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INTERNAL COMBUSTION ENGINE
CONTROL METHOD AND INTERNAL
COMBUSTION ENGINE CONTROL DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an internal com-
bustion engine control method and an 1nternal combustion
engine control device for an internal combustion engine
provided with a turbocharger.

BACKGROUND ART

[0002] A patent document 1 discloses an internal combus-
tion engine provided with a turbocharger and a wastegate
valve, wherein the turbocharger 1s a variable nozzle type
turbocharger structured to adjust a state of boost by adjusting
a vane angle (or nozzle opening) of an exhaust turbine, and
wherein the wastegate valve 1s structured to allow a part of
exhaust gas to bypass the exhaust turbine of the turbocharger
and flow into a downstream side of the exhaust turbine,
wherein the exhaust gas 1s to be brought into the exhaust
turbine.

[0003] Patent document 1 discloses controlling the nozzle
opening of the exhaust turbine and a valve opening of the
wastegate valve when 1n a transient state.

[0004] However, no suflicient study has been made on
eflicient control of the wastegate valve and the nozzle
opening of the exhaust turbine when 1n a transient state
where an intake air quantity of the internal combustion
engine 1s to be varied. Therefore, there 1s room for further
improvement.

PRIOR ART DOCUMENT(S)

Patent Document(s)

[0005] Patent Document 1: Japanese Patent Application
Publication No. 2007-303330

SUMMARY OF INVENTION

[0006] According to the present invention, an internal
combustion engine control method for an internal combus-
tion engine, the internal combustion engine including: a
turbocharger including an exhaust turbine; a wastegate valve
structured to allow a part of exhaust gas to bypass the
exhaust turbine and flow 1nto a downstream side of the
exhaust turbine, wherein the exhaust gas 1s to be brought
into the exhaust turbine; and an exhaust adjustment mecha-
nism structured to adjust a quantity of the exhaust gas; the
internal combustion engine control method comprises: oper-
ating a first one of the wastegate valve and the exhaust
adjustment mechanism with higher priority to a second one
of the wastegate valve and the exhaust adjustment mecha-
nism 1n response to a condition where an 1ntake air quantity
1s to be varied, wherein operation of the first one allows
thermal energy to be recovered more efliciently under the
condition than that of the second one.

[0007] The present invention makes it possible to recover
thermal energy ethiciently as a work of boost pressure. This
serves to reduce a pumping loss, and thereby enhance fuel
efliciency of the internal combustion engine.
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BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 1s an illustrative view schematically show-
ing a general configuration of an internal combustion engine
control device according to the present invention.

[0009] FIG. 2 1s a timing chart showing an example of
operation of a wastegate valve and a variable nozzle when
an intake air quantity 1s to be increased along with an
increase 1n engine load.

[0010] FIG. 3 1s a flow chart showing a flow of control of
the wastegate valve and the variable nozzle when the intake
air quantity 1s to be increased along with an increase 1n
engine load.

[0011] FIG. 4 1s a timing chart showing an example of
operation of the wastegate valve and the varnable nozzle
when the intake air quantity i1s to be reduced along with a
decrease 1n engine load.

[0012] FIG. § 1s a flow chart showing a tflow of control of
the wastegate valve and the variable nozzle when the intake
air quantity 1s to be reduced along with a decrease 1n engine
load.

[0013] FIG. 6 1s a timing chart showing an example of
operation of the wastegate valve and the variable nozzle
when the intake air quantity 1s to be increased so as to set an
air fuel ratio leaner.

[0014] FIG. 7 1s a flow chart showing a tflow of control of
the wastegate valve and the variable nozzle when the intake
air quantity 1s to be increased so as to set the air fuel ratio
leaner.

[0015] FIG. 8 1s a timing chart showing an example of
operation of the wastegate valve and the variable nozzle
when the intake air quantity 1s to be reduced so as to set the
air fuel ratio richer.

[0016] FIG. 9 1s a flow chart showing a flow of control of
the wastegate valve and the variable nozzle when the intake
air quantity 1s to be reduced so as to set the air fuel ratio
richer.

MODE(S) FOR CARRYING OUT INVENTION

[0017] The following describes an embodiment of the
present invention 1n detail with reference to the drawings.
[0018] FIG. 1 1s an illustrative view schematically show-
ing a general configuration of a control device for an internal
combustion engine 1 according to the present invention, to
which a control method for internal combustion engine 1
according to the present invention can be applied.

[0019] Internal combustion engine 1 has an in-cylinder
direct 1njection configuration in this example, wherein each
cylinder 1s provided with a fuel 1njection valve not shown for
injecting fuel into the cylinder.

[0020] Internal combustion engine 1 1s mounted as a drive
source on a vehicle such as an automotive vehicle, and 1s
provided with an intake passage 2 and an exhaust passage 3.
[0021] Internal combustion engine 1 1s connected to intake
passage 2 in which an air cleaner 4, an air flow meter 5, and
a throttle valve 6 are provided, wherein air cleaner 4 1is
structured to collect foreign matter contained 1n i1ntake air,
wherein air flow meter 5 1s structured to sense an intake air
quantity, and wherein throttle valve 6 1s an electronic throttle
valve structured to adjust the intake air quantity. Air flow
meter S 1s arranged upstream of throttle valve 6. Air flow
meter 5 includes a temperature sensor inside, and 1s struc-
tured to sense a temperature of 1intake air at an intake inlet.
Air cleaner 4 1s arranged upstream of air flow meter 5. Intake
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passage 2 1s placed in an engine room in which internal
combustion engine 1 1s mounted.

