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(57) ABSTRACT

A plurality of changing mechanisms change the manner in
which intake air 1s supplied to an iternal combustion
engine. A control unit executes a cooperative control 1n
which, based on the driving state of one of a variable vale
lift mechanism and at least one of the other changing
mechanisms other than the variable valve lift mechanism,
the driving state of the other one of the variable valve lift
mechanism and the at least one of the changing mechanisms
1s controlled. A determining unit determines whether the
operational response of the changing mechanisms 1s
decreased. A restricting unit restricts the cooperative control
when the determining unit determines that the operational
response of at least one of the changing mechanisms 1s
decreased. Therefore, disadvantages caused by reduction 1n
the operational response of the changing mechanisms are
reduced.

~ec2 _I

(51) Int. CL
FolL 1/34 (2006.01)
—_— |
e~ ___
30— Electironic

31,OJ—FTL"‘

32— ' |
33—

14

Control Unit Intake Variable Valve |
____F;1 . Ljft_ﬂfchanism 23
Intake Variable Valver Exhaust Variable Valve

l Timing Mechanism — Timing Mechanism

I AN

L - - i

——57—




o

US 2006/0169231 Al

| Z
WS | UeYyda BUIW(]
9A1BA 9)Qe|JeA B)RIU]

WS |UuBYIB BUIWI]|
9A1BA ©)1QR|JEp 1SNBRYUX3

te US| UBYODY |47

9A B\ 8]Qe|JBA BYRJU]
2

Patent Application Publication Aug. 3,2006 Sheet 1 of 3

S|

o

d
11un 1043u0)
01U0J4108)3

(O)—ck

0€

| €



Patent Application Publication Aug. 3, 2006 Sheet 2 of 3 US 2006/0169231 Al

Fig.2A - Intake Variable Valve

Timing Mechanism

Exhaust Valve lhtake Valve

Lift

Fi1g.2B - exhaust variable Valve

‘Timing Mechanism

Exhaust Valve [ntake Valve

L1 fi

Crank Angle

Fig.zc Exhaust Variable Valve

Lift Mechanisnm

Exhaust Valve Intake Valve

Lift




Patent Application Publication Aug. 3, 2006 Sheet 3 of 3 US 2006/0169231 Al

Fig.3

S100

ls operational
response of
Intake variable valve

timing mechanisnm
reduced?

NO

YES si10 5120

Maximum Lift-Max Cooperative control




US 2006/0169231 Al

INTAKE AIR AMOUNT CONTROL APPARATUS
AND INTAKE AIR AMOUNT CONTROL METHOD
FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an intake air
amount control apparatus for an internal combustion engine
that 1s equipped with changing mechanisms that change the
manner i which intake air 1s supplied to the internal
combustion engine. The present invention also pertains to an
intake air amount control method for the internal combus-

tion engine.

[0002] In the internal combustion engine, the intake air
amount 1s generally regulated by selectively opening and
closing a throttle valve and 1s controlled 1n accordance with
the operating state of the engine. Also known 1s an intake air
amount control apparatus that changes the valve timing of
intake valves (also the valve timing of exhaust valves 1n
some cases) 1n addition to the throttle valve (for example,
Japanese Laid-Open Patent Publication No. 2003-314308).
An ternal combustion engine has also been proposed that
1s equipped with a variable valve lift mechanism that
changes the maximum lift of the intake valves in accordance
with the operating state of the engine (for example, Japanese
Laid-Open Patent Publication No. 2001-263015). As
described above, the opening degree of the throttle valve 1s
kept as large as possible by changing the maximum lift of
the intake valves so that a pumping loss caused when
decreasing the opening degree of the throttle valve 1s sup-
pressed as much as possible.

[0003] Inthe intake air amount control apparatus equipped
with the vaniable valve lift mechanism, a cooperative control
1s performed. In the cooperative control, the variable valve
l1ift mechanism 1s controlled 1n accordance with the driving
state of other changing mechanisms such as a variable valve
timing mechanism that changes the valve timing and a
throttle valve. Alternatively, other changing mechanisms are
controlled in accordance with the driving state of the vari-
able valve lift mechanism. Performing the cooperative con-
trol enables to integrally control the changing mechanisms,
which permits the intake air amount to be further precisely
controlled.

