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APPARATUS FOR ENGINE CONTROL
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to Japanese Patent Application Nos. 2008-
146537, filed on June 4, 2008 and 2009-080782, filed on March 30, 2009. The entire
disclosures of Japanese Patent Application Nos. 2008-146537 and 2009-080782 are
hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION
Field of the Invention
[0002] The present invention generally relates to an internal combustion engine that
operates according to a late intake valve closing Miller cycle in which an intake valve
close timing is set to occur after a bottom dead center.
Background Information
[0003] A valve timing changing mechanism capable of advancing or retarding an
open/close timing of an intake valve is widely known. One example of such technology is
disclosed in Japanese Laid-Open Patent Publication No. H08-338295.
[0004] In view of the above, it will be apparent to those skilled in the art from this
disclosure that there exists a need for an improved internal combustion engine. This
invention addresses this need in the art as well as other needs, which will become apparent
to those skilled in the art from this disclosure.
SUMMARY OF THE INVENTION
[0005) It has been discovered that in a valve timing changing mechanism like that
presented in Japanese Laid-Open Patent Publication No. H08-338295, when the intake
valve timing (IVC) is later than a bottom dead center and an initial position of an open
timing and an initial position of a close timing of the intake valve are retarded positions
(e.g., when an initial position of an intake valve close timing is a most retarded position),
an actuator is driven such that the open and close timings of the intake valve are changed
from the initial positions to more advanced positions. If a drive device serving to drive the
actuator in order to move the open and close timings of the intake valve to more advanced
positions fails, then the open and close timings of the intake valve will return to more

retarded positions such that an intake air quantity will decline and add to the knock
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suppressing effect of the Miller cycle, which acts to lower the effective compression ratio.
As a result, the engine state will change to a safer region.

[0006] However, in a valve timing changing mechanism like that presented in
Japanese Laid-Open Patent Publication No. H08-338295, when the intake valve timing
(IVC) is later than a bottom dead center and an initial position of an open timing and an
initial position of a close timing of the intake valve are advanced positions (e.g., when an
initial position of an intake valve close timing is a most advanced position), an actuator is
driven such that the open and close timings of the intake valve are changed from the initial
positions to more retarded positions. Consequently, if the drive device serving to drive the
actuator in order to move the open and close timings of the intake valve to more retarded
positions fails, then the open and close timings of the intake valve will return to more
advanced positions and cause the intake air quantity and effective compression ratio for a
given throttle opening degree to increase. As a result, the required ignition timing will
become excessively advanced with respect to the set ignition timing and there will be the
possibility that knocking will occur and the engine will stop.

[0007] In accordance with one aspect, an engine control apparatus is provided that
basically comprises an internal combustion engine, an ignition device, a valve timing
changing mechanism, an intake valve close timing detecting device, a supercharger and a
controller. The internal combustion engine achieves a Miller cycle by setting an intake
valve close timing to occur after a bottom dead center timing. The ignition device ignites
an air-fuel mixture inside a combustion chamber of the internal combustion engine. The
valve timing changing mechanism includes an actuator that is driven to change an open
timing and a close timing of an intake valve. The intake valve close timing detecting
device detects a close timing of the intake valve. The supercharger supercharges intake air
inducted into the internal combustion engine. The controller controls an ignition timing of
the ignition device, the open timing of the intake valve and the close timing of the intake
valve. The controller performs an ignition timing retardation control that retards the
ignition timing when the supercharger is supercharging and a detected value of the intake
valve close timing detected by the intake valve close timing detecting device is earlier than

a target value of the intake valve close timing by at least a prescribed value in comparison
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with a situation in which the detected value of the intake valve close timing matches the
target value of the intake valve close timing,.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Referring now to the attached drawings which form a part of this original
disclosure:
[0009] Figure 1A is a system diagram of an internal combustion engine according to
one embodiment;
[0010] Figure 1B is another system diagram of a 4-cylinder internal combustion
engine according to one embodiment,
[0011] Figure 2 is a schematic diagram of a valve timing changing mechanism;
[0012] Figure 3 is a diagram illustrating intake valve opening and closing timings of
the internal combustion engine;
[0013] Figure 4 is a diagram illustrating in a simple schematic fashion an ignition
timing retardation control of the internal combustion engine;
[0014] Figure 5 is a pair of plots with an upper plot indicating a number of ignitions
on a horizontal axis and an intake valve open timing advancement amount on a vertical
axis, and a lower plot indicating a number of ignitions on a horizontal axis and a target
retardation amount of an ignition timing resulting from advancement of the intake valve
close timing with respect to a target intake valve close timing, with the number of
explosions indicated in the plots being counted from a point in time when a broken wire or
severed connection has occurred in a directional control valve of the valve timing
changing mechanism;
[0015] Figure 6 is a diagram illustrating in a simple schematic fashion an execution
region of an ignition timing retardation control of an internal combustion engine;
[0016] Figure 7 is a diagram illustrating in a simple schematic fashion a supercharge
pressure limitation control of an internal combustion engine;
[0017] Figure 8 is a flowchart depicting an ignition timing retardation control of an
internal combustion engine; and
[0018] Figure 9 is a flowchart depicting a supercharge pressure limiting control of an

internal combustion engine.



WO 2009/147488 PCT/IB2009/005722

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] Selected embodiments of the present invention will now be explained with
reference to the drawings. It will be apparent to those skilled in the art from this
disclosure that the following descriptions of the embodiments of the present invention are
provided for illustration only and not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.
[0020] Referring initially to Figure 1A and Figure 1B, an internal combustion engine 1
is illustrated with an engine control apparatus in accordance with a first embodiment. The
internal combustion engine 1 is a spark ignition gasoline engine in which a close timing of
an intake valve 2 occurs after a bottom dead center. In other words, the internal
combustion engine 1 operates according to a late intake valve closing Miller cycle. In this
embodiment, for example, the internal combustion engine 1 is a 4-cylinder straight type
engine. The 4-cylinder straight type engine has cylinders 52a (#1), 52b (#2), 53¢(#3), 54d
(#4). An order of the combustion is, for example, as follows: starts with #1, and then #3,
#4 and #2.
[0021] If a drive device serving to drive an actuator that serves to move the open and
close timings of the intake valve 2 of the engine 1 to more retarded timings fails, then tﬁe
open and close timings of the intake valve return toward more advanced timings. In other
words, an intake air quantity and an effective compression ratio of the engine both
increase at a given throttle opening degree. As a result, a required ignition timing will
become excessively advanced with respect to a set ignition timing and knocking will occur.
[0022] Against this kind of knocking, one might consider a method in which the
failure of the valve timing changing mechanism is diagnosed and knocking is avoided.
However, it takes time to detect if a failure of the valve timing changing mechanism has
actually occurred. Thus, such a method cannot effectively prevent knocking. Also
measuring the intake air quantity with an air flow meter and then reducing the opening
degree of the throttle valve as an intake air quantity lowering measure is not an effective
measure against such knocking because of the response delay that would occur before the