[0022] Internal combustion engine 1 1s connected to
exhaust passage 3 1n which an upstream exhaust catalyst 7,
a downstream exhaust catalyst 8, and a muifller 9 are
provided, wherein upstream exhaust catalyst 7 1s a three-way
catalyst or the like, wherein downstream exhaust catalyst 8
1s a NOx trap catalyst or the like, and wherein mutiler 9 1s
structured to reduce an exhaust sound. Downstream exhaust
catalyst 8 1s arranged downstream of upstream exhaust
catalyst 7. Mutller 9 1s arranged downstream of downstream
exhaust catalyst 8.

[0023] Internal combustion engine 1 1s further provided
with a turbocharger 10 including a compressor 11 and an
exhaust turbine 12, wherein compressor 11 and exhaust
turbine 12 are arranged coaxially, wherein compressor 11 1s
disposed 1n intake passage 2, and exhaust turbine 12 1is
disposed 1n exhaust passage 3. Compressor 11 1s arranged
upstream of throttle valve 6 and downstream of air flow
meter 5. Exhaust turbine 12 1s arranged upstream of
upstream exhaust catalyst 7. Turbocharger 10 1s a variable
capacity type turbocharger including a variable nozzle 13
structured to adjust a capacity of turbocharger 10. Specifi-
cally, when varniable nozzle 13 is set to have a small nozzle
opening, variable nozzle 13 has characteristics of small
capacity suitable for a condition such as a low speed region
where a flow rate of exhaust gas 1s low. When variable
nozzle 13 1s set to have a large nozzle opening, variable
nozzle 13 has characteristics of large capacity suitable for a
condition such as a high speed region where the tflow rate of
exhaust gas 1s high. Variable nozzle 13 is structured to be
driven by an actuator 14 of a diaphragm type that operates
in response to a control pressure (or control negative pres-
sure). The control pressure 1s generated via a pressure
control valve 15 that 1s controlled by duty control.

[0024] Pressure control valve 15 1s controlled by a control
unit 16 as a control section. Namely, variable nozzle 13 of
turbocharger 10 1s controlled by control unit 16. Variable
nozzle 13 1s an exhaust adjustment mechanism structured to
adjust a quantity of exhaust gas that 1s to be brought into
exhaust turbine 12 of turbocharger 10, and thereby control a
boost pressure of internal combustion engine 1.

[0025] Control unit 16 1s a well-known digital computer
that includes a CPU, a ROM, a RAM, and an input and
output interface.

[0026] In intake passage 2, an intercooler 17 1s provided
downstream of throttle valve 6, wherein intercooler 17 1s
structured to cool 1intake air compressed (or pressurized) by
compressor 11, and thereby enhance efliciency of charging
of intake air.

[0027] Intercooler 17 1s arranged 1n an intercooler cooling
path (or auxiliary cooling path) 20 as well as a radiator (or
intercooler radiator) 18 and an electric pump 19. Intercooler
17 1s structured to be supplied with a coolant (cooling water)
cooled by radiator 18.

[0028] Intercooler cooling path 20 1s structured to allow
the coolant to circulate therein. Intercooler cooling path 20
1s independent from a main cooling path not shown where
cooling water circulates for cooling a cylinder block 21 of
internal combustion engine 1.

[0029] Radiator 18 1s structured to cool the coolant 1n
intercooler cooling path 20 by heat exchange with outside
air.
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[0030] FElectric pump 19 1s structured to be driven to allow
the coolant to circulate along an arrow A between radiator 18
and 1ntercooler 17.

[0031] Exhaust passage 3 1s connected to an exhaust
bypass passage 22 that bypasses the exhaust turbine 12 and
connects an upstream side of exhaust turbine 12 to a
downstream side of exhaust turbine 12. Exhaust bypass
passage 22 has a downstream end connected to a portion of
exhaust passage 3 upstream of upstream exhaust catalyst 7.
A wastegate valve 23 of an electronic type 1s placed in
exhaust bypass passage 22, and structured to control a flow
rate of exhaust gas in exhaust bypass passage 22. Wastegate
valve 23 1s structured to bypass a part of exhaust gas, which
1s to be brought into exhaust turbine 12, to the downstream
side of exhaust turbine 12, and thereby control the boost
pressure of internal combustion engine 1. Wastegate valve
23 has a valve openming controlled by control unit 16.

[0032] Internal combustion engine 1 includes an EGR
passage 24 branched from exhaust passage 3 and connected
to 1ntake passage 2, and 1s structured to perform exhaust gas
recirculation (EGR) to bring (recirculate) a part of exhaust
gas as an EGR gas from exhaust passage 3 into intake
passage 2. EGR passage 24 has a first end connected to a
portion of exhaust passage 3 between upstream exhaust
catalyst 7 and downstream exhaust catalyst 8, and a second
end connected to a portion of intake passage 2 downstream
of air flow meter 5 and upstream of compressor 11. In EGR
passage 24, an EGR valve 25 and an EGR cooler 26 are
provided, wherein EGR valve 25 1s of an electronic type and
1s structured to control the flow rate of EGR gas in EGR
passage 24, and wherein EGR cooler 26 1s structured to cool
the EGR gas. EGR valve 25 1s controlled by control unit 16
to open and close.

