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feed device which feeds air to an upstream side of an exhaust purification
catalyst, a cylinder fuel injector which injects fuel to an inside of a combus-
tion chamber, and an intake passage fuel injector which injects fuel to an en-
gine intake passage. When the rate of rise of temperature of the upstream side
end part of the exhaust purification catalyst exceeds a rate judgment value,
the control device increases the ratio of the fuel injection amount of the in-
take passage fuel injector to the fuel injection amount of the cylinder fuel in-
jector while feeding air to the engine exhaust passage by the secondary air
feed device.
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Description

Title of Invention: INTERNAL COMBUSTION ENGINE
Technical Field

The present invention relates to an internal combustion engine.
Background Art

It is known to arrange an exhaust purification catalyst in an engine exhaust passage
of an internal combustion engine to remove the carbon monoxide (CO), hydrocarbons
(HC), nitrogen oxides (NOx), and other constituents which are contained in the exhaust
gas. The exhaust purification catalyst has an activation temperature which enables
removal of the constituents of the exhaust gas with a high efficiency. Right after
startup after an internal combustion engine has been shut down for a long time, an
exhaust purification catalyst is at less than the activation temperature. It is preferable to
raise the temperature of the exhaust purification catalyst fast. On the other hand, if
raising the temperature of the exhaust purification catalyst too much, the catalyst dete-
riorates etc., so the exhaust purification catalyst is preferably maintained at a suitable
temperature range.

In the prior art, to raise the temperature of the exhaust purification catalyst at the time
of a cold start etc. in a short time, it is known to arrange a secondary air feed device
which feeds air to the engine exhaust passage at the upstream side of the exhaust pu-
rification catalyst. The secondary air feed device feeds secondary air to the engine
exhaust passage to raise the concentration of oxygen. The feed of secondary air can be
used to oxidize the unburned hydrocarbon (HC) or carbon monoxide (CO) which is
contained in the exhaust gas to thereby raise the temperature of the exhaust gas and
promote the rise in temperature of the exhaust purification catalyst.

Japanese Patent Publication No. 05-195760A discloses an engine which is provided
with a secondary air feeding means which is provided with a pump which supplies new
air to an exhaust manifold or catalytic converter. In this engine, it is disclosed to shut
down operation of the pump of the secondary air feeding means by a signal from an
exhaust temperature sensor, catalyst temperature sensor, or linear oxygen con-
centration sensor when the activation of the catalytic converter is obstructed and when
a temperature is reached at which damage occurs.

Japanese Patent Publication No. 2000-120471A discloses a cylinder injection type
engine which is provided with a secondary air feeding means which feeds secondary
air to the exhaust passage to activate an exhaust gas purification catalyst. It is disclosed
that when judging that the exhaust gas purification catalyst is in a high temperature

state, an engine injects fuel to become lean in the period from the suction stroke to the
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compression stroke, then injects fuel in the expansion stroke and, furthermore, uses the

secondary air feeding means to feed secondary air.
Japanese Patent Publication No. 2008-095532A discloses an internal combustion

engine which is provided with a cylinder injection type injector and a port injection
type injector. This publication discloses to provide an ECU of the internal combustion
engine with a catalyst warmup reset control part which fixes the ratio of fuel injection
by the cylinder injection type injector and port injection type injector after the end of
catalyst warmup control until predetermined conditions are reached. Further, Japanese
Patent Publication No. 2007-168563A discloses a hybrid vehicle which is provided
with an internal combustion engine and electric motor where the increase of the
amount of fuel feed to the internal combustion engine to adjust the temperature of the

catalyst is set based on the chargeable power.
Citation List

Patent Literature

PTL 1: Japanese Patent Publication No. 05-195760A
PTL 2: Japanese Patent Publication No. 2000-120471A
PTL 3: Japanese Patent Publication No. 2008-095532A
PTL 4: Japanese Patent Publication No. 2007-168563A

Summary of Invention

Technical Problem

When using a secondary air feed device to raise the temperature of an exhaust pu-
rification catalyst, high temperature exhaust gas flows in from the upstream side end
part of the exhaust purification catalyst. For this reason, the upstream side end part of
the exhaust purification catalyst rapidly rises in temperature and a temperature
difference arises between the temperature of the center part of the exhaust purification
catalyst or the downstream side end part of the exhaust purification catalyst. Fur-
thermore, when the exhaust purification catalyst has an oxidation function, if the tem-
perature of the upstream side end part rises, the upstream side end part is improved in
oxidation ability and the hydrocarbons or carbon monoxide is oxidized and heat of
oxidation is generated. As a result, a rise in temperature of the upstream side end part
is promoted and the temperature difference between the upstream side end part and
center part and the temperature difference between the upstream side end part and
downstream side end part become larger.