intake air quantity decreased.
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[0023] Also, when the drive device that drives the actuator fails, the response of the
intake air in reaction o the response speed of the valve timing changing mechanism is
faster than the response in a close proximity to the air flow meter. Consequently, if the
ignition timing is corrected using the intake air quantity detected by the air flow meter, the
correction will not be current enough to serve as a countermeasure against the knocking.
[0024] The internal combustion engine 1 typically has a plurality of combustion
chambers 12 (only one shown in Figure 1A), with each of the combustion chambers 12 of
the internal combustion engine 1 including at least one intake valve 2, at least one exhaust
valve 3. For the sake of simplicity, only one of the combustion chambers of the internal
combustion engine 1 is illustrated in Figure 1A. The other combustion chambers of the
internal combustion engine 1 are similarly constructed. The internal combustion engine 1
further includes a valve timing changing mechanism 4 for controlling the opening and
closing timings of each intake valve 2. In other words, as explained later, the valve timing
changing mechanism 4 serves as a valve operating mechanism for the intake valve 2. The
exhaust valve 3 is directly driven by an exhaust camshaft 5 and the valve lift characteristic
of the exhaust valve 3 is constant (fixed).

[0025] A valve lifter 6 is arranged at an upper portion of the intake valve 2, and an
intake camshaft 8 is arranged above the valve lifter 6. The intake camshaft 8 is oriented
along a cylinder alignment direction and arranged to rotate about an axis in coordination
with a crankshaft 7. An oscillating cam 9 is fitted onto the outside circumference of the
intake camshaft 8 in positions corresponding to each of the intake valves 2. Each of the
oscillating cams 9 presses against one of the valve lifters 6 and functions to open and close
the corresponding intake valves 2 in opposition to a spring force of a valve spring (not
shown).

[0026] The valve timing changing mechanism 4 retards and advances a lift center
angle of the valve lift of the intake valves 2 in a continuous manner by driving an actuator.
For example, the technology disclosed in Japanese Laid-Open Patent Publication No.
2001-336446 is one example of a displacement changing mechanism that can be used with
the valve timing changing mechanism 4. An overview thereof will now be provided. The

valve timing changing mechanism 4 is provided in a rotational power transmission path
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between the intake camshaft 8 and a cam pulley (not shown) that is provided on an outside
circumference of the intake camshaft § and arranged to receive rotational power from the
crankshaft 7 through a chain or a timing belt. The rotational phase between the intake
camshaft 8 and the cam pulley is changed by driving the actuator (not shown). In this way,
while the size of the operating angle (open duration) of the intake valve 2 is not changed,
the center phase of the operating angle is varied in a continuous fashion within a
prescribed range and held in any desired position.

[0027] Figure 2 shows the main features of the valve timing changing mechanism 4,
which will now be explained. The valve timing changing mechanism 4 basically includes
an outer cylindrical portion 40, an inner cylindrical portion 41, a ring-shaped plunger 42
and a return spring 43. The outer cylindrical portion 40 is formed integrally on an inner
circumferential portion of the cam pulley such that it rotates integrally with the cam pulley.
The inner cylindrical portion 41 is fastened to the intake camshaft 8 such that it rotates
integrally with the intake camshaft 8. The ring-shaped plunger 42 is disposed between the
outer cylindrical portion 40 and the inner cylindrical portion 41. The ring-shaped plunger
42 serves as an actuator. The return spring 43 is configured and arranged to always apply
a spring force against the plunger 42 in one direction.

[0028] An advancement hydraulic pressure chamber 44 and a retardation hydraulic
pressure chamber 45 are provided so as to be partitioned from each other along a
lengthwise direction of the plunger 42. A directional control valve 10 serves as a drive
device to drive the plunger 42 (e.g., the actuator) and redirect a hydraulic oil pressure from
the advancement hydraulic pressure chamber 44 to the retardation hydraulic pressure
chamber 45 or vice versa. The plunger 42 moves along an axial direction of the outer and
inner cylindrical portions 40 and 41. This axial movement is converted into relative
rotational movement between the outer and inner cylindrical portions 40 and 41. The
relative rotational phase between the outer and inner cylindrical portions 40 and 41
changes in a continuous fashion. More specifically, the axial movement of the plunger 42
is converted into relative rotation between the intake camshaft 8 and the cam pulley such
that the relative rotational phase between the intake camshaft 8 and the cam pulley

changes in a continuous fashion. The outer and inner cylindrical portions 40 and 41 are
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knock limit (i.e., a limit below which knocking does not occur), then knocking will occur
in the engine if the valve timing changing mechanism fails and the intake valve close
timing advances to a most advanced timing.

[0044] Generally, knocking can be prevented effectively by throttling (controlling the
throttle valve opening) so as to restrict the intake air quantity or by retarding the ignition
timing (setting it to a later timing). However, when a failure of the valve timing changing
mechanism 4 causes the intake valve close timing to change immediately to a most
advanced position, it is difficult to prevent knocking from occurring by throttling the
intake air quantity because the intake air quantity changes with a slower response speed
than the response speed at which the valve timing changing mechanism 4 changes the
intake valve close timing.

[0045] Therefore, this embodiment is configured to monitor an amount by which a
detected value of an actual intake valve close timing deviates toward a more advanced
timing from a target value of the intake valve close timing (hereinafter called the “intake
value close timing advancement amount”) and to determine that the valve timing changing
mechanism 4 could be failing if the intake valve close timing advancement amount
becomes equal to or larger than a prescribed threshold value. When it has been
determined that the valve timing changing mechanism 4 could be failing, the ignition
timing is retarded starting from the next cylinder in the firing order so as to prevent
knocking that could possibly occur if the intake valve close timing advances to a most
advanced position due to a failure of the valve timing changing mechanism 4.