10004] However, with the intake air amount control appa-
ratus that executes such a cooperative control, the following,
disadvantages may occur. That 1s, when the operational
response ol a changing mechamism other than the variable
valve lift mechanism 1s reduced for some reason, the vari-
able valve lift mechanism may be driven assuming that the
operational response has not been reduced, or the variable
valve lift mechanism may be driven in accordance with the
reduction of the operational response, which may cause the
maximum lift of the intake valves to be undesirably set to
too small a value or too large a value. Moreover, when the
operational response of the variable valve lift mechanism 1s
reduced, a control target value (for example, the throttle
opening degree and the valve timing) of other changing
mechanism may be set to too small a value or too large a
value 1n the same manner. In particular, when the maximum
l1ft of the intake valves 1s set to too small a value, the engine
output 1s significantly decreased and a stall occurs, thus
hindering stable operation of the engine.
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SUMMARY OF THE INVENTION

[0005] Accordingly, it is an objective of the present inven-
tion to provide an intake air amount control apparatus of an
internal combustion engine that 1s equipped with changing
mechanisms that change the manner 1n which intake air 1s
supplied to the internal combustion engine, and to reduce
disadvantages caused by reduction i1n the operational
response of the changing mechanisms such as decrease in
the engine output and occurrence of a stall. A further aspect
of the present invention 1s to provide an intake air amount
control method for the internal combustion engine.

[0006] To achieve the above-mentioned objective, the
present invention provides an intake air amount control
apparatus for an internal combustion engine equipped with
an intake valve. The apparatus includes a plurality of chang-
ing mechanisms that change the manner in which intake air
1s supplied to the internal combustion engine. The changing
mechanisms include a variable valve lift mechanism, which
changes the maximum lift of the intake valve. A control unit
executes a cooperative control in which, based on the
driving state of one of the variable vale liit mechanism and
at least one of the other changing mechanisms other than the
variable valve lift mechanism, the driving state of the other
one of the variable valve lift mechamism and the at least one
of the changing mechanisms i1s controlled. A determining
umt determines whether the operational response of the
changing mechanisms 1s decreased. A restricting unit
restricts the cooperative control when the determining unit
determines that the operational response of at least one of the
changing mechanisms 1s decreased.

[0007] Further, the present invention provides an intake air
amount control method for an internal combustion engine
equipped with an intake valve. The method includes chang-
ing the manner in which intake air 1s supplied to the internal
combustion engine using a plurality of changing mecha-
nisms. The changing mechanisms include a variable valve
lift mechanism, which changes the maximum lift of the
intake valve. A cooperative control 1s executed. In which
control, based on the driving state of one of the variable vale
lift mechanism and at least one of the other changing
mechanisms other than the variable valve lift mechanism,
the driving state of the other one of the variable valve lift
mechanism and the at least one of the changing mechanisms
1s controlled. The method further includes: determining
whether the operational response of the changing mecha-
nisms 1S decreased; and restricting the cooperative control
when it 1s determined that the operational response of at least
one of the changing mechanisms 1s decreased.

[0008] Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way ol example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention, together with objects and advan-
tages therecof, may best be understood by reference to the
following description of the presently preferred embodi-
ments together with the accompanying drawings 1n which:

10010] FIG. 1 is a schematic diagram illustrating a control
system of an internal combustion engine according to one
embodiment of the present invention;
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[0011] FIG. 2A 1s a diagram 1illustrating valve actuation of
changed by an intake variable valve timing mechanism
according to the preferred embodiment;

[0012] FIG. 2B is a diagram illustrating valve actuation
changed by an exhaust variable valve timing mechanism
according to the preferred embodiment;

[0013] FIG. 2C 1s a diagram illustrating valve actuation
changed by an intake variable valve lift mechanism accord-
ing to the preferred embodiment; and

10014] FIG. 3 is a flowchart of a control for suppressing
the maximum lift of the intake valve from being set to too
small a value.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

[0015] One embodiment of the present invention will now
be described with reference to FIGS. 1 to 3.

10016] FIG. 1 shows a schematic configuration of a
vehicle internal combustion engine 10 according to the
preferred embodiment. As shown i FIG. 1, the internal
combustion engine 10 1s generally configured by an intake
passage 11, combustion chambers 12 (only one 1s shown),
and an exhaust passage 13.