If the temperature difference in the exhaust purification catalyst becomes larger in
the direction toward the downstream side, the base material of the exhaust purification
catalyst is liable to warp and be damaged. For example, the base material of the

exhaust purification catalyst is liable to end up breaking. Alternatively, if the upstream
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side end part rises too much in temperature, the upstream side end part is liable to de-
teriorate in catalyst performance. To avoid such damage of the exhaust purification
catalyst, for example, it is possible to perform control to stop the feed of secondary air
when the exhaust purification catalyst is liable to reach a state where it would be

damaged.
However, in this case, for example, even if the upstream side end part of the exhaust

purification catalyst reaches the activation temperature, sometimes the center part and
downstream side end part of the exhaust purification catalyst still have not been suf-
ficiently raised in temperature and have not reached the activation temperature. For
this reason, if stopping the feed of secondary air, the exhaust gas is not sufficiently
purified at the center part and downstream side end part of the exhaust purification
catalyst and the exhaust purification catalyst as a whole is liable to be unable to exhibit
sufficient purification ability. That is, there is the problem that raising the temperature
at the center part and downstream side of the exhaust purification catalyst takes time
and therefore time is taken until a sufficient removal rate is exhibited.

The present invention has as its object to provide an internal combustion engine
which is provided with an exhaust purification catalyst and a secondary air feed device
and which can keep the exhaust purification catalyst from being damaged while raising
the temperature of the exhaust purification catalyst as a whole in a short time.
Solution to Problem

The internal combustion engine of the present invention is provided with an exhaust
purification catalyst which is arranged at an engine exhaust passage, a secondary air
feed device which feeds air to the engine exhaust passage at an upstream side from the
exhaust purification catalyst, a cylinder fuel injector which injects fuel to an inside of a
combustion chamber, an intake passage fuel injector which injects fuel to an engine
intake passage, a temperature acquiring device which acquires a temperature of an
upstream side end part of the exhaust purification catalyst, and a control device. The
control device acquires the temperature of the upstream side end part of the exhaust
purification catalyst when feeding air to the engine exhaust passage by the secondary
air feed device. When a variable based on the acquired temperature of the upstream
side end part exceeds a predetermined judgment value, the control device increases a
ratio of the fuel injection amount of the intake passage fuel injector to the fuel injection
amount of the cylinder fuel injector while performing a control to feed air to the engine
exhaust passage by the secondary air feed device.

In the above invention, the control device may use the temperature of the upstream
side end part of the exhaust purification catalyst as the basis to estimate a rate of rise of

temperature of the upstream side end part of the exhaust purification catalyst and,
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when the rate of rise exceeds a predetermined rate judgment value, the control device
increases the ratio of the fuel injection amount of the intake passage fuel injector to the
fuel injection amount of the cylinder fuel injector while performing a control to feed

air to the engine exhaust passage by the secondary air feed device.
In the above invention, the control device may use the temperature of the upstream

side end part of the exhaust purification catalyst as the basis to estimate a rate of rise of
temperature of the upstream side end part of the exhaust purification catalyst and
increase the ratio of the fuel injection amount of the intake passage fuel injector to the
fuel injection amount of the cylinder fuel injector the greater the rate of rise.

In the above invention, the control device may reduce the ratio of the fuel injection
amount of the intake passage fuel injector to the fuel injection amount of the cylinder
fuel injector when the rate of rise exceeds the rate judgment value, then becomes less
than the rate judgment value.

In the above invention, when the temperature of the upstream side end part of the
exhaust purification catalyst exceeds a predetermined temperature judgment value, the
control device may increase the ratio of the fuel injection amount of the intake passage
fuel injector to the fuel injection amount of the cylinder fuel injector while performing

a control to feed air to the engine exhaust passage by the secondary air feed device.

Advantageous Effects of Invention

According to the present invention, it is possible to provide an internal combustion
engine which is provided with an exhaust purification catalyst and a secondary air feed
device and which can raise the temperature of the exhaust purification catalyst as a
whole in a short time while keeping the exhaust purification catalyst from being

damaged.
Brief Description of Drawings

[fig. 1]FIG. 1 is a schematic view of an internal combustion engine in an embodiment.
[fig.2]FIG. 2 is a time chart of first operational control in an embodiment.
[fig.3]FIG. 3 is a flowchart of first operational control in an embodiment.

[fig.4]FIG. 4 is a time chart of second operational control in an embodiment.

Description of Embodiments

Referring to FIG. 1 to FIG. 4, an internal combustion engine in an embodiment will
be explained. In the present embodiment, an internal combustion engine which is
installed in a vehicle will be taken up as an example for the explanation.

FIG. 1 is a schematic view of an internal combustion engine in the present em-
bodiment. The internal combustion engine in the present embodiment is a spark
ignition type. The internal combustion engine is provided with an engine body 1. The

engine body 1 includes a cylinder block 2 and a cylinder head 4. Inside of the cylinder
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block 2, pistons 3 are arranged. The pistons 3 move in a reciprocating manner inside of
the cylinder block 2.

In the present embodiment, the space which is surrounded by the top surface of each
piston 3 and the cylinder head 4 when the piston 3 reaches top dead center is called a
"combustion chamber". A combustion chamber 5 is formed for each cylinder. The
combustion chamber 5 is connected to an engine intake passage and engine exhaust
passage. The engine intake passage is a passage for feeding fuel or an air-fuel mixture
of fuel and air to the combustion chamber 5. The engine exhaust passage is a passage
for exhausting exhaust gas which is produced by combustion of fuel from the
combustion chamber 5.