[0046] The detected value of the intake valve close timing actually drifts from the
target value to some degree even when the valve timing changing mechanism 4 has not
failed and is operating normally. If the ignition timing is also retarded when the intake
valve close timing shifts to an advanced position due to normal drifting (variation) with
respect to the target value, then the fuel efficiency of the engine 1 will be degraded.
Therefore, an upper limit value is established with respect to how much the detected value
of the intake valve close timing can drift in the advancement direction relative to the target
value of the intake valve close timing and still be considered normal. Thus, when the

intake valve close timing advancement amount (i.e., the amount by which a detected value
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fitted one inside the other, and secured together with a lock key 46. The lock key 46 is
provided in the outer cylindrical portion 40 with a spring or other elastic member being
provided therebetween. The lock key 46 is provided inside an oil passage that
communicates with the retardation hydraulic pressure chamber 45. When the outer and
inner cylindrical portions 40 and 41 are connected together with the lock key 46 and
hydraulic pressure acts toward the retardation hydraulic pressure chamber 45, the lock key
46 is pushed toward the outer cylindrical portion 40 by the hydraulic pressure and the
connection between the outer cylindrical portion 40 and the inner cylindrical portion 41 is
released.

[0029] The valve timing changing mechanism 4 according to this embodiment is
configured such that when the directional control valve 10 (e.g., the drive device) that
drives the plunger 42 (e.g., the actuator) fails, the intake valve close timing (IVC) moves
to a most advanced position. More specifically, for example, if the drive device is the
directional control valve 10 and a broken wire or poor electrical connection causes renders
the directional control valve 10 uncontrollable, then a spool (not shown in the drawings)
inside the directional control valve 10 moves to an initial position and, thereby, causes the
hydraulic oil to be supplied to the advancement hydraulic pressure chamber.

[0030] Although in this embodiment the valve timing changing mechanism 4 is
hydraulically driven, the valve timing changing mechanism 4 can also be an
electromagnetically driven valve timing changing mechanism.

[0031] Figure 3 depicts open and close timings of the intake valves that are changed
by the valve timing changing mechanism 4. The intake valve close timing IVC1 is an
initial position and the intake valve close timing IVC2 is a comparatively retarded timing
adopted during full open driving (normal driving). The open timing (IVO1 and IVOZ2) of
the intake valve also changes by the same phase amount as the close timing when the close
timing changes.

10032} An air intake passage 13 connects to the combustion chambers 12 formed by a
piston 11 of the engine 1 through each intake valve 2, and an exhaust passage 14 connects
to the combustion chambers 12 through each exhaust valve 3. A spark plug 15 is arranged

in a top center portion of each of the combustion chambers 12. A fuel injection valve 16 is
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provided in each of the combustion chambers 12 to inject fuel directly into the combustion
chambers 12. The fuel injection valve 16 is arranged in a side portion of the combustion
chamber 12 on the same side as the intake valve 2. Fuel adjusted to a prescribed pressure
by a high pressure fuel pump 17 and a pressure regulator (not shown) is supplied to the
fuel injection valve 16 through a high pressure fuel passage 18. Thus, by opening the fuel
injection valve 16 of each cylinder with a control pulse, a quantity of fuel corresponding to
the open duration of the valve 16 can be injected. A fuel pressure sensor 19 is provided to
detect a fuel pressure.

[0033] A catalytic converter 20, a second catalytic converter 21 and a muffler 22 are
provided in the exhaust passage 14 in the order listed from upstream to downstream.
[0034] An air flow meter 26 is arranged in the intake passage 13 to detect a flow rate
of intake air. An electronically controlled throttle valve 24 is arranged in the intake
passage 13 in a position downstream of the air flow meter 26. The air flow meter 26 has
an intake air temperature sensor installed there-within. An intake air collector 25 is
positioned downstream of the electronically controlled throttle valve 24, and an air cleaner
23 is positioned upstream of the air flow meter 26.

[0035] The electronically controlled throttle valve 24 has an actuator 24a with an
electric motor. An opening degree of the electronically controlled throttle valve 24 is
controlled with a control signal from a controller 27. The electronically controlled throttle
valve 24 has an integral sensor 24b configured to detect an actual opening degree of the
electronically controlled throttle valve 24. Preferably, the throttle valve opening degree is
closed-loop controlled to a target opening degree based on a detection signal from the
sensor 24b.

[0036] A supercharger 28 and an intercooler 29 are also arranged in the intake passage
13 between the electronically controlled throttle valve 24 and the air flow meter 23. The
intercooler 29 is arranged downstream of the supercharger 28.

[0037] A bypass passage 30 is connected to the intake passage 13 to bypass the
supercharger 28 and the intercooler 29. One end of the bypass passage 30 is connected to
the intake passage 13 at a position downstream of the intercooler 29 and the other end is

connected to the intake passage 13 at a position upstream of the supercharger 28. A
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bypass valve 31 is arranged in the bypass passage 30 to open and close the bypass passage
30. The bypass valve 31 has an actuator (not shown in the drawings) comprising an
electric motor. The opening degree of the bypass valve 31 is controlled with the control
signal from a controller 27.

[0038] The internal combustion engine 1 is further provided with a coolant sensor 32,
a crank angle sensor 33 an accelerator position sensor 34, a supercharge pressure sensor 35,
a pressure sensor 36, and a vehicle speed sensor 60. The coolant sensor 32 serves to detect
an engine coolant temperature. The crank angle sensor 33 serves to detect an engine
rotational speed and a crank angle position. The accelerator position sensor 34 serves to
detect an accelerator position (depression amount) resulting from operation of an
accelerator pedal by a driver. The supercharge pressure sensor 35 and the pressure sensor
36 are provided in the intake passage 13. The supercharge pressure sensor 35 is arranged
in a position upstream of the electronically controlled throttle valve 24 and downstream of
the intercooler 29. The pressure sensor 36 is arranged in a position upstream of the
supercharger 28 and downstream of the air cleaner 23. The vehicle speed sensor 60 serves
to detect a vehicle speed.

