccording to the present
embodiment will be described with reference to FIG 6. The following process is
executed in the case where the CPU that constitutes the ECU 50 has acquired a signal that
in‘dic‘ates a request to start the engine 1, and implements a program that is processablé by
the CPU.

[0071]  First, the ECU 50 acquires a fluid tempcrature, a coolant temperature and
a soak time (step S11). Specifically, the ECU 50 acquires signals that indicate the
lubricant temperature and coolant temperature of the engine 1 from the fluid temperature
sensor 54 and the coolant temperature sensor 33, and acquires the soak time by
consulting the timer. The timer starts counting at the time when the engine 1 is stopped
last time. |

[0072) Subsequently, the ECU 50 determines whether vapors have been
produced in the fuel supply device 44 (step S12). Specifically, the ECU 50 determines
whether vapors have been produced in the fuel supply device 44 on the basis of the
information acquired in step S11 and the vapor production prediction map shown in FIG.
4,

{0073] When the ECU 50 determines that vapors have been produced in the fuel
supply device 44 (YES in step S12), the process proceeds to step S13. On the other
hand, when it is determined that va"pors have not been produced in the fuel supply device

44 (NO in step S12), the process proceeds to step S16, and normal feedback control is
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executed. Here, the normal feedback control means air-fuel ratio feedback control thai
uses a pre-changed feedback gain.

{0074]  When the process proceeds to step S13, the ECU 50 ché.nges the
feedback gain. The changed feedback gain is obtained through empirical measurement
in advance, and is stored in the ROM. As described above, a change of thé feedback
gain may be executed in at least one of main feedback control and sub-feedback control.
Thus, when the ECU 50 refers to a value that indicates the changed feedback gain by
consulting the ROM, the ECU 30 executes air-fuel ratio feedback control using the value.

{0075]  Subsequently, the ECU 50 predi‘cts a vapor production time (step 514).
As described above, the ECU 50 predicts a vapor production time that indicates a period
of time during which vapors may be contained in fuel that is supplied into the combustion
chambers 14 on the basis of the engine rotation speed and the engine load.

[0076]  Subsequently, the ECU 350 determines whether vapor production end
time has been reached (step S15). The vapor production end time is the time that
indicates a lapse of the vai)or production time predicted in step S14 from a start of the
engine 1. The ECU 50 starts counting with the use of the timer at the beginning of a
start of the engine 1, and determines whether the count of the timer has reached the vapor
production end time.

[0077)  When the ECU 50 determines that the vapor production end time has not
been reached (NO in step S15), this step is tepeated. On the other hand, when it is
determined that the vapor productiori end time has been reached (YES in step S13), the
process proceeds to step S16, and normal feedback control is executed.

[0078)  As described above, when vapors have been produced in the fuel supply

device 44, the ECU 50 according to the present embodiment is able to decrease the

feedback gain in air-fuel ratio feedback control. By so doing, even when the fuel
ihjectio.n amount is increased in order to promptly remove vapors from the fuel supply
device 44, it is possible to suppress occurrence of engine stalling due to a decrease in the
fuel injection amount such that the air-fuel ratio is corrected toward a lean side thrdugh

air-fuel ratio feedback control. It is possible to execute air-fuel ratio feedback control
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from a start of the engine 1, so it is pbssible to suppress an excessive increase in the fuel
injection amount when vapors in the fuel supply device 44 are removed in the case where
air-fuel ratio feedback control is not executed at the time of a start of the engine. Thus,
it is possible to suppress deterioration of exhaust gas characteristic and occurrence of
engine stalling by optimizing air-fuel ratio feedback control at the time of a start of the
en‘gine 1. |

[0079]  The ECU 50 is able to predict whether vapors have been produced in the
fuel supply device 44 on the basis of the lubricant temperature and coolant temperathre of
the engine lv and a stop time of the engine 1, so it is possible to accurately predict whether
vapors have been produced and to execute air-fuel ratio feedback control in response‘ to a
situatiOn of production of vapors.