The cylinder head 4 is formed with intake ports 7 and exhaust ports 9. An intake
valve 6 is formed arranged at the end part of each intake port 7 to be able to open and
close the engine intake passage which communicates with the combustion chamber 5.
An exhaust valve 8 is formed arranged at the end part of each exhaust port 9 to be able
to open and close the engine exhaust passage which communicates with the
combustion chamber 5. The cylinder head 4 has ignition devices constituted by spark
plugs 10 fixed to it.

The internal combustion engine in the present embodiment is provided with cylinder
fuel injectors constituted by fuel injectors 11 which inject fuel to the insides of the
combustion chambers 5. Each fuel injector 11 directly injects fuel to the inside of a
cylinder. At the top surface of each piston 3, a cavity 3a is formed which extends from
below the fuel injector 11 to below the spark plug 10. By injecting fuel from the fuel
injector 11 in the compression stroke, the air-fuel mixture which includes fuel flows
along a cavity 3a. The fuel can collect near the spark plug 10 to raise the stratification
degree. Further, the internal combustion engine in the present embodiment is provided
with intake passage fuel injectors constituted by fuel injectors 12 which inject fuel to
the engine intake passage. Each fuel injector 12 in the present embodiment is arranged
so as to inject fuel to the inside of the intake port 7.

The internal combustion engine of the present embodiment feeds fuel which is stored
in a fuel tank to the fuel injectors 11 and 12 by a fuel pump. Further, in the channel
which feeds fuel to the fuel injectors 11 which inject fuel into the cylinders, a high
pressure pump is arranged to raise the pressure of the fuel.

The intake port 7 of each cylinder is connected through a corresponding intake
runner 13 to a surge tank 14. The surge tank 14 is connected through an intake duct 15
to an air cleaner 23. At the inside of the intake duct 15, an air flow meter 16 which
detects the amount of intake air is arranged. Inside of the intake duct 15, a throttle
valve 18 which is driven by a step motor 17 is arranged. On the other hand, the exhaust

port 9 of each cylinder is connected to an exhaust manifold 19. The exhaust manifold
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19 is connected through an exhaust pipe 22 to an exhaust treatment device 21. The
exhaust treatment device 21 in the present embodiment includes an exhaust pu-
rification catalyst 20. As the exhaust purification catalyst 20, it is possible to employ
any catalyst which has an activation temperature for reaching a predetermined pu-
rification rate. For example, a three-way catalyst, oxidation catalyst, NOy removal
catalyst, or other catalyst can be employed.

The internal combustion engine in the present embodiment is provided with an
electronic control unit 31 which functions as a control device. The electronic control
unit 31 in the present embodiment includes a digital computer. The electronic control
unit 31 includes components which are connected to each other through a bidirectional
bus 32 such as a RAM (random access memory) 33, ROM (read only memory) 34,
CPU (microprocessor) 35, input port 36, and output port 37.

An output signal of the air flow meter 16 is input through a corresponding AD
converter 38 to the input port 36. An accelerator pedal 40 is connected to a load sensor
41. The load sensor 41 generates an output voltage which is proportional to the amount
of depression of the accelerator pedal 40. This output voltage is input through a corre-
sponding AD converter 38 to the input port 36.

A crank angle sensor 42, for example, generates an output pulse every time a
crankshaft rotates by a predetermined angle. This output pulse is input to the input port
36. The output of the crank angle sensor 42 can be used to detect the engine speed.
Further, the output of the crank angle sensor 42 can be used to detect the crank angle at
any time.

When referring to the ratio of the air and fuel (hydrocarbons) in the gas which is fed
to the engine exhaust passage etc. upstream of the exhaust treatment device 21,
including the gas burned at the combustion chamber 5, as the "air-fuel ratio (A/F) of
the exhaust gas", the engine exhaust passage is provided with an air-fuel ratio sensor
44 which detects the air-fuel ratio of the exhaust gas of the gas which flows out from
each combustion chamber 5. Further, at the upstream side end part of the exhaust pu-
rification catalyst 20, a temperature sensor 43 is arranged as a temperature detector
which detects the temperature of the upstream side end part of the exhaust purification
catalyst 20 (below, referred to as the "front end temperature"). The temperature sensor
43 functions as a temperature acquiring device which acquires a front end temperature.
The output of the air-fuel ratio sensor 44 and the output of the temperature sensor 43
are input through corresponding AD converters 38 to the input port 36.

The output port 37 of the electronic control unit 31 is connected through corre-
sponding drive circuits 39 to the fuel injectors 11 and 12 and spark plugs 10. The
electronic control unit 31 in the present embodiment is formed so as to perform fuel

injection control and ignition control. That is, the timing of injection of fuel and the
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amount of injection of fuel are controlled by the electronic control unit 31.

In the present embodiment, the fuel injectors 11 and the fuel injectors 12 are inde-
pendently controlled. That is, the injection amount and injection timing of fuel from
the fuel injectors 11 and the injection amount and injection timing of fuel from the fuel
injectors 12 are controlled separately from each other.

Furthermore, the ignition timing of the spark plugs 10 is controlled by the electronic
control unit 31. Further, the output port 37 is connected through a corresponding drive
circuit 39 to the step motor 17 which drives the throttle valves 18. These devices are
controlled by the electronic control unit 31.