[0039] The fuel injection quantity, the fuel injection timing, and the ignition timing of
the engine 1 are controlled by the controller 27. The controller 27 receives detection
signals from the various sensors mentioned above. In accordance with engine operating
conditions detected from received detection signals, the controller 27 controls an opening
degree of the electronically controlled throttle valve 24, a fuel injection timing and fuel
injection quantity of the fuel injection valves 16, an ignition timing of the spark plugs 15,
a valve lift characteristic (change amount of the intake valve open and close timings)
achieved by the valve timing changing mechanism 4, the operation of the supercharger 28,
and an opening degree of the bypass valve 31. During normal operation, the controller 27
controls the ignition timing of the spark plugs 15 to a basic ignition timing set according to
a map or the like based on a rotational speed and a load of the engine. For example, the
controller 27 determines the load of the engine based on a vehicle speed and an accelerator
position (depression amount) resulting from operation of the accelerator pedal by a driver.

The controller 27 receives a signal from a cam angle sensor 37, The cam angle sensor 37
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serves to detect a rotational angle of the intake camshaft 8 and detects an actual close
timing of the intake valves 2 based on the signal from the cam angle sensor 37. Thus, the
cam angle sensor 37 is one example of an intake valve close timing detecting device.
[0040] In a system using the internal combustion engine 1 like that just described,
when the engine 1 is operating in a state requiring the supercharger 28 to be driven (i.e., in
a “supercharging region”) and, for example, the directional control valve 10 of the valve
timing changing mechanism 4 fails and causes the open and close timings of the intake
valves to shift to more advanced timings that are more advanced than a target value by at
least a prescribed value, an ignition timing retardation control (explained in detail later)
and a supercharge pressure limiting control (explained in detail later) are executed in
parallel with each other.

[0041] Figure 4 is a diagram illustrating in a simple schematic fashion how the target
ignition timing changes when the directional control valve 10 of the valve timing changing
mechanism 4 experiences a broken wire or severed connection.

[0042] Since the valve timing changing mechanism 4 is configured such that the initial
position of the intake valve open timing is an advanced position, the intake valve close
timing moves immediately to a most advanced position, i.e., the initial position, when a
broken wire or severed connection occurs in the directional control valve 10 of the valve
timing changing mechanism 4 while the intake valve open timing is retarded. In such a
situation, the advanced position of the intake valve close timing causes the air quantity to
increase regardless of the accelerator position and the target ignition timing changes to a
more retarded position. Moreover, since the knock suppressing effect that would be
obtained with a later intake valve close timing is diminished, the ignition timing required
with respect to the same air quantity is even more retarded.

[0043] In this embodiment, the engine 1 uses the valve timing changing mechanism 4,
in which an initial position (i.e., a position used when no control is being executed with
the actuator) of the intake valve open timing is more advanced than the intake valve open
timing used during normal operation after the engine 1 is warm. In a conventional
apparatus having an engine and a supercharger similar to that of this embodiment, if a

target compression ratio is set to a high compression ratio substantially equal to an anti-
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of the actual intake valve close timing deviates toward a more advanced timing from a
target value of the intake valve close timing) is equal to or larger than the prescribed
threshold value (upper limit value), the apparatus determines that there is a possibility that
a failure has occurred in the valve timing changing mechanism 4.

[0047] In this embodiment, the threshold value is defined to be an advancement
amount (e.g., five degrees) of the intake valve close timing that would cause knocking to
occur if a rotational speed of the engine 1 was at a lowest usable rotational speed (e.g.,
1200 rpm) in a supercharging region where the supercharger is operated. In short, a
reliable countermeasure against a failure of the valve timing changing mechanism 4 can be
obtained by setting the threshold value to an operating condition where a knock sensitivity
1s highest, and a practical fuel efficiency can be ensured by allowing some degree of
variation of the valve timing (deviation from the target value).

[0048] Figure 5 shows a first or upper plot indicating a number of ignitions on a
horizontal axis and an intake valve open timing advancement amount on a vertical axis,
and a second or lower plot indicating a number of ignitions on a horizontal axis and a
target retardation amount of the ignition timing resulting from advancement of the intake
valve close timing with respect to the target intake valve close timing. The number of
ignitions indicated in the plots is counted from a point in time when a broken wire or
severed connection has occurred in the directional control valve 10 of the valve timing
changing mechanism 4. Since the linear characteristic differs depending on the rotational
speed of the engine 1, Figure 5 shows characteristic curves (lines) corresponding to the
following engine speeds: 1200 rpm, 2000 rpm, 4000 rpm, and 5600 rpm.

[0049] As shown in Figure 5, the intake valve close timing advancement amount and
the target retardation amount for the ignition timing both increase with respect to a given
number of ignitions as the engine speed decreases. Therefore, the embodiment can
accommodate the entire supercharge region by detecting drifting of the intake valve close
timing in the advancement direction and comparing to a prescribed value corresponding to
an advancement amount (deviation in the advancement direction) up to an ignition timing
that would cause knocking to occur if the engine 1 was operating at a lowest rotational

speed (e.g., 1200 rpm) in the supercharging region. In other words, the controller 27 sets
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the prescribed value to a value corresponding to a difference between a target value
ignition timing prior to ignition timing retardation control and a most retarded ignition
timing at which knocking would occur if the internal combustion engine 1 was operating
at a lowest engine rotational speed within an operating region of the internal combustion
engine 1 where the supercharger 28 is operated.

[0050] Since the determination of when to execute ignition timing retardation control
focuses on the deviation of the detected value of the intake valve close timing from the
target value in the advancement direction, the region in which the ignition timing
retardation control is executed is as shown in Figure 6. If the detected value of the intake
valve close timing deviates from the target value in the advancement direction by five
degrees or more, i.¢., if the intake valve close timing advancement amount is five degrees
or larger, then the apparatus determines that a failure could possibly have occurred in the
directional control valve 10 of the valve timing changing mechanism 4 and executes an
ignition timing retardation control.

[0051] When the ignition timing retardation control is executed, the retardation of the
ignition timing starts from the cylinder (first cylinder) whose ignition occurs next after the
cylinder where it was determined that the intake valve close timing advancement amount
had become five degrees or larger. The target retardation amount to be applied to the
ignition timing of the first cylinder is determined in a manner that takes into account an‘
intake valve close timing advancement amount occurring at a cylinder where ignition
occurred immediately prior to the first cylinder where the retardation control will first be
started and an intake valve close timing advancement amount occurring during a period
sparming from the ignition of the prior cylinder where ignition occurred immediately prior
to the ignition of the first cylinder where retardation of the ignition timing will be started
until the ignition of the first cylinder where retardation of the ignition timing will be
started.