(0080] The ECU 50 ends a decrease in the feedback gain after, a lapse of the
predetermined period of time from the start of the engine 1, so, when vapors contained in
fuel in the fuel supply device 44 have been removed, it is possible to further promptly

bring an actual air-fuel ratio into coincidence with a target air-fuel ratio by returning the

feedback gain to a normal value.

[0081]  The ECU 50 sets the predetermined period of time on the basis of the
amount of air detected by the air flow meter 26, so it is possible to accurately estimate a
period of time during which vapors contained in fuel in the fuel supply device 44 are

removed, ahd, when vapors have been removed, it is possible to promptly return the

- feedback gainto a normal value.

[0082]  The above description is made on the example in which the internal
éombustion engine according to the invention is formed of a gasoline engine;, however,
the internal combustion engine is not limited to this configuration. The internal
combustion engine may be formed of an internal combustion engine that uses light oil or
alcohol as fuel.

{0083)  The above description is made on the case where the internal combustion
engine according to the invention is applied to a port-injectioh—type engine; however, the

internal combustion engine is not limited to this configuration. The internal combustion
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enginé may be applied to a direct-injection-type engine that directly supplies fuel into
each combustion chamber 14 or a dual-type engine that carries out both port injection and
direct injection. ’ |

[0084] As described above, the control device according to the 'invention' is
advantageously able to suppress dete_rioraﬁon of | exhaust gas charaéteristic and
occurrence of engine stalling by optimizing air-fuel ratio control at thé time of a start of
the internal combusftion engine, and is useful in the cbntibl device for an internal

combustion engine.
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CLAIMS:

1. Acontrol device for an intefnal combustion engine, comprisihg:

an air-fuel fatio detecting unit provided in an exhaﬁst passage of the internal
combustion engine and configured to detect an air-fuel raﬂo of exhaust gaé of the internal
combustion engine; |

a vapor prediction unit configured to predict whether vapors'have been produced in
fuel in a fuel supplry device at the time of a start of the internal combustion engine; and

a feedback control unit configured to execute air-fuel ratio feedback control for
bringing the air-fuel ratio in the intémal combustion engine close to a target air-fuel ratio
by controlling a fuel injection amount of the fuel supply device, the fuel supply device
injecting fuel into a combustion chamber of the internal combustion engine, on the basis
of the air-fuel ratio detected by the air-fuel ratio detecting unit, and the fegdbaék control
unit being configured to decrease a feedback gain in the air-fuel ratio feedback control
when the vapor prediction unit predicts that vapors have been produced as compared with

when the vapor prediction unit predicts that vapors have not been produced.

2. The control device according to claim 1, wherein
the vapor prediction unit predicts whether vapors have been ‘produce.d in the fuel
supply device on the basis of a lubricant temperature and coolant temperature of the

Internal combustion engine and a stop time of the internal combustion engine.

3. The control device according to claim 2, wherein
the feedback control unit ends a decrease in the feedback gain after a lapse of a

predetermined period of time from a start of the internal combustion engine.

4. The control device according to claim 4, further comprising:

an intake air amount detecting unit configured to detect an amount of air, the
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amount of air being taken into the internal combustion engine, wherein
the feedback control unit sets the predetermined period of time on the basis of the

amount of air, the amount of air being detected by the intake air amount detecting unit.

5. A control method for an internal combustion engine, comprising;

detecting an air-fuel ratio of exhaust gas in an exhaust passage of the internal
c\ombustion engine;

predicting whether vapors have been produced in fuel in a fuel sup;ﬂy device at the
time of a start of the internal combustion engine; and |

executing air-fuel ratio feedback control for bringing the air-fuel ratio in the internal
combustion engine close to a target air-fuel ratio by controllinlg a fuel injection amount of
the fuel supply device, the fuel supply device injecting fuel into a combustion chamber of
the internal combustion engine, on the bésis of the detected air-fuel ratio, and decreasing
é feedback gain in the air-fuel ratio feedback control when it is predicted that vapors have

been produced as compared with when it is predicted that vapors have not been produced.
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