The internal combustion engine of the present embodiment is provided with a
secondary air feed device 25 which feeds air to the engine exhaust passage at the
upstream side from the exhaust purification catalyst 20. The secondary air feed device
25 includes a secondary air feed passage 26 which connects the intake duct 15 and
exhaust manifold 19. The secondary air feed passage 26 is connected to the intake duct
15 at downstream side of the air cleaner 23 and upstream side of the air flow meter 16.
Further, the secondary air feed device 25 includes an electric motor drive type air
pump 27 and air switching valve (ASV) 28. The air pump 27 pressurizes the air inside
of the intake duct 15 and feeds it to the exhaust manifold 19. Further, at the secondary
air feed passage 26, a check valve 29 is arranged for preventing the backflow of air.
Between the air pump 27 and the air switching valve 28, a pressure sensor 30 which
detects the pressure inside of the secondary air feed passage 26 is arranged.

The output of the pressure sensor 30 is input to the electronic control unit 31.
Further, the output port 37 of the electronic control unit 31 is connected through a cor-
responding drive circuit 39 to the air pump 27 and the air switching valve 28. In this
way, the secondary air feed device 25 is controlled by the electronic control unit 31.

The secondary air feed device 25 in the present embodiment is, for example, used in
a state where the exhaust purification catalyst 20 is not sufficiently raised in tem-
perature such as at the time of cold start of the internal combustion engine. That is, it is
used when the exhaust purification catalyst 20 has not reached the activation tem-
perature.

At the time of cold start of the internal combustion engine etc., the air switching
valve 28 is opened and the air pump 27 is driven. Part of the air which passes through
the air cleaner 23 passes through the secondary air feed passage 26 and is fed to the
inside of the exhaust manifold 19. Oxygen is fed to the exhaust gas which flows
through the exhaust manifold 19. The exhaust gas which flows out from each
combustion chamber 5 includes unburned hydrocarbons or carbon monoxide. The
exhaust gas which flows out from the combustion chamber 5 is a high temperature. By

using the secondary air feed device to feed oxygen, it is possible to oxidize the
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unburned hydrocarbons or carbon monoxide. The heat of oxidation at this time can be
used to make the temperature of the exhaust gas rise.

It is possible to feed the high temperature exhaust gas to the exhaust purification
catalyst 20 and possible to promote the rise of temperature of the exhaust purification
catalyst 20. As a result, it is possible to raise the temperature of the exhaust pu-
rification catalyst 20 to the activation temperature or more in a short time. That is, it is
possible to keep the exhaust gas from being discharged into the atmosphere in the state
where it cannot be sufficiently purified by the exhaust purification catalyst 20.

Alternatively, when the exhaust purification catalyst 20 has an oxidation function, it
is possible to feed air to the exhaust gas to make the exhaust gas lean in air-fuel ratio
(more than stoichiometric air-fuel ratio) of the exhaust gas and feed it to the exhaust
purification catalyst 20. It is possible to oxidize the unburned hydrocarbons and carbon
monoxide in the exhaust purification catalyst 20 and possible to promote the rise in
temperature of the exhaust purification catalyst 20.

In this regard, if using the secondary air feed device 25 to feed air, the exhaust gas
which flows into the exhaust purification catalyst 20 becomes a high temperature and
the temperature of the upstream side end part of the exhaust purification catalyst 20
(front end temperature) rapidly rises. In the first operational control of the present em-
bodiment, when it is judged based on the front end temperature of the exhaust pu-
rification catalyst 20 that the exhaust purification catalyst will be damaged, control is
performed to raise the ratio of the fuel injection amount of the fuel injector 12 to the
fuel injection amount of the fuel injector 11 while feeding air to the engine exhaust
passage by the secondary air feed device 25. That is, control is performed to increase
the ratio of the amount of fuel which is fed to the engine intake passage. In the present
embodiment, when a predetermined variable based on the front end temperature of the
exhaust purification catalyst 20 exceeds a predetermined judgment value, it is judged
that the exhaust purification catalyst will be damaged.

FIG. 2 is a time chart of first operational control in the present embodiment. FIG. 2
shows the operating state when cold starting an internal combustion engine. FIG. 2
shows as the temperature of the exhaust purification catalyst 20, the temperature of the
center part of the exhaust purification catalyst 20 (center temperature) in addition to
the front end temperature. Further, a working example is shown by the solid line, while
a comparative example is shown by the broken line.

At the time t0, the internal combustion engine is started up. Exhaust gas flows out
from each combustion chamber 5 after combustion and flows into the exhaust pu-
rification catalyst 20. The exhaust purification catalyst 20 gently rises in front end tem-
perature and center temperature.

At the time t1 right after cold starting the internal combustion engine, fast warmup
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control in which the ignition timing and fuel injection timing at each combustion
chamber 5 etc. are adjusted to rise the temperature of the exhaust gas which flows out
from the combustion chamber 5 is performed. In the fast warmup control of the present
embodiment, fuel is injected from each fuel injector 11 in the compression stroke. That
is, fuel is injected from the fuel injector 11 while the piston 3 is rising. The fuel which
is injected from the fuel injector 11 collects around the spark plug 10 and becomes
higher in stratification degree. A state is formed where even if greatly delaying the
ignition timing, ignition becomes possible. Further, by greatly delaying the ignition
timing, it is possible to make the temperature of the exhaust gas which flows out from
the combustion chamber 5 rise.