[0017] Specifically, the engine 10 also has cylinders, in
cach of which one of the combustion chambers 12 1s defined.
The engine 10 also has fuel 1injection valves, 1gnition plugs,
intake valves 16, and exhaust valves 17, each corresponding
to one of the combustion chambers 12. In the following, only
one set of a combustion chamber 12, an 1njection valve, an
ignition plug, an intake valve 16, and an exhaust valve 17
will mainly be discussed as representing all the combustion
chambers 12, the injection valves, the i1gnition plugs, the
intake valves 16, and the exhaust valves 17.

[0018] The intake passage 11 of the internal combustion
engine 10 1s provided with an air flow meter 14, which
detects the air flow rate inside the intake passage 11, and a
throttle opening degree changing mechanism (throttle valve
mechanism) 15, which changes the flow passage area inside
the intake passage 11 to change the amount of the intake air
supplied therethrough. The intake passage 11 1s connected to
the combustion chamber 12 via the intake valve 16. The

combustion chamber 12 1s connected to the exhaust passage
13 via the exhaust valve 17. The intake valve 16 and the

exhaust valve 17 are driven in accordance with the rotation
of the mternal combustion engine 10, and selectively open
and close the intake passage 11 and the exhaust passage 13
with respect to the combustion chamber 12.

[0019] Air 1s drawn into the combustion chamber 12
through the intake passage 11. The air and tuel injected from
the fuel 1njection valve, which 1s not shown, form an air-fuel
mixture. When the air-fuel mixture 1s 1ignited by the ignition
plug, which 1s also not shown, the air-fuel mixture 1s burned.
This causes a piston 19 to reciprocate, thereby rotating an
engine output shaft, which i1s a crankshaft. The burned
air-fuel mixture 1s then sent from the combustion chamber
12 to the exhaust passage 13 as an exhaust gas.

[0020] A valve operating system of the intake valve 16 of
the internal combustion engine 10 1s provided with an intake
variable valve timing mechanism 21 and an intake variable
valve lift mechanism 22 for the intake valve 16. A valve
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operating system of the exhaust valve 17 1s also provided
with an exhaust variable valve timing mechanism 23 for the
exhaust valve 17.

[0021] The intake variable valve timing mechanism 21 of
the intake valve 16 1s configured to continuously change the
center of the operation angle of the intake valve 16 (that 1s,
the center of the angle of action of a cam that drives the
intake valve 16) ¢in as shown in FIG. 2A. The iternal
combustion engine 10 employs, as the intake varniable valve
timing mechanism 21, a mechanism that changes the relative
rotational phase of the intake camshaft with respect to the
crankshaft to change the center of the operation angle ¢in.

[0022] The intake variable valve timing mechanism 21 is
driven by the pressure of hydraulic o1l supplied from a
hydraulic pump of the internal combustion engine 10. The
hydraulic pump i1s driven by the crankshaft.

[10023] The exhaust variable valve timing mechanism 23
of the exhaust valve 17 1s configured to continuously change
the center of the operation angle of the exhaust valve 17 (that
1s, the center of the angle of action of a cam that drives the
exhaust valve 17) ¢ex as shown i FIG. 2B. The iternal
combustion engine 10 employs, as the exhaust variable
valve timing mechanism 23, a mechanism for changing the
relative rotational phase of the exhaust camshaft with
respect to the crankshait to change the center of the opera-
tion angle ¢ex.

[0024] The intake variable valve lift mechanism 22 is
driven by the pressure of the hydraulic o1l supplied from the
hydraulic pump of the internal combustion engine 10 driven
by the crankshait in the same manner as described above.

[0025] Meanwhile, the intake variable valve lift mecha-
nism 22 1s configured to continuously change the maximum
lift L and the operation angle 0 of the intake valve 16 as
shown 1n FIG. 2C. As shown 1in FIG. 2C, the intake variable
valve lift mechanism 22 selectively increases and decreases
the maximum lift L of the intake valve 16 1n accordance with
the increase and decrease of the operation angle 0. For
example, when the maximum lift L 1s at the maximum value
(MAX) within the changeable range, the operation angle 0O
1s also at the maximum value within the changeable range,
whereas when the maximum lift LL 1s at the minimum value
(substantially “0” in this embodiment), the operation angle
0 1s also at the minimum value (substantially “0” 1n this
embodiment).