[0033] Control unit 16 1s configured to receive mput of
sensing signals from sensors, 1.e. air flow meter 5, a crank
angle sensor 27 for sensing a crank angle of a crankshatt not
shown, an accelerator opening sensor 28 for sensing a
quantity of depression of an accelerator pedal not shown, a
boost pressure sensor 29 for sensing an intake air pressure
downstream of compressor 11 (i.e. boost pressure), an air
fuel ratio sensor 30 for sensing an exhaust air fuel ratio
upstream of upstream exhaust catalyst 7, and an oxygen
sensor 31 for sensing an exhaust air fuel ratio downstream
of upstream exhaust catalyst 7.

[0034] Crank angle sensor 27 1s structured to sense an
engine speed of internal combustion engine 1.

[0035] Aur fuel ratio sensor 30 1s a wide range type air fuel
ratio sensor having a linear characteristic of output in
proportion to the exhaust air fuel ratio. Oxygen sensor 31 1s
a sensor structured to sense simply whether the air fuel ratio
1s rich or lean, wherein its output voltage varies 1in an on-off
manner 1n a narrow range 1n vicinity of a theoretical air fuel
ratio.

[0036] In response to a condition where an operating state
of internal combustion engine 1 varies and the intake air
quantity of internal combustion engine 1 1s to be varied, a
valve opening of throttle valve 6 1s controlled and one of
wastegate valve 23 and variable nozzle 13, which allows
thermal energy to be recovered efliciently as a work of boost
pressure under this condition, 1s operated with higher pri-
ority to the other. This serves to reduce a pumping loss, and
thereby enhance fuel efliciency of the internal combustion
engine.
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[0037] FIG. 2 1s a timing chart showing an example of
operation of wastegate valve 23 and variable nozzle 13 when
the i1ntake air quantity 1s to be increased along with an
increase 1n engine load (in load of internal combustion
engine 1). In FIG. 2, a solid line represents a characteristic
line Lw of the valve opening of wastegate valve 23, and a
broken line represents a characteristic line Ln of the nozzle
opening of variable nozzle 13.

[0038] When the engine load rises, and a target boost
pressure rises, and the intake air quantity 1s to be increased,
a valve opening reducing operation of wastegate valve 23 1s
performed with higher priority to a nozzle opening reducing
operation of variable nozzle 13. The target boost pressure 1s
set depending on the operating state of internal combustion
engine 1 1in this example.

[0039] Specifically, in the example of FIG. 2, at a time
instant t0, the engine load starts to rise, and the target boost
pressure starts to rise, and the intake air quantity of internal
combustion engine 1 starts to be increased. Accordingly, 1n
FIG. 2, at time instant t0, the valve opening reducing
operation of wastegate valve 23 1s started. Thereafter, 1n
FIG. 2, at a time instant t1 when wastegate valve 23 has been
brought 1n fully closed state, the nozzle opening reducing
operation of variable nozzle 13 1s started. The nozzle open-
ing reducing operation of variable nozzle 13 1s carried out 1n
case the boost pressure does not reach the target boost
pressure even when wastegate valve 23 1s 1n fully closed
state.

[0040] In FIG. 2, at time instant t0, the operating state
shifts from a non-boost region into a boost region. For
example, 1t 1s possible to determine whether internal com-
bustion engine 1 1s 1n the non-boost region or i1n the boost
region, based on the engine load and the engine speed. In
FIG. 2, until time instant t0, both of the valve opening of
wastegate valve 23 and the nozzle opening of variable
nozzle 13 are maximized (in fully opened state). In FIG. 2,
at a time 1nstant t2, the boost pressure becomes equal to the
target boost pressure, and the nozzle opening of variable
nozzle 13 1s minimized (1n fully closed state).

[0041] The valve opening reducing operation of wastegate
valve 23 1s an operation to change the valve opening of
wastegate valve 23 1n a closing direction from a current
state. The nozzle opening reducing operation of variable
nozzle 13 1s an operation to change the nozzle opening of
variable nozzle 13 i a reducing direction from a current
state.

[0042] FIG. 3 1s a flow chart showing a flow of control of
wastegate valve 23 and variable nozzle 13 when the intake
air quantity 1s to be increased along with an increase 1n the
engine load. The control of FIG. 3 1s performed by control
unit 16.

[0043] At Step S11, control unit 16 determines whether or
not the accelerator 1s i1n on-state. In this example, control
unit 16 determines that the accelerator 1s 1n on-state, in
response to a condition that a driver depresses the accelera-
tor pedal. When determining that the accelerator 1s in
on-state, control unit 16 then proceeds to Step S13. On the
other hand, when determining that the accelerator 1s not 1n
on-state, control unit 16 then terminates the present routine.