The internal combustion engine of the present embodiment is formed to enable
change of the ratio (Qp/Qd: injection distribution ratio) of the fuel injection amount Qp
from a fuel injector 12 which injects fuel to the intake port 7 to the fuel injection
amount Qd from a fuel injector 11 which directly injects fuel to the combustion
chamber 5. In this embodiment of the present embodiment, the example is shown of
maintaining the overall amount of feed of fuel which is fed to the combustion chamber
5 constant while changing the injection distribution ratio. At the time t1, the injection
distribution ratio is set to a predetermined injection distribution ratio. Further, the
overall fuel injection amount from the fuel injectors 11 and 12 is controlled so that the
exhaust gas which flows out from the combustion chamber 5 becomes rich in air-flow
ratio (less than stoichiometric air-fuel ratio) of the exhaust gas. In this case, it is also
possible to inject fuel from the fuel injector 11 in the suction stroke in addition to the
compression stroke.

Further, at the time t1, the secondary air feed device 25 is started up. That is, air is
fed to the exhaust manifold 19. Control is performed so that the air-fuel ratio of the
exhaust gas which flows out from each combustion chamber 5 becomes rich. The
exhaust gas which flows out from the combustion chamber 5 contains carbon
monoxide and unburned hydrocarbons. The carbon monoxide and unburned hy-
drocarbons contact the oxygen whereby an oxidation reaction occurs. The temperature
of the exhaust gas rises and high temperature exhaust gas flows into the exhaust pu-
rification catalyst 20. A rise in the front end temperature and center temperature of the
exhaust purification catalyst 20 is promoted and a temperature difference DT is formed
between the front end temperature and the center temperature.

FIG. 2 shows the extent of rise per unit time of the front end temperature of the
exhaust purification catalyst 20, that is, the rate of rise of the front end temperature.
The rate of rise of the front end temperature is increased along with the elapse of time.
The more the rate of rise of the front end temperature is increased, the greater the tem-

perature difference DT between the front end temperature and the center temperature.
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In each case, damage such as cracks, etc., occur in the exhaust purification catalyst 20.
That is, if maintaining the operating state at the time t1, the rate of rise of the front end
temperature ends up exceeding the damage occurrence rate at which the exhaust pu-
rification catalyst 20 will be damaged.

Therefore, in the first operational control of the present embodiment, control is
performed to continue the feed of air by the secondary air feed device 25 while in-
creasing the injection distribution ratio which is the ratio of the fuel injection amount
of the fuel injector 12 to the fuel injection amount of the fuel injector 11. That is,
control is performed to increase the ratio of the amount of fuel which is injected to the
engine intake passage to the amount of fuel which is directly injected into the cylinder.
In this way, by increasing the ratio of the amount of fuel injected to the engine intake
passage, it is possible to lower the stratification degree (richness) around the spark plug
10. It is possible to raise the homogeneity of the air-fuel mixture when igniting fuel in
the combustion chamber 5. As a result, the combustion of the fuel becomes gentler and
the combustion speed becomes slower. The amount of CO which is contained in the
exhaust gas which flows out from the combustion chamber 5 to the exhaust port 9 is
reduced. For this reason, it is possible to suppress the oxidation reaction of the carbon
monoxide which occur by the feed of air from the secondary air feed device 25 and
suppress the rise in temperature of the exhaust gas which is fed to the exhaust pu-
rification catalyst 20.

In the operational control in the present embodiment, a rate judgment value for
changing the injection distribution ratio is set in advance. The rate judgment value for
changing the injection distribution ratio can be set lower than the damage occurrence
rate.

At the time t2, the rate of rise of the front end temperature exceeds the predetermined
rate judgment value. At this time, the temperature gradient of the exhaust purification
catalyst 20 in the direction of flow of exhaust gas becomes higher. If the front end tem-
perature rises by the rate as it is, it is judged that the exhaust purification catalyst 20
will be damaged. For this reason, at the time t2, control is performed to increase the
injection distribution ratio (Qp/Qd). In the present embodiment, the injection dis-
tribution ratio is changed while the amount of feed of fuel as a whole which is fed to
each combustion chamber 5 is maintained substantially constant. Further, the amount
of air which is fed by the secondary air feed device 25 is also maintained substantially
constant. In the first operational control of the present embodiment, from the time t2 to
the time t3, control is performed to maintain the injection distribution ratio after
change.

By increasing the ratio of the fuel injection amount of the fuel injector 12 to the fuel

injection amount of the fuel injector 11, it is possible to keep down the increase of the
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rate of rise of the front end temperature of the exhaust purification catalyst 20. Further,
it is possible to gradually reduce the temperature difference DT between the front end
temperature and center temperature of the exhaust purification catalyst 20. The rate of
rise of the front end temperature exceeds the rate judgment value slightly, then
becomes less than the rate judgment value. For this reason, it is possible to keep the
rate of rise of the front end temperature from reaching the damage occurrence rate.
Furthermore, it is possible to continue the feed of secondary air so as to continuously
promote the rise in temperature of the exhaust purification catalyst 20.