[0026] The intake variable valve lift mechanism 22 is
driven by an electric motor exclusively provided for the
mechanism 22. The electric motor 1s driven by power
supplied from a vehicle-mounted battery.

[0027] Various types of controls such as a fuel injection
control and an ignition timing control of the internal com-
bustion engine 10 configured as described above are per-
formed by an electronic control unit 30. The electronic
control unit 30 includes a central processing unit (CPU),
which executes various types ol computation processes
related to control of the internal combustion engine 10, a
read only memory (ROM), which stores programs and data
for the control, a random access memory, which stores the
computation results of the CPU and data input from sensors,
and mput/output ports, which communicate signals with
external devices.
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10028] The input port of the electronic control unit 30 i1s
connected to, 1n addition to the air flow meter 14, a throttle
sensor of the throttle opening degree changing mechanism
15, valve timing sensors of the variable valve timing mecha-
nisms 21, 23, and a maximum lift sensor of the intake
variable valve lift mechanism 22. The throttle sensor detects
the throttle opeming degree of the throttle opening degree
changing mechanism 15. The valve timing sensor of the
intake variable valve timing mechanism 21 detects the
center of the operation angle ¢in of the intake valve 16, and
the valve timing sensor of the exhaust variable valve timing
mechanism 23 detects the center of the operation angle ¢gex
ol the exhaust valve 17. The maximum liit sensor detects the
maximum lift L. of the intake valve 16.

[10029] Furthermore, the input port 1s connected to a gas
pedal position sensor 31, a crank angle sensor 32, and a
coolant temperature sensor 33. The gas pedal position sensor
31 detects the depression amount of a gas pedal, and the
crank angle sensor 32 detects the rotation speed of the
crankshaft, or the engine rotation speed. The coolant tem-
perature sensor 33 detects the coolant temperature of the
internal combustion engine 10 (engine coolant temperature).
In addition, the mput port 1s connected to various types of
sensors for detecting the operating condition of the internal
combustion engine 10 and the running condition of the
vehicle.

[0030] The output port of the electronic control unit 30 is
connected to various types of actuators used for controlling
the internal combustion engine 10 such as the throttle
opening degree changing mechanism 15, the variable valve
timing mechanisms 21, 23, and the intake variable valve lift
mechanism 22. The electronic control unit 30 performs
various types of controls of the internal combustion engine
10 by controlling the actuators based on the detection results
from the various types of sensors.

10031] In the preferred embodiment, when controlling the
properties that have ifluences on the intake air amount (the
amount of air (new air) drawn into the combustion chamber
12) such as the center of the operation angle ¢in, ¢pex, the
maximum lift L, and the throttle opening degree, the elec-
tronic control unit 30 cooperatively controls the driving state
of the changing mechanisms 15, 21, 22, 23 for changing the
properties.

[0032] One example of the cooperative control will be
described below.

[0033] First, the electronic control unit 30 temporarily
computes the target values of the center of the operation
angle ¢in, pex of the itake/exhaust valves 16, 17 and the
maximum lift L of the intake valve 16 that are appropnate
for the operating state of the engine based on, for example,
the computed target value of the intake air amount (the target
intake air amount) and the engine rotation speed. Hereinat-
ter, the temporarily computed target values are referred to as
“temporary target values™.

[0034] The target intake air amount is computed with
reference to, for example, the depression amount of the gas
pedal detected by the gas pedal position sensor 31, and the
engine rotation speed 1s detected by the crank angle sensor

32.

10035] In the preferred embodiment, the electronic control
unit 30 adopts the temporary target values of the center of
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the operation angle ¢in, ¢pex for the varniable valve timing
mechanisms 21, 23 as the final target values (the control
target values of the variable valve timing mechanisms 21,
23). Meanwhile, the intake variable valve lift mechanism 22
does not adopt the temporary target value of the maximum
l1ft L as the final target value (the control target value of the
intake variable valve lift mechanism 22), but the driving
state of the intake variable valve timing mechanism 21, that
1s, the actual value of the center of the operation angle ¢in
in this embodiment 1s reflected 1n determining the control
target value.

[0036] More specifically, when determining the control
target value of the intake variable valve lift mechanism 22,
the electronic control unit 30 corrects the temporary target
value of the maximum lift L by a predetermined correction
amount corresponding to the actual value of the center of the
operation angle ¢in. The value obtained after the correction
1s adopted as the control target value of the intake variable
valve lift mechamism 22. As described above, the driving
state of the intake variable valve timing mechanism 21 1s
reflected in determiming the control target value of the intake
variable valve lift mechanism 22 in this embodiment.