[0044] At Step S12, control unit 16 performs the valve
opening reducing operation of wastegate valve 23 so as to
increase the intake air quantity, and thereby conform the
boost pressure to the target boost pressure.
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[0045] At Step S13, control unit 16 determines whether or
not the intake air pressure downstream of compressor 11 (1.e.
the boost pressure) has risen up to the target boost pressure.
When determining that the boost pressure 1s lower than the
target boost pressure, control unit 16 then proceeds from
Step S13 to Step S14. When determining that the boost
pressure has become equal to the target boost pressure,
control unit 16 then terminates the valve opening reducing
operation of wastegate valve 23 (thereby maintains the valve
opening of wastegate valve 23 at the current state), and
terminates the present routine.

[0046] At Step S14, control unit 16 determines whether or
not wastegate valve 23 1s 1n fully closed state. When
determining that wastegate valve 23 1s not 1n fully closed
state, control unit 16 then proceeds to Step S12, and con-
tinues the valve opening reducing operation of wastegate
valve 23. When determining that wastegate valve 23 1s in
fully closed state, control unit 16 then proceeds to Step S15.
The valve opening of wastegate valve 23 may be 1dentified
by sensing with a sensor provided, or by estimation from
pressures of the upstream and downstream sides of waste-
gate valve 23.

[0047] At Step S15, control unit 16 performs the valve
opening reducing operation of wastegate valve 23 so as to
increase the intake air quantity, and thereby conform the
boost pressure to the target boost pressure. In this way, the
nozzle opening reducing operation of variable nozzle 13 1s
carried out 1n case the boost pressure does not reach the
target boost pressure even when wastegate valve 23 1s in
fully closed state.

[0048] At Step S16, control unit 16 determines whether or
not the intake air pressure downstream of compressor 11 (1.e.
the boost pressure) has risen up to the target boost pressure.
When determining that the boost pressure 1s lower than the
target boost pressure, control unit 16 then proceeds from
Step S16 to Step S17. When determining that the boost
pressure has become equal to the target boost pressure,
control unit 16 then terminates the nozzle opening reducing
operation of variable nozzle 13 (thereby maintains the
nozzle opening of variable nozzle 13 at the current state),
and terminates the present routine.

[0049] At Step S17, control unit 16 determines whether or
not the nozzle opening of variable nozzle 13 1s mimimized
(1in fully closed state). When determining that the nozzle
opening of variable nozzle 13 1s not minimized (in fully
closed state), control unit 16 then proceeds to Step S15, and
continues the nozzle opening reducing operation of variable
nozzle 13. When determining that the nozzle opening of
variable nozzle 13 1s mimmmized (in fully closed state),
control unit 16 then terminates the present routine. The
nozzle opening of variable nozzle 13 may be identified by
sensing with a sensor provided, or by estimation from the
pressures of the upstream and downstream sides of exhaust
turbine 12.

[0050] When wastegate valve 23 1s 1n closed state, thermal
energy can be efliciently recovered as a work of the boost
pressure than when wastegate valve 23 1s 1n opened state.
This 1s because even 11 the nozzle opening of variable nozzle
13 1s reduced 1n order to raise pressure energy when waste-
gate valve 23 1s 1n opened state, pressure 1s relieved via the
wastegate valve 23.

[0051] Accordingly, the feature of operating the wastegate
valve 23 with higher priority to variable nozzle 13 of
turbocharger 10 when the intake air quantity 1s to be
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increased due to an increase in the engine load, serves to
reduce the pumping loss, and thereby enhance the fuel
efliciency of internal combustion engine 1.

[0052] FIG. 4 1s a timing chart showing an example of
operation of wastegate valve 23 and variable nozzle 13 when
the intake air quantity 1s to be reduced along with a decrease
in the engine load. In FIG. 4, a solid line represents a
characteristic line Lw of the valve opening of wastegate
valve 23, and a broken line represents a characteristic line
Ln of the nozzle opening of variable nozzle 13.

[0053] When the engine load {falls, and the target boost
pressure falls, and the intake air quantity 1s to be reduced, a
nozzle opening increasing operation of variable nozzle 13 1s
performed with higher priority to a valve opening increasing
operation of wastegate valve 23.

[0054] Specifically, in the example of FIG. 4, at a time
instant t0, the engine load starts to fall, and the target boost
pressure starts to fall, and the intake air quantity of internal
combustion engine 1 starts to be reduced. Accordingly, 1n
FIG. 4, at time instant t0, the nozzle opening increasing
operation of variable nozzle 13 1s started. Thereafter, in FIG.
4, at a time 1nstant t1 when the nozzle opening of variable
nozzle 13 1s has been maximized (in 1n fully opened state),
the valve opening increasing operation of wastegate valve
23 1s started. The valve opening increasing operation of
wastegate valve 23 1s carried out 1n case the boost pressure
1s higher than the target boost pressure even when variable
nozzle 13 1s in fully opened state.

[0055] In FIG. 4, at time instant t0, both of the valve
opening of wastegate valve 23 and the nozzle opening of
variable nozzle 13 are minimized (in fully closed state). In
FIG. 4, at a time 1nstant {2, the boost pressure becomes equal
to the target boost pressure, and the valve opening of
wastegate valve 23 1s fully opened.