At the time t3, the front end temperature and center temperature of the exhaust pu-
rification catalyst 20 become the warmup end temperature or more. For this reason, at
the time t3, the control for promoting the rise in temperature of the exhaust purification
catalyst 20 is stopped. That is, the fast warmup control is ended and the secondary air
feed device is shut down. Furthermore, the injection distribution ratio is returned to the
original injection distribution ratio before the change. The rate of rise of the front end
temperature of the exhaust purification catalyst 20 gently falls.

In this regard, in the operational control of the comparative example of the broken
line, control is performed to maintain the injection distribution ratio which is set at the
time t1 without changing the injection distribution ratio at the time t2. The greater the
rate of rise of the front end temperature of the exhaust purification catalyst 20, the
greater the temperature gradient of the exhaust purification catalyst 20 in the direction
of flow of exhaust gas. In the operational control of the comparative example, the rate
of rise of the front end temperature reaches the damage occurrence rate of the exhaust
purification catalyst 20. In the operational control of the comparative example, the
temperature difference DTc between the front end temperature and the center tem-
perature increases along with the elapse of time and sooner or later damage occurs.

As opposed to this, in the first operational control of the present embodiment, the
injection distribution ratio is changed when the rate of rise of the front end temperature
of the exhaust purification catalyst exceeds the rate judgment value, so it is possible to
reduce the amount of exhaust of carbon monoxide susceptible to an oxidation reaction
in the engine exhaust passage and possible to suppress the rise in temperature of the
exhaust gas which is fed to the exhaust purification catalyst 20. Further, to continue the
operation without shutting down the secondary air feed device 25, it is possible to
suppress the slowdown in the temperature rise of the exhaust purification catalyst 20. It
is possible to raise the temperature of the exhaust purification catalyst 20 as a whole to
the activation temperature or more in a short time and possible to suppress dete-
rioration of the properties of the exhaust gas which is discharged to the outside.

Alternatively, in the operational control of another comparative example, it is

possible to temporarily shut down the secondary air feed device when the rate of rise
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of the front end temperature of the exhaust purification catalyst reaches the rate
judgment value. After this, when the rate of rise of the front end temperature falls, the
secondary air feed device can be restarted. However, if repeating the startup and
shutdown of the secondary air feed device, the load of the air pump of the secondary
air feed device becomes larger or noise or vibration accompanying startup and
shutdown is generated. As opposed to this, in the first operational control of the present
embodiment, it is possible to suppress the repeated startup and shutdown of the air
pump 27 of the secondary air feed device 25 and possible to reduce the load of the air
pump 27. Further, it is possible to suppress the noise or vibration accompanying
startup and shutdown of the air pump 27.

FIG. 3 shows a flowchart of first operational control in the present embodiment. At
step 111, the startup of the internal combustion engine is detected. At step 112, the fast
warmup control is started, while at step 113, the secondary air feed device is started up.
The start of the fast warmup control and the startup of the secondary air feed device
can be performed at the same timing. Alternatively, the startup of the secondary air
feed device may be performed before the start of the fast warmup control.

Next, at step 114, the front end temperature of the exhaust purification catalyst 20 is
acquired. In the present embodiment, the temperature sensor 43 is used to detect the
front end temperature of the exhaust purification catalyst 20. The device for acquiring
the front end temperature of the exhaust purification catalyst 20 is not limited to a tem-
perature sensor. Any device or control may be used to acquire it. For example, the cu-
mulative value of the amount of intake air of the air which is fed to each combustion
chamber may be used as the basis to estimate the front end temperature of the exhaust
purification catalyst.

Next, at step 115, it is judged if the end timing of warmup of the exhaust purification
catalyst 20 has been reached. The end timing of warmup of the exhaust purification
catalyst 20 is preferably the timing at which the exhaust purification catalyst 20 as a
whole reaches the activation temperature or more. In the present embodiment, the
judgment value of the cumulative value of the intake air amount when the center part
of the exhaust purification catalyst 20 becomes a predetermined warmup end tem-
perature or more is set in advance. At step 115, the intake air amount which is detected
by the air flow meter 16 is used as the basis to calculate the cumulative amount of the
intake air amount and the end timing of warmup is judged when this cumulative value
becomes larger than a predetermined judgment value.

The judgment of the end timing of warmup is not limited to this embodiment. It is
possible to stop control for promoting the rise in temperature of the exhaust pu-
rification catalyst 20 when it is judged that the temperature of the exhaust purification

catalyst 20 as a whole in the direction of flow of the exhaust has been the activation
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[0060]

[0061]

[0062]

[0063]

rification catalyst 2, the routine proceeds to step 116 and step 117. At step 116, the
secondary air feed device is stopped, while at step 117, the fast warmup control is
ended. Note that the secondary air feed device may be stopped and the fast warmup
control may be ended at substantially the same timing. Alternatively, the fast warmup
control may be ended first.