[0037] The electronic control unit 30 feedback controls the
changing mechanisms 21, 22, 23 such that the actual values
of the centers of the operation angles ¢in, ¢ex of the
intake/exhaust valves 16, 17 and the maximum lift L of the
intake valve 16 detected by the valve timing sensors and the
maximum lift sensor match with the above determined
control target values. In this manner, optimal valve actua-
tions of the intake/exhaust valves 16, 17 are obtained in
accordance with the operating state of the engine.

[0038] With the intake air amount control apparatus that
executes the cooperative control, there has been a risk that
the following disadvantages could occur. That 1s, when the
operational response of the intake variable valve timing
mechanism 21 of the intake valve 16 1s reduced for some
reason, the intake variable valve lift mechanism 22 may be
driven assuming that the operational response has not been
reduced, or the intake variable valve lift mechanism 22 may
be driven 1n accordance with the reduction of the operational
response, which may cause the maximum lift L of the mtake
valve 16 to be undesirably set to too small a value or too
large a value. In particular, 1n a case where the maximum lift
[, of the intake valve 16 1s set to too small a value, even 1f
the throttle opening degree 1s maximized, deficiency of the
intake air amount 1s not eliminated and the engine output 1s
significantly decreased causing a stall, which hinders stable
engine operation.

[10039] In the preferred embodiment, to avoid such prob-
lems as much as possible, the electronic control unit 30
controls the intake varniable valve lift mechanism 22 difler-
ently when the operational response i1s determined to be
reduced from when the operational response 1s not deter-
mined to be reduced.

[0040] The control procedure executed by the electronic
control umt 30 will be described with reference to the
flowchart of FIG. 3. The control routine shown 1n the
flowchart 1s executed as an interrupt by the electronic
control unit 30, for example, at predetermined time inter-
vals.

[0041] In this control routine, the electronic control unit
30 first determines whether the operational response of the
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intake variable valve timing mechanism 21 of the intake
valve 16 1s reduced (step S100). In this process, for example,
when there 1s divergence that 1s greater than or equal to a
predetermined value between the computed control target
value of the intake variable valve timing mechamism 21 and
the actual value of the center of the operation angle ¢in of
the mechanism 21, and the divergence continues to exist for
a predetermined time period, the operational response 1s
determined to be reduced.

[0042] When the determination result is negative, that is,
when 1t 1s determined that the operational response 1s not
reduced, the cooperative control 1s continued (step S120).
Meanwhile, when the determination result 1s positive, that
1s, when 1t 1s determined that the operational response 1s
reduced, the cooperative control 1s prohibited and the con-
trol target value of the intake variable valve lift mechamism
22 1s fixed to the maximum value (MAX) within the
changeable range of the maximum lift L (step S110). That 1s,
when it 1s determined that the operational response of the
intake variable valve timing mechanism 21 is reduced, the
driving state of the intake variable valve lift mechanism 22
1s independently controlled. In other words, the cooperative
control 1s restricted.

[0043] The intake variable valve lift mechanism 22 is then
driven to match the actual value of the maximum lift L. with

the control target value fixed to the maximum value.

[0044] As described above, fixing the control target value
of the intake variable valve lift mechanism 22 to the maxi-
mum value prevents the intake variable valve lift mechanism
22 from setting the maximum lift L. of the intake valve 16 to
too small a value 1in a suitable manner. Therefore, the
deficiency of the intake air amount caused by setting the
maximum lift [ to too small a value, and decrease of the
engine output and occurrence of a stall caused by the
deficiency of the intake air amount are prevented in a
suitable manner.

[10045] In the preferred embodiment, the electronic control
unit 30 configures determining unit for determining whether
the operational response of the intake variable valve timing,
mechanism 21 of the intake valve 16 1s reduced, and
restricting unit for restricting the cooperative control when
the determining unit determines that the operational
response of the changing mechamism 21 1s reduced.

10046] The preferred embodiment has the following
advantages.