[0056] The valve opening increasing operation of waste-
gate valve 23 1s an operation to change the valve opening of
wastegate valve 23 1n an opening direction from a current
state. The nozzle opening increasing operation of variable
nozzle 13 1s an operation to change the nozzle opening of
variable nozzle 13 1n an increasing direction from a current
state.

[0057] FIG. S 1s a flow chart showing a flow of control of
wastegate valve 23 and variable nozzle 13 when the intake
air quantity 1s to be reduced along with a decrease in the
engine load. The control of FIG. § 1s performed by control
unit 16.

[0058] At Step S21, control unit 16 determines whether or
not the accelerator 1s 1n off-state. In this example, control
unit 16 determines that the accelerator i1s 1n off-state, in
response to a condition that a driver releases the accelerator
pedal. When determining that the accelerator 1s in ofi-state,
control unit 16 then proceeds to Step S22. On the other hand,
when determining that the accelerator 1s not 1n off-state,
control unit 16 then terminates the present routine.

[0059] At Step S22, control unit 16 performs the nozzle
opening increasing operation of variable nozzle 13 so as to
reduce the intake air quantity, and thereby conform the boost
pressure to the target boost pressure.

[0060] At Step S23, control unit 16 determines whether or
not the intake air pressure downstream of compressor 11 (1.e.
the boost pressure) has fallen down to the target boost
pressure. When determining that the boost pressure 1s higher
than the target boost pressure, control unit 16 then proceeds
from Step S23 to Step S24. When determining that the boost
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pressure has become equal to the target boost pressure,
control unit 16 then terminates the nozzle opening increas-
ing operation of variable nozzle 13 (thereby maintains the
nozzle opening of variable nozzle 13 at the current state),
and terminates the present routine.

[0061] At Step S24, control unit 16 determines whether or
not the nozzle opening of variable nozzle 13 1s maximized
(1in fully opened state). When determiming that the nozzle
opening ol variable nozzle 13 1s not maximized (in fully
opened state), control unit 16 then proceeds to Step S22, and
continues the nozzle opening increasing operation of vari-
able nozzle 13. When determining that the nozzle opening of
variable nozzle 13 1s maximized (in fully opened state),
control unit 16 then proceeds to Step S25.

[0062] At Step S25, control unit 16 performs the valve
opening increasing operation of wastegate valve 23 so as to
reduce the intake air quantity, and thereby conform the boost
pressure to the target boost pressure. In this way, the valve
opening increasing operation of wastegate valve 23 1s car-
ried out 1n case the boost pressure does not reach the target
boost pressure even when the nozzle opening of variable
nozzle 13 1s maximized (in fully opened state).

[0063] At Step S26, control unit 16 determines whether or
not the intake air pressure downstream of compressor 11 (1.e.
the boost pressure) has reached the target boost pressure.
When determining that the boost pressure 1s higher than the
target boost pressure, control unit 16 then proceeds from
Step S26 to Step S27. When determining that the boost
pressure has become equal to the target boost pressure,
control unit 16 then terminates the valve opening increasing
operation of wastegate valve 23 (thereby maintains the valve
opening ol wastegate valve 23 at the current state), and
terminates the present routine.

[0064] At Step S27, control unit 16 determines whether or
not wastegate valve 23 1s in fully opened state. When
determining that wastegate valve 23 1s not 1n fully opened
state, control unit 16 then proceeds to Step S25, and con-
tinues the valve opening increasing operation of wastegate
valve 23. When determining that wastegate valve 23 1s 1n
fully opened state, control unit 16 then terminates the
present routine.

[0065] When the nozzle opening of variable nozzle 13 1s
reduced to some extent, thermal energy cannot be recovered
elliciently as a work of the boost pressure.

[0066] Accordingly, the feature of operating the variable
nozzle 13 of turbocharger 10 with higher priority to waste-
gate valve 23 when the intake air quantity 1s to be reduced
due to a decrease 1n the engine load, serves to reduce the
pumping loss, and thereby enhance the fuel efliciency of
internal combustion engine 1.

[0067] FIG. 6 1s a timing chart showing an example of
operation of wastegate valve 23 and variable nozzle 13 when
the intake air quantity 1s to be increased so as to set the air
fuel ratio leaner. In FIG. 6, a solid line represents a char-
acteristic line Lw of the valve opening of wastegate valve
23, and a broken line represents a characteristic line Ln of
the nozzle opening of variable nozzle 13.

[0068] When the operating state of internal combustion
engine 1 varies and the intake air quantity 1s to be increased
so as to set the air fuel ratio leaner, the valve opening
reducing operation of wastegate valve 23 1s performed with
higher priority to the nozzle opening reducing operation of
variable nozzle 13.
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[0069] Specifically, in the example of FIG. 6, at a time
instant t0, a target air fuel ratio starts to become leaner, and
the intake air quantity of internal combustion engine 1 starts
to be increased. Accordingly, 1n FIG. 6, at time 1nstant t0, the
valve opening reducing operation of wastegate valve 23 1s
started. Thereafter, 1n FIG. 6, at a time instant t1 when
wastegate valve 23 has been brought in fully closed state, the
nozzle opening reducing operation of variable nozzle 13 1s
started. The nozzle opening reducing operation of variable
nozzle 13 1s carried out in case the air fuel ratio does not
reach the target air fuel ratio even when wastegate valve 23
1s 1n fully closed state. The air fuel ratio 1s estimated from
a sensed value acquired by air fuel ratio sensor 30 in this
example. The target air fuel ratio 1s set depending on the
operating state of internal combustion engine 1 1n this
example.