When it is judged at step 115 that the timing is not the end of warmup of the exhaust
purification catalyst 20, the routine proceeds to step 118. At step 118, it is judged if the
detection of the front end temperature of step 114 is the second time or more. If the
detection of the front end temperature is the first time, the routine again returns to step
114. If the detection of the front end temperature of the exhaust purification catalyst 20
is the second time or more, the routine proceeds to step 119. At step 119, the rate of
rise of the front end temperature is calculated. The rate of rise of the front end tem-
perature can, for example, be calculated by using the detected values of the front end
temperature of the most recent consecutive two detection operations.

Next, at step 120, it is judged if the rate of rise of the front end temperature is larger
than the predetermined rate judgment value. When at step 120 the rate of rise of the
front end temperature of the exhaust purification catalyst 20 is the rate judgment value
or less, it is possible to maintain the current state while raising the temperature of the
exhaust purification catalyst 20. In this case, the routine returns to step 114 where the
front end temperature is again detected.

When at step 120 the rate of rise of the front end temperature exceeds the rate
judgment value, the routine proceeds to step 121. In this case, if maintaining the
current operating state, it is possible to judge that the exhaust purification catalyst will
be damaged.

At step 121, the injection distribution ratio of the fuel injector 11 and the fuel injector
12 is changed. In the first operational control, control is performed to raise the ratio of
the fuel injection amount of the fuel injector 12 which injects fuel to the port to the fuel
injection amount of the fuel injector 11 which injects fuel to the combustion chamber
5. In the present embodiment, control is performed to increase the predetermined
injection distribution ratio.

Next, at step 122, it is judged if the end timing of warmup has been reached. When at
step 122 the end timing of warmup has not been reached, the current operational
control is continued. That is, the injection distribution ratio is maintained until the end
timing of warmup is reached to raise the temperature of the exhaust purification
catalyst 20. When at step 122 the end timing of warmup of the exhaust purification
catalyst 20 has been reached, the routine proceeds to step 116. At step 116 and step
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117, as explained above, the secondary air feed device is shut down and the fast
warmup control is ended.

In the first operational control of the present embodiment, the rate of rise of tem-
perature of the upstream side end part of the exhaust purification catalyst 20 is detected
and, when the rate of rise exceeds the predetermined rate judgment value, it is judged
that the exhaust purification catalyst will be damaged, but the invention is not limited
to this embodiment. It is possible to use a variable based on the acquired temperature
of the upstream side end part for the judgment. For example, it is also possible to set in
advance the temperature judgment value of the upstream side end part and, when the
temperature of the upstream side end part exceeds the temperature judgment value,
judge that the exhaust purification catalyst will be damaged. Alternatively, it is also
possible to arrange a temperature sensor which detects the temperature at the center
part of the exhaust purification catalyst to calculate the temperature difference between
the front end temperature and the temperature of the center part and, when the
calculated temperature difference exceeds a predetermined judgment value, judge that
the exhaust purification catalyst will be damaged.

FIG. 4 shows a time chart of the second operational control in the present em-
bodiment. In the second operational control, at the time t0, the internal combustion
engine is started up and, at the time t1, the fast warmup control is started and, fur-
thermore, the secondary air feed device is started up in the same way as the first op-
erational control. At the time (2, the rate of rise of the front end temperature of the
exhaust purification catalyst 20 exceeds the rate judgment value and the injection dis-
tribution ratio is changed in the same way as the first operational control.

In the second operational control, at the time t4, the rate of rise of the front end tem-
perature of the exhaust purification catalyst 20 is less than the rate judgment value. In
the second operational control, when the rate of rise of the front end temperature
becomes less than the rate judgment value, control is performed to decrease the ratio of
the fuel injection amount of the fuel injector 12 with respect to the fuel injection
amount of the fuel injector 11. That is, control is performed to reduce the injection dis-
tribution ratio. In the second operational control of the present embodiment, at the time
t4 on, control is performed to gradually lower the injection distribution ratio by a pre-
determined speed. By performing this control, it is possible to suppress the drop in the
rate of rise of the front end temperature of the exhaust purification catalyst 20 and
possible to raise the exhaust purification catalyst as a whole to the activation tem-
perature or more in a short time.

At the time t5, the temperature of the center part of the exhaust purification catalyst
20 reaches the warmup end temperature and the control for promoting the rise in tem-

perature of the exhaust purification catalyst 20 is ended. It is learned that compared
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with the time t3 at which the control for promoting the rise in temperature of the
exhaust purification catalyst 2 in the first operational control shown in FIG. 2 ends, the
end timing of the rise of temperature of the exhaust purification catalyst 20 becomes
earlier. In this way, in the second operational control, it is possible to use the first op-
erational control to raise the temperature of the exhaust purification catalyst 20 in a
short time.

In the above-mentioned first operational control and second operational control, at
the time t2, the injection distribution ratio is changed to a predetermined injection dis-
tribution ratio and maintained constant. Alternatively, in the second operational
control, at the time t4, furthermore, the injection distribution ratio is decreased by a
predetermined value, but the invention is not limited to this. Control may also be
performed so that the greater the rate of rise of the front end temperature of the exhaust
purification catalyst 20, the more the injection distribution ratio is increased. That is,
control may also be performed so as to estimate the rate of rise of the front end tem-
perature and increase the ratio of the fuel which is injected into the engine intake
passage the greater the rate of rise of the front end temperature.