10047] (1) In the preferred embodiment, when the opera-
tional response of the intake variable valve timing mecha-
nism 21 1s determined to be reduced, the cooperative control
1s restricted, that 1s, when retlecting the driving state of the
changing mechanism 21 to the driving state of the intake
variable valve lift mechanism 22, the degree of reflection 1s
limited. In other words, the dniving state of the intake
variable valve lift mechanism 22 1s more independently
controlled. Therefore, even 1n a circumstance where the
intake air amount necessary lor maintaining the engine
operation may not be secured due to the reduction of the
operational response of the intake variable valve timing
mechanism 21, the deficiency of the intake air amount
caused because of the intake variable valve lift mechanism
22 setting the maximum lift L of the intake valve 16 to too
to small a value 1s suppressed. This further suppresses
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decrease of the engine output and occurrence of a stall
caused due to the deficiency of the intake air amount.

[0048] (2) For example, when the operational response of
the intake vanable valve timing mechanism 21 1s reduced,
the valve overlap amount (the length of period during which
the intake/exhaust valves 16, 17 are both open) becomes
excessive causing an internal EGR amount to become exces-
sive. As a result, the intake air amount necessary for main-
taining the engine operation may not be secured. In this
respect, since the cooperative control 1s restricted 1 accor-
dance with the operational response of the intake variable
valve timing mechanism 21 1n the preferred embodiment, in
this case also, the intake variable valve lift mechanism 22 1s
prevented from setting the maximum lift L of the imtake
valve 16 to too small a value. Theretfore, deficiency of the
intake air amount, and decrease of the engine output and
occurrence of a stall caused by the deficiency of the intake
alr amount are suppressed.

10049] (3) The restriction of the cooperative control is
executed by prohibiting the cooperative control and inde-
pendently controlling the driving state of the intake variable
valve lift mechanism 22. That 1s, at this time, the degree of
reflection of the driving state of the intake variable valve
timing mechanism 21 on the intake variable valve lhift
mechanism 22 becomes “0”. Therefore, the deficiency of the
intake air amount caused when the intake variable valve lift
mechamism 22 sets the maximum lift L. of the intake valve
16 to too small a value 1s suppressed 1n a suitable manner.

[0050] (4) In the preferred embodiment, when indepen-
dently controlling the driving state of the intake varnable
valve lift mechanism 22 as described above, the control
target value of the maximum lift L 1s fixed. Therefore, even
if the operational response of the intake variable valve it
mechanism 22 1s reduced and cannot be appropriately con-
trolled 1n accordance with the operating state of the engine,
a predetermined amount of the intake air 1s secured, and
resulting disadvantages are suppressed from occurring as
much as possible.

[0051] (5) In the preferred embodiment, when fixing the
control target value of the maximum lift L as described
above, the control target value 1s fixed to a value greater than
the minimum value of the changeable range of the maximum
lift L. Therefore, the intake air amount necessary for the
engine operation 1s more reliably secured.

[0052] (6) In the preferred embodiment, when fixing the
control target value of the maximum lift L as described
above, the control target value 1s fixed to the maximum value
of the changeable range. Therefore, the ntake air amount
necessary for the engine operation 1s more reliably secured,
and stable engine operation 1s performed.

[0053] The present invention is not restricted to the illus-
trated embodiment but may be embodied 1in the following
modifications.

[0054] For example, the intake variable valve lift mecha-
nism 22 may be configured such that when the intake
variable valve lift mechanism 22 1s deactivated, the maxi-
mum lift L of the intake valve 16 is restored to the maximum
value (MAX) of the changeable range. Alternatively, the
maximum lift L. may be designed to be restored to the
minimum value of the changeable range. In a case where the
maximum lift L 1s designed to be restored to the maximum
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value (MAX), the control target value 1s substantially fixed
to the maximum value (MAX) of the changeable range of
the maximum lift L by deactivating the intake variable valve
l1ift mechanism 22.

[0055] Inthe preferred embodiment, when it is determined
that the operational response of the intake variable valve
timing mechanism 21 1s reduced, the control target value of
the intake variable valve lift mechanism 22 1s fixed to the
maximum value (MAX) of the changeable range of the
maximum lift L. However, the control target value may be
less than the maximum value as long as 1t 1s greater than the
mimmum value of the changeable range.

[0056] Inthe preferred embodiment, when it is determined
that the operational response of the intake variable valve
timing mechanism 21 1s reduced, the control target value of
the 1intake vanable valve lift mechanism 22 i1s fixed. How-
ever, the control target value need not be fixed.

