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(57) Abrege(suite)/Abstract(continued):

arranged thereln; valve actuators for openably operating the intake valves |V and exhaust valves EV, respectively; and a cylinder
head cover forming, In combination with the cylinder head, a valve actuator chamber with the valve actuators accommodated
therein, at least some of the valve actuators being deactivatable to disable their corresponding cylinders; wherein the multicylinder
Internal combustion engine Is a V-shaped Iinternal combustion engine provided with a front bank Bf and rear bank Br, and the
cylinders on opposite ends In a direction of a crankshaft are set as full-time operating cylinders.
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ABSTRACT OF THE DISCLOSURE

To provide a multicylinder internal combustion engine, which can simplify its
control and is advantageous against thermal loads or vibrations. A
multicylinder internal combustion engine including: a cylinder head with
intake valves IV and exhaust valves EV arranged therein; valve actuators for
openably operating the intake valves IV and exhaust valves EV, respectively;
and a cylinder head cover forming, in combination with the cylinder head, a
valve actuator chamber with the valve actuators accommodated therein, at
least some of the valve actuators being deactivatable to disable their
corresponding cylinders; wherein the multicylinder internal combustion
engine is a V-shaped internal combustion engine provided with a front bank
Bf and rear bank Br, and the cylinders on opposite ends in a direction of a
crankshaft are set as full-time operating cylinders.
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MULTICYLINDER INTERNAL COMBUSTION ENGINE

FIELD OF THE INVENTION

This invention relates to a multicylinder internal combustion engine, especially to
a cylinder-deactivatable, multicylinder internal combustion engine.

BACKGROUND OF THE INVENTION

For example, inline 4-cylinder engines include those capable of deactivating four
engine valves, which each cylinder is provided with, selectively in combinations
of one intake and exhaust valves and the other intake and exhaust valves. By
providing an engine with a function that can selectively deactivate engine valves
as mentioned above, the operation of the engine can be controlled in four
patterns consisting in combination of a case that the intake and exhaust valve
combinations are both closed, cases that the one intake and exhaust valve

combination is closed and the other intake and exhaust valve combination is
closed, respectively, and a case that the intake and exhaust valve combinations
are both operated, all for each cylinder. See for example, Japanese Patent Laid-

open No. 2004-293379

The above-described conventional 4-cylinder engine is, however, accompanied
by a problem in that its control becomes complex, because the four patterns of
cylinder operation state exist and the deactivation state of the intake and exhaust
valves in each cylinder exists in two patterns, one being the case that all of the
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intake and exhaust valves are disabled, and the other the case that some of the
intake and exhaust valves are disabled.

An object of the present invention is, therefore, to provide a multicylinder
internal combustion engine, which can simplify its control and is advantageous
against thermal loads or vibrations.

SUMMARY OF THE INVENTION

To achieve the above-described object, the invention is characterized in that, in a
multicylinder internal combustion engine provided with a cylinder head with
engine valves arranged therein, valve actuators for openably operating the
engine valves, respectively, and a cylinder head cover forming, in combination
with the cylinder head, a valve actuator chamber with the valve actuators
accommodated therein, at least some of the valve actuators being deactivatable
to disable their corresponding cylinders, the internal combustion engine is a V-
shaped internal combustion engine provided with a front bank and rear bank,
and the cylinders on opposite ends in a direction of a crankshaft are set as full-
time operating cylinders.

Owing to the construction as described above, the full-time operating cylinders
that their valves are not disabled are arranged. By disabling the valve actuators
to deactivate all the engine valves, the cylinders are disabled so that the control
can be simplified. Further, the full-time operating cylinders to which large
thermal loads are applied are arranged on the laterally opposite end sides in the
direction of the crankshaft, where the cylinders are readily exposed to running
wind, so that the full-time operating cylinders can be effectively cooled by
running wind.

An aspect of the invention is characterized in that the cylinders located at

laterally opposite ends in the front bank are set as full-time operating cylinders,
and the cylinders in the rear bank are set as deactivatable cylinders.

WH-13211/cs



10

15

20

25

30

CA 02603483 2007-09-19

Owing to the construction as described above, the full-time operating cylinders
to which large thermal loads are applied can be effectively cooled by running
wind in the more forward side.

Another aspect of the invention is characterized in that the V-type internal
combustion engine is to be mounted on a motorcycle.