[0070] In FIG. 6, at time instant t0, both of the valve
opening of wastegate valve 23 and the nozzle opening of
variable nozzle 13 are maximized (1in fully opened state). In
FIG. 6, at a time 1nstant t2, the air fuel ratio becomes equal
to the target air fuel ratio, and the nozzle opening of variable
nozzle 13 1s minimized (1n fully closed state).

[0071] FIG. 7 1s a flow chart showing a flow of control of
wastegate valve 23 and variable nozzle 13 when the intake
air quantity 1s to be increased so as to set the air fuel ratio
leaner. The control of FIG. 7 1s performed by control unit 16.

[0072] At Step S31, control unit 16 determines whether or
not the target air fuel ratio 1s varied to be leaner. When
determining that the target air fuel ratio 1s varied to be leaner,
control unit 16 then proceeds to Step S32. On the other hand,
when determining that the target air fuel ratio 1s not varied
to be leaner, control unit 16 then terminates the present
routine.

[0073] At Step S32, control unit 16 performs the valve
opening reducing operation of wastegate valve 23 so as to
increase the intake air quantity, and thereby conform the air
tuel ratio to the target air fuel ratio.

[0074] At Step S33, control unit 16 determines whether or
not the air fuel ratio has reached the target air fuel ratio. In
other words, control unit 16 determines whether or not an
excess air ratio has reached a target value. When determin-
ing that the air fuel ratio has not reached the target air fuel
ratio, control unit 16 then proceeds from Step S33 to Step
S34. Namely, when determining that the excess air ratio has
not reached the target value, control unit 16 then proceeds
from Step S33 to Step S34. The excess air ratio 1s estimated
from a sensed value acquired by air fuel ratio sensor 30 1n
this example. When determining that the air fuel ratio has
reached the target air fuel ratio, control unit 16 then termi-
nates the valve opening reducing operation of wastegate
valve 23 (thereby maintains the valve opening of wastegate
valve 23 at the current state), and terminates the present
routine.

[0075] At Step S34, control unit 16 determines whether or
not wastegate valve 23 1s in fully closed state. When
determining that wastegate valve 23 1s not in fully closed
state, control unit 16 then proceeds to Step S32, and con-
tinues the valve opening reducing operation of wastegate
valve 23. When determining that wastegate valve 23 1s in
tully closed state, control unit 16 then proceeds to Step S35.
The valve opening of wastegate valve 23 may be 1dentified
by sensing with a sensor provided, or by estimation from
pressures of the upstream and downstream sides of waste-
gate valve 23.
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[0076] At Step S35, control unit 16 performs the valve
opening reducing operation of wastegate valve 23 so as to
increase the intake air quantity, and thereby conform the air
fuel ratio to the target air fuel ratio. In this way, the nozzle
opening reducing operation of variable nozzle 13 1s carried
out 1n case the air fuel ratio does not reach the target air fuel
ratio even when wastegate valve 23 1s 1n fully closed state.
[0077] At Step S36, control unit 16 determines whether or
not the air fuel ratio has reached the target air fuel ratio.
When determining that the air fuel ratio has not reached the
target air fuel ratio, control unit 16 then proceeds from Step
S36 to Step S37. Namely, when determining that the excess
air rat1o has not reached the target value, control unit 16 then
proceeds from Step S36 to Step S37. When determining that
the air fuel ratio has reached the target air tuel ratio, control
unit 16 then terminates the nozzle opening reducing opera-
tion of variable nozzle 13 (thereby maintains the nozzle
opening ol variable nozzle 13 at the current state), and
terminates the present routine.

[0078] At Step S37, control unit 16 determines whether or
not the nozzle opening of variable nozzle 13 1s mimimized
(1in fully closed state). When determining that the nozzle
opening of variable nozzle 13 1s not minimized (in fully
closed state), control unit 16 then proceeds to Step S35, and
continues the nozzle opening reducing operation of variable
nozzle 13. When determining that the nozzle opeming of
variable nozzle 13 1s mimmized (in fully closed state),
control unit 16 then terminates the present routine. The
nozzle opening of variable nozzle 13 may be identified by
sensing with a sensor provided, or by estimation from the
pressures of the upstream and downstream sides of exhaust
turbine 12.

[0079] When wastegate valve 23 1s 1n closed state, thermal
energy can be efliciently recovered as a work of the air fuel
ratio than when wastegate valve 23 1s in opened state. This
1s because even 1f the nozzle opening of variable nozzle 13
1s reduced 1n order to raise pressure energy when wastegate
valve 23 1s 1n opened state, pressure 1s relieved via the
wastegate valve 23.

[0080] Accordingly, the feature of operating the wastegate
valve 23 with higher priority to varniable nozzle 13 of
turbocharger 10 when the intake air quantity 1s to be
increased so as to set the air fuel ratio leaner, serves to
reduce the pumping loss, and thereby enhance the fuel
efliciency of internal combustion engine 1.