[0057] Inthe preferred embodiment, when it is determined
that the operational response of the intake variable valve
timing mechanism 21 1s reduced, the cooperative control 1s
prohibited and the driving state of the intake variable valve
l1ift mechanism 22 1s independently controlled. However, the
driving state of the intake variable valve lift mechanism 22
need not be controlled independently. That 1s, the coopera-
tive control may be restricted by limiting the degree of
reflection of the driving state of the intake variable valve
timing mechamsm 21 on the drniving state of the intake
variable valve lift mechanism 22 when the determination 1s
made. The manner of restricting the degree of reflection
includes, besides independently controlling the driving state
of the intake variable valve lift mechanism 22 (the degree of
reflection 1s “0”) as described above, for example, suppress-
ing increase of the degree of reflection, prohibiting increase
of the degree of reflection, or reducing the degree of
reflection within the range where the degree of reflection
does not become “0”. In this manner, for example, as
compared to a case where the cooperative control is
executed without limiting the degree of retlection, the driv-
ing state of the intake variable valve liit mechanism 22 is
more independently controlled. This suppresses deficiency
of the mtake air amount caused by the intake variable valve
l1ft mechanism 22 setting the maximum lift L of the intake
valve 16 to too small a value.

[0058] In the preferred embodiment, the determination of
whether the operational response of the intake variable valve
timing mechanism 21 of the intake valve 16 1s reduced 1s
made based on whether the divergence that 1s greater than or
equal to the predetermined value i1s caused between the
control target value of the mechanism 21 and the actual
value of the center of the operation angle ¢in, and the
divergence has continued for the predetermined time period.
With the 1intake varnable valve timing mechanism 21, which
1s driven using the pressure of the hydraulic o1l, the opera-
tional response changes due to the viscosity of the hydraulic
o1l. Therefore, the predetermined value and the predeter-
mined time period, which are the criteria for the determi-
nation, may be changed in accordance with the viscosity of
the hydraulic oil. In this case, since the viscosity of the
hydraulic o1l 1s estimated based on the engine coolant
temperature, for example, the predetermined value may be
set to a greater value or the predetermined time period may
be set to a longer period as the engine coolant temperature
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1s decreased. In this manner, the cooperative control is
prevented from being excessively restricted when the engine
coolant temperature 1s low.

[0059] In the preferred embodiment, the operational
response 1s determined to be reduced when the divergence
that 1s greater than or equal to the predetermined value 1s
caused between the control target value set based on the
operating state of the engine and the actual value, and the
divergence continues for the predetermined time period.
Instead, the operational response may be determined to be
reduced based only on whether the divergence that i1s greater
than or equal to the predetermined value 1s caused.

[0060] In the preferred embodiment, the variable valve
timing mechanisms 21, 23 are hydraulic type. However, for
example, electric type vanable valve timing mechanisms
such as those utilizing electric motors or electromagnets
may be employed.

[0061] In the preferred embodiment, the intake variable
valve lift mechanism 22 1s driven using an electric motor.
However, the intake variable valve lift mechanism 22 may
be, for example, an electric type that uses a power source
other than the electric motor such as electromagnets, or the
intake variable valve lift mechanism 22 may be a hydraulic

type.

[0062] Not only the changing mechanisms 21, 22, 23, but
also, for example, the throttle opening degree changing
mechanism 15 may be employed as the changing mecha-
nism, which serves as at least either the source of reflection
of the driving state or the one to which the driving state 1s
reflected 1n the cooperative control. Moreover, as long as the
changing mechanism has an influence on the adjustment of
the intake air amount, any changing mechanism other than
the changing mechanisms 15, 21, 22, 23 may be employed.
That 1s, the driving state of the intake variable valve it
mechanism 22 may be cooperatively controlled based on the
driving state of at least one of all the changing mechanisms
including the changing mechamsms 15, 21, 22, 23 and other
changing mechanisms except the intake vanable valve it
mechanism 22. Furthermore, at least one of all the changing
mechanisms except the intake variable valve lift mechanism
22 may be cooperatively controlled based on the driving
state of the intake variable valve lift mechanism 22. Reduc-
tion of the operational response may be determined on at
least one of all the changing mechanisms and the coopera-
tive control may be restricted based on the determination
result. Such a modified embodiment includes determining
decrease of the operational response of the intake variable
valve lift mechanism 22, and restricting the cooperative
control based on the determination result. When any of the
above modified embodiments 1s employed, since the coop-
erative control 1s restricted when reduction of the opera-
tional response of at least one of all the changing mecha-
nisms 1s determined, the driving state of the intake variable
valve lift mechanism 22 1s more independently controlled.
Theretore, the intake variable valve lift mechanism 22 1s
suppressed from setting the maximum lift L of the intake
valve 16 to too small a value. The above mentioned modi-
fication 1ncludes the exhaust variable valve timing mecha-
nism 23 of the exhaust valve 17 as the changing mechanism
that has an influence on the adjustment of the intake air
amount. This 1s because the “valve overlap amount™ that
correlates with the internal EGR amount that has an influ-
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ence on the itake air amount 1s changed when the exhaust
variable valve timing mechanism 23 changes the center of