[0052) More specifically, as shown in Figure 5, the retardation amount needed to
compensate for advancement of the intake valve close timing basically increases at a
constant rate starting from the first cylinder where the intake valve close timing advances

toward a most advanced position due to a failure of the valve timing changing mechanism
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4. However, in this embodiment, until the intake valve close timing advancement amount
reaches or exceeds five degrees, retardation of the ignition timing is not executed even if a
failure of the valve timing changing mechanism 4 causes the intake valve close timing to
advance toward the most advanced position.

[0053] Therefore, in this embodiment, a total target retardation amount of the ignition
timing corresponding to the amount the intake valve close timing has already advanced
due to the failure of the valve timing changing mechanism 4 is calculated for the cylinder
(first cylinder) where retardation of the ignition timing will first be started. Also a control
profile (broken-line curve in Figure 5) for the target retardation amount of the first
cylinder where retardation of the ignition timing will first be started is matched to a
characteristic curve of the retardation amount that starts from the point in time when the
valve timing changing mechanism 4 has failed. Additionally, the ignition timing is
quickly retarded to a desired ignition timing. Starting from the next cylinder (second
cylinder) of the firing order after the cylinder (first cylinder) for which the ignition timing
was first retarded, the retardation amount is determined in accordance with the rotational
speed of the engine as shown in Figure 5. Consequently, if, for example, the directional
control valve 10 fails and the intake valve close timing advances toward an initial position
by a prescribed amount or more, then the ignition timing can be retarded quickly to a
desired ignition timing.

[0054] As shown in Figure 5, the higher the engine rotational speed is, the smaller the
target retardation amount is set. As a result, a rapid increase of an exhaust gas temperature
caused by excessive retardation of the ignition timing can be prevented and the load
imposed on the exhaust system can be decreased.

[0055] If the intake valve close timing advancement amount reaches or exceeds five
degrees and then decreases, i.e., if the intake valve close timing advances by at least a
prescribed value relative to the target value and then retards, then the advancement will be
determined to be a temporary large deviation of the detected value of the intake valve
close timing and the ignition timing will be corrected in accordance with the detected
value of the intake valve close timing. In short, the ignition timing is retarded in

accordance with a detected value of the intake valve close timing if the intake valve close
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timing advancement amount becomes equal to or larger than five degrees, but, afterwards,
the ignition timing retardation control is ended if the intake valve close timing
advancement amount becomes smaller than five degrees. As a result, excessive
degradation of the fuel efficiency during practical use of the engine can be prevented when
the detected value of the intake valve close timing deviates from the target value by a large
amount,

[0056] As explained above, if the directional control valve 10 of the valve timing
changing mechanism 4 suffers a severed connection while the engine 1 is operating in a
supercharging region in which the supercharger 28 is driven and the intake valve close
timing advances by at least a prescribed value (amount) from the target value, then the
ignition timing is retarded in order to avoid knocking. However, there is a possibility that
the retardation of the ignition timing could cause the exhaust gas temperature to increase
beyond an allowable temperature of the exhaust system. Therefore, in this embodiment,
when the ignition timing retardation control retards the ignition timing, a supercharge
pressure limiting control is executed to adjusts an opening degree of the bypass valve 31.
The supercharge pressure limiting control is started from the next cylinder (second
cylinder) to undergo ignition after the cylinder (first cylinder) where the retardation of the
ignition timing was first started. The supercharger pressure limiting control is configured
to adjust the supercharge pressure to an upper limit supercharge pressure set in accordance
with an intake valve close timing advancement amount.

[0057) The control will now be explained further with reference to Figure 7. When a
severed connection occurs in the directional control valve 10 of the valve timing changing
mechanism 4 (point P) and the intake valve close timing advances, the ignition timing is
retarded and the exhaust gas temperature will exceed the allowable exhaust gas
temperature of the exhaust system (point Q) if no other measures are taken. Therefore, in
addition to retarding the ignition timing, the supercharge pressure is decreased to an upper
limit supercharge pressure set such that the exhaust gas temperature is substantially equal
to the allowable exhaust gas temperature (point R). The upper limit supercharge pressure
is set s0 as to achieve an intake air quantity with which the exhaust gas temperature

remains equal to or lower than the allowable exhaust gas temperature even after the
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ignition timing retardation control is executed in accordance with the intake valve close
timing advancement amount. More specifically, a table is prepared in advance which is
used to set an upper limit supercharge pressure in accordance with the intake valve close
timing occurring when the directional control valve 10 experiences the severed connection.
[0058] The supercharge pressure limiting control is executed when the intake valve
close timing advances because the directional control valve 10 has failed due to a severed
connection or the like and the ignition timing retardation control described above is being
executed. The supercharge pressure limiting control enables a stagnation time of the high
temperature exhaust gas resulting from the retardation of the ignition timing to be
shortened, and thus shortening a response delay of the intake air. As a result, the exhaust
system can be prevented from being damaged by an increase of the exhaust gas
temperature.

[0059] When the intake valve close timing advances because the directional control
valve 10 has failed due to a severed connection or the like and the ignition timing
retardation control described above is being executed, it is not necessary to use the size of
the exhaust gas temperature increase as a condition for setting the ignition timing. As a
result, the ignition timing setting can be advanced in this system and degradation of the
fuel efficiency can be prevented.

[0060] Additionally, since the supercharge pressure limiting control is synchronized
with the ignition timing retardation control, the supercharge pressure limiting control is
not executed until the intake valve close timing advancement amount becomes equal to or
larger than the prescribed threshold value. As a result, since some degree of variation
(deviation from the target value) of the intake valve close timing is allowed, the engine
operating state can be prevented from being excessively affected by the supercharge
pressure limitation and abrupt torque decreases can be prevented during practical use of
the engine.

[0061] Both in cases where the intake valve close timing ultimately reaches the most
advanced position of the valve timing changing mechanism 4 due to a severed connection
or other failure of the directional control valve 10 and in cases where the intake valve

close timing merely undergoes a large deviation, the supercharge pressure limitation
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control can prevent the exhaust gas temperature from exceeding the allowable exhaust gas
temperature while the ignition timing is being retarded in accordance with the intake valve
close timing advancement amount. As a result, thermal damage to the exhaust system
caused by the valve timing changing mechanism 4 can be prevented even when the valve
timing deviates for reasons other than a severed connection or other failure of the
directional control valve 10.