[0081] FIG. 8 1s a timing chart showing an example of
operation of wastegate valve 23 and variable nozzle 13 when
the itake air quantity 1s to be reduced so as to set the air fuel
ratio richer. In FIG. 8, a solid line represents a characteristic
line Lw of the valve opening of wastegate valve 23, and a
broken line represents a characteristic line Ln of the nozzle
opening of variable nozzle 13.

[0082] When the operating state of internal combustion
engine 1 varies and the intake air quantity 1s to be reduced
so as to set the air fuel ratio richer, the nozzle opening
increasing operation of variable nozzle 13 1s performed with
higher priority to the valve opening increasing operation of
wastegate valve 23.

[0083] Specifically, in the example of FIG. 8, at a time
instant t0, the target air fuel ratio starts to become richer, and
the 1intake air quantity of internal combustion engine 1 starts
to be reduced. Accordingly, 1n FIG. 8, at time 1nstant t0, the
nozzle opening increasing operation of variable nozzle 13 1s
started. Thereafter, in FIG. 8, at a time instant t1 when the
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nozzle opening of variable nozzle 13 1s has been maximized
(in 1n fully opened state), the valve opening increasing
operation of wastegate valve 23 1s started. The valve open-
Ing increasing operation of wastegate valve 23 1s carried out
in case the air fuel ratio does not reach the target air fuel ratio
even when the nozzle opening of variable nozzle 13 1is
maximized (1n fully opened state).

[0084] In FIG. 8, at time instant t0, both of the valve
opening of wastegate valve 23 and the nozzle opening of
variable nozzle 13 are mimimized (in fully closed state). In
FIG. 8, at a time 1nstant t2, the air fuel ratio becomes equal
to the target air fuel ratio, and the valve opening of wastegate
valve 23 1s 1n fully opened state.

[0085] FIG. 9 1s a flow chart showing a tflow of control of
wastegate valve 23 and variable nozzle 13 when the intake
air quantity 1s to be reduced so as to set the air fuel ratio
richer. The control of FIG. 9 1s performed by control unit 16.
[0086] At Step S41, control unit 16 determines whether or
not the target air fuel ratio 1s varied to be richer. When
determining that the target air fuel ratio 1s varied to be richer,
control unit 16 then proceeds to Step S42. On the other hand,
when determining that the target air fuel ratio 1s not varied
to be richer, control unit 16 then terminates the present
routine.

[0087] At Step S42, control unit 16 performs the nozzle
opening increasing operation of variable nozzle 13 so as to
reduce the intake air quantity, and thereby conform the air
tuel ratio to the target air fuel ratio.

[0088] At Step S43, control unit 16 determines whether or
not the air fuel ratio has reached the target air fuel ratio.
When determining that the air fuel ratio has not reached the
target air fuel ratio, control unit 16 then proceeds from Step
S43 to Step S44. Namely, when determining that the excess
air ratio has not reached the target value, control unit 16 then
proceeds from Step S43 to Step S44. When determining that
the air fuel ratio has reached the target air fuel ratio, control
unit 16 then terminates the nozzle opening increasing opera-
tion of variable nozzle 13 (thereby maintains the nozzle
opening of variable nozzle 13 at the current state), and
terminates the present routine.

[0089] At Step S44, control unit 16 determines whether or
not the nozzle opening of variable nozzle 13 1s maximized
(in fully opened state). When determining that the nozzle
opening ol variable nozzle 13 1s not maximized (in fully
opened state), control unit 16 then proceeds to Step S42, and
continues the nozzle opening increasing operation of vari-
able nozzle 13. When determining that the nozzle opening of
variable nozzle 13 1s maximized (in fully opened state),
control unit 16 then proceeds to Step S45.

[0090] At Step S45, control unit 16 performs the valve
opening increasing operation of wastegate valve 23 so as to
reduce the intake air quantity, and thereby conform the air
fuel ratio to the target air fuel ratio. In this way, the valve
opening increasing operation of wastegate valve 23 1s car-
ried out 1n case the air fuel ratio does not reach the target air
fuel ratio even when the nozzle opening of variable nozzle
13 1s maximized (in fully opened state).

[0091] At Step S46, control unit 16 determines whether or
not the air fuel ratio has reached the target air fuel ratio.
When determining that the air fuel ratio has not reached the
target air fuel ratio, control unit 16 then proceeds from Step
S46 to Step S47. Namely, when determining that the excess
air ratio has not reached the target value, control unit 16 then
proceeds from Step S46 to Step S47. When determining that
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the air fuel ratio has reached the target air fuel ratio, control
unit 16 then terminates the valve opening increasing opera-
tion of wastegate valve 23 (thereby maintains the valve
opening ol wastegate valve 23 at the current state), and
terminates the present routine.

[0092] At Step S47, control unit 16 determines whether or
not wastegate valve 23 1s in fully opened state. When
determining that wastegate valve 23 1s not 1n fully opened
state, control unit 16 then proceeds to Step S45, and con-
tinues the valve opening increasing operation of wastegate
valve 23. When determining that wastegate valve 23 1s in
fully opened state, control unit 16 then terminates the
present routine.