The control for continuously changing the injection distribution ratio can be started,
for example, at any timing after starting up the internal combustion engine. For
example, it can be started at the time t1 or the time t2 in FIG. 2 and FIG. 4. Fur-
thermore, it can be started from the time t4 at FIG. 4. Due to this control, when the rate
of rise of the front end temperature is large, it is possible to more reliably avoid the rate
of rise of the front end temperature from exceeding the damage occurrence rate.
Further, when the rate of rise of the front end temperature becomes small, it is possible
to increase the rate of rise of the front end temperature and raise the temperature of the
exhaust purification catalyst 20 as a whole to the activation temperature or more in a
short time. In this way, it is possible to make the temperature of the exhaust pu-
rification catalyst as a whole the activation temperature or more in a short time.

Further, when performing control to continuously change the injection distribution
ratio, it is preferable to perform control so that the rate of rise of the front end tem-
perature of the exhaust purification catalyst 20 is maintained near the rate judgment
value. For example, it is possible to provide a range of judgment slightly smaller than
the rate judgment value of the rate of rise of the front end temperature and change the
injection distribution ratio so that the rate of rise of the front end temperature is
maintained in that range of judgment.

Further, when it is judged that the exhaust purification catalyst will be damaged, it is
possible to change the injection timing of the fuel injector 11 which directly injects
fuel into the cylinder. For example, when the fuel injector 11 is injecting fuel in the

suction stroke and injecting fuel in the compression stroke, when the rate of rise of the
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front end temperature of the exhaust purification catalyst 20 exceeds the rate judgment
value, it is possible to increase the ratio of the fuel injection amount at the suction
stroke. Alternatively, when the fuel injector 11 is only injecting fuel at the compression
stroke, it is possible to make the injection timing earlier. By performing either of these
controls, it is possible to weaken the stratification degree of the air-fuel mixture around
the spark plug and suppress the amount of exhaust of the carbon monoxide which
flows out from each combustion chamber 5. For this reason, it is possible to suppress
the amount of oxidation of carbon monoxide and suppress the rise in temperature of

the exhaust purification catalyst.
In the above control, it is possible to suitably change the order of the steps to an

extent where the functions and actions are not changed.

In the above figures, the same or similar parts are assigned the same reference
notations. Note that the above embodiments are illustrations and do not limit the
invention. Further, in the above embodiments, changes of embodiments which are
shown in the claims are included.

Reference Signs List

1 engine body

3 piston

3a cavity

5 combustion chamber

10 spark plug

11, 12 fuel injectors

20 exhaust purification catalyst

25 secondary air feed device

31 electronic control unit

43 temperature sensor
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Claims

An internal combustion engine comprising:

an exhaust purification catalyst which is arranged at an engine exhaust
passage;

a secondary air feed device which feeds air to the engine exhaust
passage at an upstream side from the exhaust purification catalyst;

a cylinder fuel injector which injects fuel to an inside of a combustion
chamber;

an intake passage fuel injector which injects fuel to an engine intake
passage;

a temperature acquiring device which acquires a temperature of an
upstream side end part of the exhaust purification catalyst; and

a control device; wherein

the control device acquires the temperature of the upstream side end
part of the exhaust purification catalyst when feeding air to the engine
exhaust passage by the secondary air feed device, and

when a variable based on an acquired temperature of the upstream side
end part exceeds a predetermined judgment value, the control device
increases a ratio of a fuel injection amount of the intake passage fuel
injector to a fuel injection amount of the cylinder fuel injector while
performing a control to feed air to the engine exhaust passage by the
secondary air feed device.

The internal combustion engine according to claim 1, wherein

the control device uses the temperature of the upstream side end part of
the exhaust purification catalyst as the basis to estimate a rate of rise of
the temperature of the upstream side end part of the exhaust pu-
rification catalyst and,

when the rate of rise exceeds a predetermined rate judgment value, the
control device increases the ratio of the fuel injection amount of the
intake passage fuel injector to the fuel injection amount of the cylinder
fuel injector while performing a control to feed air to the engine
exhaust passage by the secondary air feed device.

The internal combustion engine according to claim 1, wherein

the control device uses the temperature of the upstream side end part of
the exhaust purification catalyst as the basis to estimate a rate of rise of
temperature of the upstream side end part of the exhaust purification

catalyst and increases the ratio of the fuel injection amount of the
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intake passage fuel injector to the fuel injection amount of the cylinder
fuel injector the greater the rate of rise.

The internal combustion engine according to claim 2, wherein

the control device decreases the ratio of the fuel injection amount of the
intake passage fuel injector to the fuel injection amount of the cylinder
fuel injector when the rate of rise exceeds the rate judgment value, then
becomes less than the rate judgment value.

The internal combustion engine according to claim 1, wherein

when the temperature of the upstream side end part of the exhaust pu-
rification catalyst exceeds a predetermined temperature judgment
value, the control device increases the ratio of the fuel injection amount
of the intake passage fuel injector to the fuel injection amount of the
cylinder fuel injector while performing a control to feed air to the

engine exhaust passage by the secondary air feed device.
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FIG. 1
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