[0062] Figure 8 is a flowchart showing steps of an ignition timing retardation control
according to this embodiment.

[0063] In step S11, the controller 27 determines if the engine 1 is in an idling state or a
fuel cutting state. If the engine is idling or if the fuel is cut, the controller 27 proceeds to
step S12. Otherwise, it ends the current cycle of the routine.

[0064] In step S12, the controller 27 determines if the engine 1 is operating in a
supercharging region in which the supercharger 28 is driven. If the engine 1 is in the
supercharging region, the controller 27 proceeds to step S13. Otherwise, it ends the
current cycle of the routine.

[0065] In step S13, the controller 27 determines if a detected value of the actual intake
valve close timing is more advanced than a target value of the intake valve close timing by
five degrees or more, i.e., if the intake valve close timing advancement amount is five
degrees or larger. If so, then the controller 27 proceeds to step S14. Ifnot, then it ends the
current cycle of the routine.

[0066] In step S14, the controller 27 determines if there is a possibility that a failure
has occurred in the valve timing changing mechanism 4.

[0067] In step S15, the controller 27 retards the ignition timing of a cylinder (first
cylinder) whose ignition occurs next in the firing order after the cylinder where it was
determined that the intake valve close timing advancement amount had become five
degrees or larger. The ignition timing is retarded by a target retardation amount (A) that is
determined in a manner that takes into account an intake valve close timing advancement
amount occurring up to a prior cylinder where ignition occurred immediately prior (i.e.,
the cylinder where it was determined that the intake valve close timing advancement

amount had become five degrees or larger) and an intake valve close timing advancement
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amount occurring during a period from the cylinder where ignition occurred immediately
prior up to the cylinder (first cylinder) at which retardation of the ignition timing will first
be started.

[0068] In step S16, the controller 27 determines if the close timing of the intake valve
2 is continuing to return in the advancement direction. If so, then the controller 27
determines that there is still a possibility that a failure has occurred in the valve timing
changing mechanism 4 and proceeds to step S17. If not, then the controller 27 proceeds to
step S19.

[0069] In step S17, the controller 27 retards the ignition timing of the cylinder (second
cylinder) whose ignition occurs next after the cylinder (first cylinder) where the i gnition
timing was first retarded. The target retardation amount is determined according to the
engine rotational speed. The controller 27 then proceeds to step S18.

[0070] In step 518, the controller 27 determines if the close timing of the intake valve
2 is continuing to return in the advancement direction. If so, then the controller 27
determines that there is still a possibility that a failure has occurred in the valve timing
changing mechanism 4 and proceeds to step S17. If not, then the controller 27 proceeds to
step S19. That is, if the close timing of the intake valve 2 is continuing to return in the
advancement direction after the intake valve close timing advancement amount has
reached or exceeded five degrees, then the controller 27 will retard the ignition timing of
cylinders whose ignitions occur after the cylinder (second cylinder) whose ignition
occurred immediately after the cylinder (first cylinder) where the ignition timing was first
retarded and the target retardation amount will be determined in accordance with the
engine rotational speed.

[0071] In step S19, the controller 27 determines if the intake valve open timing is in
the most advanced position, i.e., if the intake valve close timing is in the most advanced
position. If the intake valve open timing is in the most advanced position, then the
controller 27 proceeds to step S20. Otherwise, the controller 27 determines that the
increase of the intake valve close timing advancement amount was merely a temporary
variation and that the valve timing changing mechanism 4 has not failed. The controller

27 then proceeds to step S21.
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[0072] In step S20, the controller 27 retards the ignition timing by an amount
corresponding to the most advanced position (initial position) of the intake valve close
timing and ends the current cycle of the routine.

[0073] In step S21, the controller 27 determines if a detected value of the actual intake
valve close timing is more advanced than a target value of the intake valve close timing by
five degrees or more, i.e., if the intake valve close timing advancement amount is five
degrees or larger. If so, then the controller 27 proceeds to step S22. If not, then the
controller 27 determines that it is no longer necessary to retard the ignition timing and
ends the current cycle of the routine.

[0074] In step S22, the controller 27 revises the ignition timing in accordance with a
detected value of the close timing of the intake valve 2. In other words, the controller 27
retards the ignition timing of the first cylinder to undergo ignition after the intake valve
close timing stops returning in the advancement direction by an ignition timing retardation
amount corresponding to an ignition timing advancement correction amount.

[0075] In step S23, the controller 27 determines if a detected value of the actual intake
valve close timing is more advanced than a target value of the intake valve close timing by
five degrees or more, i.e., if the intake valve close timing advancement amount is five
degrees or larger. If so, then the controller 27 returns to step S22. If not, then the
controller 27 determines that it is no longer necessary to retard the ignition timing and
ends the current cycle of the routine. More specifically, if the intake valve close timing
advancement amount became equal to or larger than five degrees due to a temporary
variation, then the intake valve close timing will start to return to a more retarded timing,.
Until the intake valve close timing advancement amount becomes smaller than five
degrees, the controller 27 retards the ignition timing by an ignition timing retardation
amount corresponding to the ignition timing advancement correction amount.

[0076] Figure 9 is a flowchart showing steps of a supercharge pressure limiting control
according to this embodiment.

[0077] In step S31, the controller 27 determines if the ignition timing retardation
control is in progress. If so, then the controller 27 proceeds to step S32. If not, then the

controller 27 ends the current cycle of the routine.
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[0078] In step S32, the controller 27 determines if the intake valve close timing .
advancement amount is equal to or larger than five degrees. If the intake valve close
timing advancement amount is equal to or larger than five degrees, then the controller 27
proceeds to step S33. Otherwise, the controller 27 ends the current cycle of the routine.
[0079] In step S33, the controller 27 sets an upper limit supercharge pressure L in
accordance with the intake valve close timing advancement amount.

[0080] In step S34, the controller 27 determines if a current supercharge pressure is
larger than the upper limit supercharge pressure L set in step S33. If the current
supercharge pressure is larger than the upper limit supercharge pressure L, then the
controller 27 proceeds to step S35. Otherwise, the controller 27 ends the current cycle of
the routine.