the operation angle ¢ex, that is, the valve timing of the
exhaust valve 17.

[0063] The cooperative control 1s not necessarily executed
based on the actual value of the driving state of the changing
mechanism, but may be executed based on the control target
value.

[0064] Therefore, the present examples and embodiments
are to be considered as illustrative and not restrictive and the
invention 1s not to be limited to the details given herein, but
may be modified within the scope and equivalence of the
appended claims.

1. An intake air amount control apparatus for an internal
combustion engine equipped with an intake valve, the appa-
ratus comprising:

a plurality of changing mechanisms that change the
manner in which intake air 1s supplied to the internal
combustion engine, wherein the changing mechanisms
include a variable valve lift mechanism, which changes
the maximum lift of the intake valve;

a control unit, wherein the control umt executes a coop-
erative control 1n which, based on the driving state of
one of the varniable vale lift mechanism and at least one
of the other changing mechanisms, the driving state of
the other one of the variable valve lift mechanism and
the at least one of the changing mechanisms 1s con-
trolled;

a determining unit, which determines whether the opera-
tional response of the changing mechanisms 1s
decreased; and

a restricting unit, which restricts the cooperative control
when the determining unit determines that the opera-
tional response of at least one of the changing mecha-
nisms 1s decreased.

2. The control apparatus according to claim 1, wherein the
changing mechanisms other than the variable valve it
mechanism include a variable valve timing mechanism,
which changes the valve timing of the intake valve.

3. The control apparatus according to claim 1,

wherein the driving state of the variable valve lift mecha-
nism 1s controlled independently from the other chang-
ing mechanisms to restrict the cooperative control.

4. The control apparatus according to claim 3,

wherein the restricting unit fixes a control target value of
the maximum lift when controlling the driving state of
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the vanable valve lift mechanism independently from
the other changing mechanisms.
5. The control apparatus according to claim 4,

wherein the restricting unit fixes the control target value
to a value greater than the minimum value of the
changeable range of the maximum liit.

6. The control apparatus according to claim 3,

wherein the restricting unit fixes the control target value
to the maximum value of the changeable range of the
maximum liit.

7. The control apparatus according to claim 6, wherein the
maximum lift 1s fixed to the maximum value of the change-
able range when the variable vale lift mechanism 1s deacti-
vated.

8. An intake air amount control method for an internal
combustion engine equipped with an intake valve, the
method comprising:

changing the manner in which intake air 1s supplied to the
internal combustion engine using a plurality of chang-
ing mechanisms, wherein the changing mechanisms
include a variable valve lift mechanism, which changes
the maximum lift of the intake valve;

executing a cooperative control in which, based on the
driving state of one of the variable vale liit mechanism
and at least one of the other changing mechanisms, the
driving state of the other one of the varniable valve it
mechanism and the at least one of the changing mecha-
nisms 1s controlled;

determining whether the operational response of the
changing mechanisms 1s decreased; and

restricting the cooperative control when it 1s determined
that the operational response of at least one of the
changing mechanisms 1s decreased.
9. The control method according to claim 8, further
comprising:

controlhng the driving state of the variable valve lift
mechanism independently from the other changing
mechanisms to restrict the cooperative control.
10. The control method according to claim 9, further
comprising:

fixing a control target value of the maximum lift when
controlhng the driving state of the variable valve lift
mechanism independently from the other changing
mechanisms.




	Front Page
	Drawings
	Specification
	Claims