[0093] When the nozzle opening of variable nozzle 13 1s
reduced to some extent, thermal energy cannot be recovered
efliciently as a work of the boost pressure.

[0094] Accordingly, the feature of operating the variable
nozzle 13 of turbocharger 10 with higher priority to waste-
gate valve 23 when the intake air quantity 1s to be reduced
so as to set the air fuel ratio richer, serves to reduce the
pumping loss, and thereby enhance the fuel efliciency of
internal combustion engine 1.

[0095] The configuration according to the present embodi-
ment that the quantity of exhaust gas brought into exhaust
turbine 12 can be adjusted by variable nozzle 13, may be
modified such that the exhaust adjustment mechanism 1s not
implemented by variable nozzle 13 but implemented by
providing a flow rate control valve structured to vary a
cross-sectional area of a path upstream of exhaust turbine 12
(flow path cross-sectional area).

1. An mternal combustion engine control method for an
internal combustion engine,

the internal combustion engine including:
a turbocharger including:
a compressor disposed 1n an intake passage; and
an exhaust turbine disposed 1n an exhaust passage;

a wastegate valve structured to allow a part of exhaust
gas to bypass the exhaust turbine and flow into a
downstream side of the exhaust turbine, wherein the
exhaust gas 1s to be brought 1nto the exhaust turbine;
and

an exhaust adjustment mechanism structured to adjust
a quanfity of the exhaust gas;

the internal combustion engine control method compris-
ng:
operating a first one of the wastegate valve and the
exhaust adjustment mechanism with higher priority
to a second one of the wastegate valve and the
exhaust adjustment mechanism 1n response to a
condition where an 1ntake air quantity 1s to be varied
along with a variation 1n engine load or air fuel ratio,
wherein operation of the first one allows thermal
energy to be recovered more efliciently under the
condition than that of the second one.

2. The internal combustion engine control method as
claimed 1n claim 1, comprising:
performing a valve opening reducing operation of the
wastegate valve with higher priority to operation of the
exhaust adjustment mechanism, in response to a con-

dition where the 1ntake air quantity 1s to be increased
along with an increase in engine load.

3. The internal combustion engine control method as
claimed 1n claim 2, comprising:
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starting to perform an opening reducing operation of the
exhaust adjustment mechanism after the wastegate
valve 1s brought into fully-closed state 1n response to a
condition where the intake air quantity 1s to be
increased along with an increase 1n engine load.
4. The internal combustion engine control method as
claimed 1n claim 1, comprising:
performing an opening increasing operation of the
exhaust adjustment mechanism with higher priority to
operation of the wastegate valve, 1n response to a
condition where the 1ntake air quantity 1s to be reduced
along with a decrease in engine load.
5. The internal combustion engine control method as
claimed 1n claim 4, comprising:
starting to perform a valve opening increasing operation
of the wastegate valve after the exhaust adjustment
mechanism 1s brought into fully-opened state in
response to a condition where the intake air quantity 1s
to be reduced along with a decrease 1n engine load.
6. The internal combustion engine control method as
claimed 1n claim 1, comprising:
performing a valve opening reducing operation of the
wastegate valve with higher priority to operation of the
exhaust adjustment mechanism, in response to a con-
dition where the intake air quantity 1s to be increased so
as to set an air fuel ratio learner.
7. The internal combustion engine control method as
claimed 1n claim 6, comprising:
starting to perform an opening reducing operation of the
exhaust adjustment mechanism after the wastegate
valve 1s brought into fully-closed state 1n response to a
condition where the intake air quantity 1s to be
increased so as to set the air fuel ratio learner.
8. The internal combustion engine control method as
claimed 1n claim 1, comprising:
performing an opening increasing operation of the
exhaust adjustment mechanism with higher priority to
operation of the wastegate valve, 1n response to a
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condition where the intake air quantity 1s to be reduced
so as to set an air fuel ratio richer.

9. The internal combustion engine control method as
claimed 1n claim 8, comprising:
starting to perform a valve opening increasing operation
of the wastegate valve after the exhaust adjustment
mechanism 1s brought into fully-opened state in

response to a condition where the intake air quantity 1s
to be 1ncreased so as to set the air fuel ratio richer.

10. An mnternal combustion engine control device for an
internal combustion engine,

the internal combustion engine including:
a turbocharger including;:
a compressor disposed 1n an intake passage; and
an exhaust turbine disposed 1n an exhaust passage;

a wastegate valve structured to allow a part of exhaust
gas t0o bypass the exhaust turbine and flow 1nto a
downstream side of the exhaust turbine, wherein the
exhaust gas 1s to be brought into the exhaust turbine;
and

an exhaust adjustment mechanism structured to adjust
a quantity of the exhaust gas;

the internal combustion engine control device compris-
ng:

a control section configured to operate a first one of the
wastegate valve and the exhaust adjustment mecha-
nism with higher priority to a second one of the
wastegate valve and the exhaust adjustment mecha-
nism 1n response to a condition where an 1ntake air
quantity 1s to be varied along with a variation in
engine load or air fuel ratio, wherein operation of the
first one allows thermal energy to be recovered more
elliciently under the condition than that of the second
one.
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