[0081] In step S35, the controller 27 adjusts an opening degree of the bypass valve 31
such that the supercharge pressure becomes equal to or smaller than the upper limit
supercharge pressure L. More specifically, in step S35, the controller 27 increases the
opening degree of the bypass valve 31 such that the supercharge pressure becomes equal
to or smaller than the upper limit supercharge pressure L.

[0082] Although in the embodiment described above the target retardation amount is
determined in accordance with the engine rotational speed, it is also possible to determine
the target retardation amount in accordance with the engine rotational speed and the
engine load of the engine. That is, the target retardation amount can be set such it
decreases as the engine rotational speed increases, and decreases as the engine load
increases. In this way, too, an abrupt increase in the exhaust gas temperature caused by
excessive retardation can be prevented and the load imposed on the exhaust system can be
reduced.

[0083] Although in the embodiment described above an intake air quantity with which
the exhaust gas temperature does not exceed an allowable exhaust gas temperature is
achieved by adjusting the opening degree of the bypass valve 31, it is also acceptable to
configure the engine 1 to achieve an intake air quantity with which the exhaust gas

temperature does not exceed an allowable exhaust gas temperature by adjusting the
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opening degree of either the electronically controlled throttle valve 24 or the bypass valve
31.

[0084] The technical concepts of the apparatus that can be achieved with the
embodiment described above will now be explained along with the resulting effects
thereof.

[0085] According to the illustrated embodiment, the apparatus is used in the internal
combustion engine 1, which is configured to achieve a Miller cycle by setting an intake
valve close timing to occur after a bottom dead center. The engine 1 includes the
supercharger 28 that operates in accordance with an operating state of the engine, the
valve timing change mechanism 4 that changes an open timing and a close timing of the
intake valve by driving the actuator (e.g., the plunger 42), and an intake valve close timing
detecting device (e.g., the cam angle sensor 37) that detects a close timing of the intake
valve. When the engine 1 is operating in a supercharging region where the supercharger
28 is driven and a detected value of the intake valve close timing is more advanced than a
target value of the intake valve close timing by at least a prescribed value, an ignition
timing is retarded in comparison with a situation in which the detected value matches the
target value. As aresult, when an intake valve close timing returns toward an initial
position that is more advanced than a target value, an ignition timing is retarded such that
an occurrence of knocking can be prevented.

[0086] In the internal combustion engine 1 described above, the valve timing change
mechanism is configured to set the intake valve close timing to a most advanced position
when a drive device (e.g., the directional control valve 10) serving to drive the actuator
(e.g., the plunger 42), undergoes a failure. As a result, knocking can be prevented when a
failure stops the drive device that drives the actuator (e.g., the plunger 42), from operating
and the intake valve close timing returns toward a most advanced position, i.e., initial
position,

[0087] In the internal combustion engine 1 described above, the prescribed value
corresponds to an advancement amount of the intake valve close timing that would cause
knocking to occur if an internal combustion engine rotational speed was at a lowest usable

rotational speed in the supercharging region. As a result, a reliable countermeasure
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against a failure of the valve timing changing mechanism 4 can be obtained by setting the
prescribed value to a position where a knock sensitivity is highest, and a practical fuel
efficiency can be ensured by allowing some degree of variation of the valve timing
(deviation from the target value).

[0088] In the internal combustion engine 1 described above, retardation of the ignition
timing is applied to a first cylinder whose ignition will occur next after a source cylinder
where the intake valve close timing was detected to be advanced by the prescribed value
or more; a target retardation amount of the ignition timing is determined in accordance
with an internal combustion engine rotational speed and an amount by which a detected
value of the intake valve close timing is advanced in comparison to a target value of the
intake valve close timing; and a target retardation amount of the first cylinder at which
retardation of the ignition timing is to be started is determined in a manner that takes into
account an intake valve close timing advancement amount occurring up to a cylinder
where ignition occurred immediately prior and an intake valve close timing advancement
amount occurring during a period from the cylinder where ignition occurred immediately
prior to the first cylinder at which retardation of the ignition timing is to be started. Asa
result, the ignition timing can be retarded quickly to a desired ignition timing when the
intake valve close timing advances toward an initial value by at least prescribed value due
to a failure of the drive device that drives the actuator.

[0089] In the internal combustion engine 1 described above, a target retardation
amount of an ignition timing of cylinders whose ignition occurs after the first cylinder at
which retardation of the ignition timing was started is determined in accordance with a
rotational speed and a load of the internal combustion engine. As a result, a rapid increase
of an exhaust gas temperature caused by excessive retardation of the ignition timing can
be prevented and the load imposed on the exhaust system can be decreased.

[0090] In the internal combustion engine 1 described above, the target retardation
amount of the ignition timing is set to be smaller when the internal combustion engine
rotational speed is higher. As a result, a rapid increase of an exhaust gas temperature
caused by excessive retardation of the ignition timing can be prevented and the load

imposed on the exhaust system can be decreased.
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[0091] In the internal combustion engine 1 described above, the target retardation
amount of the ignition timing is set to be smaller when the engine load is larger. Asa
result, a rapid increase of an exhaust gas temperature caused by excessive retardation of
the ignition timing can be prevented and the load imposed on the exhaust system can be
decreased.
[0092] In the internal combustion engine 1 described above, if the intake valve close
timing starts returning to a more retarded value after retardation of the ignition timing has
started, then the ignition timing is corrected in accordance with a detected value of the
intake valve close timing. As a result, excessive degradation of the fuel efficiency during
practical use of the engine can be prevented when the intake valve close timing deviates
from the target value by a large amount.
[0093]  In the internal combustion engine 1 described above, an upper limit
supercharge pressure is set in accordance with a detected value of the intake valve close
timing at a first cylinder at which retardation of the ignition timing is to be started and a
supercharge pressure of the supercharger is controlled so as not to exceed the upper limit
supercharge pressure. As a result, a stagnation time of the high-temperature exhaust gas
resulting from the retardation of the ignition timing can be shortened, thus shortening a
response delay of the intake air and enabling the exhaust system to be prevented from
being damaged by high-temperature exhaust gas.

GENERAL INTERPRETATION OF TERMS
[0094] In understanding the scope of the present invention, the term “comprising” and
its derivatives, as used herein, are intended to be open ended terms that specify the
presence of the stated features, elements, components, groups, integers, and/or steps, but
do not exclude the presence of other unstated features, elements, components, groups,
integers and/or steps. The foregoing also applies to words having similar meanings such
as the terms, "“including", "having" and their derivatives. Also, the terms “part,” “section,”
“portion,” “member” or “element” when used in the singular can have the dual meaning of
a single part or a plurality of parts. The term “detect” as used herein to describe an
operation or function carried out by a component, a section, a device or the like includes a

component, a section, a device or the like that does not require physical detection, but
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rather includes determining, measuring, modeling, predicting or computing or the like to
carry out the operation or function. The term “configured” as used herein to describe a
component, section or part of a device includes hardware and/or software that is
constructed and/or programmed to carry out the desired function.

[0095] While only selected embodiments have been chosen to illustrate the present
invention, it will be apparent to those skilled in the art from this disclosure that various
changes and modifications can be made herein without departing from the scope of the
invention as defined in the appended claims. For example, the size, shape, location or
orientation of the various components can be changed as needed and/or desired.
Components that are shown directly connected or contacting each other can have
intermediate structures disposed between them. The functions of one element can be
performed by two, and vice versa. The structures and functions of one embodiment can be
adopted in another embodiment. It is not necessary for all advantages to be present in a
particular embodiment at the same time. Every feature which is unique from the prior art,
alone or in combination with other features, also should be considered a separate
description of further inventions by the applicant, including the structural and/or
functional concepts embodied by such feature(s). Thus, the foregoing descriptions of the
embodiments according to the present invention are provided for illustration only, and not
for the purpose of limiting the invention as defined by the appended claims and their

equivalents.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

an internal combustion engine that achieves a Miller cycle by setting an intake
valve close timing to occur after a bottom dead center timing;

an ignition device that ignites an air-fuel mixture inside a combustion chamber of
the internal combustion engine,

a valve timing changing mechanism including an actuator that is driven to change
an open timing and a close timing of an intake valve,

an intake valve close timing detecting device that detects a close timing of the
intake valve;

a supercharger that supercharges intake air inducted into the internal combustion
engine; and

a controller that controls an ignition timing of the ignition device, the open timing
of the intake valve and the close timing of the intake valve,

the controller performs an ignition timing retardation control that retards the
ignition timing when the supercharger is supercharging and a detected value of the intake
valve close timing detected by the intake valve close timing detecting device is earlier than
a target value of the intake valve close timing by at least a prescribed value in comparison
with a situation in which the detected value of the intake valve close timing matches the

target value of the intake valve close timing.

2. The apparatus as set forth in claim 1, wherein
the valve timing changing mechanism advances the intake valve close timing when
the actuator fails as compared to a target intake valve close timing for when the actuator is

operating normally.

3. The apparatus as set forth in claim 1, wherein
the controller sets the prescribed value to a value corresponding to a difference
between a target value ignition timing prior to ignition timing retardation control and a

most retarded ignition timing at which knocking would occur if the internal combustion
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engine was operating at a lowest engine rotational speed within an operating region of the

internal combustion engine where the supercharger is operated.

4. The apparatus as set forth in claim 1, wherein

during the ignition timing retardation control, the controller retards the ignition
timing of a first cylinder whose ignition occurs in a firing order immediately after a source
cylinder where the detected value of the intake valve close timing was earlier than the

target value of the intake valve close timing by at least the prescribed value.

5. The apparatus as set forth in claim 4, wherein

the controller calculates an intake valve close timing advancement amount that is
an amount by which the target value of the intake valve close timing differs from the
detected value of the intake valve close timing; and

the controller sets the ignition timing in accordance with a rotational speed of the

internal combustion engine and the intake valve close timing advancement amount.

6. The apparatus as set forth in claim 5, wherein
the controller determines the ignition timing of the first cylinder where the ignition
timing will be retarded based on:
the intake valve close timing of the source cylinder where ignition occurred
immediately prior to the ignition of the first cylinder, and
a change amount by which the intake valve close timing will change during a
period spanning from when the ignition occurred at the source cylinder to

when ignition occurs at the first cylinder.

7. The apparatus as set forth in claim 6, wherein

the controller determines an ignition timing of a second cylinder where ignition
occurs next in a firing order after the first cylinder where retardation of the ignition timing
was started in accordance with an engine rotational speed and an engine load of the

internal combustion engine.
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8. The apparatus as set forth in claim 5, wherein

the controller sets a target retardation amount of the ignition timing to be earlier
when an engine rotational speed of the internal combustion engine is higher, and

the controller sets a target retardation amount of the ignition timing to be earlier

when an engine load of the internal combustion engine is larger.

9. The apparatus as set forth in claim 5, wherein

the controller set the ignition timing based on a target retardation amount, which
corresponds to a difference between an ignition timing for when the detected value of the
intake valve close timing matches the target value of the intake valve close timing and an
ignition timing to be obtained by retarding the ignition timing;

the controller sets the target retardation amount of the ignition timing to become
smaller as an engine rotational speed of the internal combustion engine becomes higher;
and

the controller sets the target retardation amount of the ignition timing to become

smaller when an engine load of the internal combustion engine becomes larger.

10.  The apparatus as set forth in claim 1, wherein

the controller sets the ignition timing in accordance with the detected value of the
intake valve close timing upon determining the intake valve close timing has started to
return to a more retarded value after the controller has started retardation of the ignition

timing.

11.  The apparatus as set forth in claim 1, wherein

the controller sets an upper limit supercharge pressure for the supercharger in
accordance with the detected value of the intake valve close timing; and

the controller controls a supercharge pressure of the supercharge pressure such that
the supercharge pressure does not exceed the upper limit supercharge pressure when the

controller is retarding the ignition timing,
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12.  An engine control method comprising:

operating an internal combustion engine to achieve a Miller cycle by controlling an
actuator of a valve timing changing mechanism to change an open timing and a close
timing of an intake valve such that the intake valve close timing to occur after a bottom
dead center timing;

selectively supercharging intake air inducted into the internal combustion engine;
and

retarding the ignition timing during supercharging and when a detected value of
the intake valve close timing is earlier than a target value of the intake valve close timing
by at least a prescribed value in comparison with a situation in which the detected value of

the intake valve close timing matches the target value of the intake valve close timing.
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