Owing to the construction as described above, the full-time operating cylinders
on the opposite end sides of the crankshaft or on the side of the front bank, said
full-time operating cylinders being exposed to large thermal loads, can be
effectively cooled by running wind in the motorcycle in which the internal
combustion engine is exposed to the outside.

When the cylinders in the front bank are arranged on the opposite end sides of
the crankshaft, running wind can be made flowable rearwards from a central
part of the front bank so that the running wind is also allowed to flow to the
cylinders in the rear bank located rearward.

A further aspect of the invention is characterized in that, in a multicylinder
internal combustion engine provided with a cylinder head with engine valves
arranged therein, valve actuators for openably operating the engine valves,
respectively, and a cylinder head cover forming, in combination with the
cylinder head, a valve actuator chamber with the valve actuators accommodated
therein, at least some of the valve actuators being deactivatable to disable their
corresponding cylinders, the internal combustion engine is a V-shaped internal
combustion engine provided with a front bank and rear bank, the cylinders on
opposite ends in a direction of a crankshaft in the front bank are set as the
deactivatable cylinders, and the cylinders in the rear bank are set as full-time
operating cylinders.

Owing to the construction as described above, the full-time operating cylinders
that their valves are not disabled are arranged. By disabling the valve actuators
to deactivate all the engine valves, the cylinders are disabled so that their control
can be simplified. By setting as full-time operating cylinders the cylinders
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arranged closer to an inner side of the crankshaft, vibrations can be kept low
even when one of the opposite end cylinders in the front bank is disabled.

Yet another aspect of the invention is characterized in that the internal
combustion engine is a V-shaped 4-cylinder internal combustion engine, and a
number of operating cylinders is selectively changeable in three patterns.

Owing to the construction as described above, the number of operating cylinders
is limited to three patterns so that the control can be simplified.

A further aspect of the invention is characterized in that, in a multicylinder
internal combustion engine provided with a cylinder head with engine valves
arranged therein, valve actuators for openably operating the engine valves,
respectively, and a cylinder head cover forming, in combination with the
cylinder head, a valve actuator chamber with the valve actuators accommodated
therein, at least some of the valve actuators being deactivatable to disable their
corresponding cylinders, the internal combustion engine is an inline internal
combustion engine, the two cylinders at a central part in a longitudinal direction
of a crankshaft are constructed as full-time operating cylinders that are fired at
equal intervals, the cylinders on opposite end sides of the crankshaft are
constructed as deactivatable cylinders, respectively, and an operation mode of
the inline internal combustion engine is selectively changeable to one of
operation modes consisting of an operation mode in which one of the
deactivatable cylinders on the opposite end sides of the crankshaft is disabled,
another operation mode in which both of the deactivatable cylinders are
disabled, and a further operation mode in which both of the deactivatable
cylinders are operated.

Owing to the construction as described above, the full-time operating cylinders
that their valves are not disabled are arranged. By disabling the valve actuators
to deactivate all the engine valves, the cylinders are disabled so that their control
can be simplified. As the two cylinders at the central part in the longitudinal
direction of the crankshaft are constructed as full-time operating cylinders and
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are set to are fired at equal intervals, vibrations can be kept low even when one
of the cylinders on the opposite end sides of the crankshaft is disabled.

Yet another aspect of the invention is characterized in that the internal
combustion engine is an inline 4-cylinder internal combustion engine.

Owing to the construction as described above, the two cylinders at the central
part are constructed as full-time operating cylinders and are set to are fired at
equal intervals. Vibrations can be kept low even when one of the deactivatable
cylinders on the opposite end sides is disabled.

A further aspect of the invention is characterized in that the deactivatable
cylinders are the cylinders located on the opposite end sides of the crankshaft.

Owing to the construction as described above, the cylinders located on the
opposite end sides of the crankshaft are set as deactivatable cylinders by
adopting the vibrationally-balanced arrangement that firing is performed at
equal intervals in the central part.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are shown in the drawings, wherein:

FIG. 11s a side view of a V-type 4-cylinder engine according to an embodiment of

the present invention.
FIG. 2 is a schematic plan view of the embodiment of the present invention.
FIG. 3 is a side view of a crankshaft in the embodiment of the present invention.

FIG. 4 is a side view of a cylinder head in the embodiment of the present

invention.

FIG. 5 1s a system diagram of the embodiment of the present invention.
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FIG. 6 is a flow diagram of the embodiment of the present invention.
FIG. 7 is a graphic diagram of the embodiment of the present invention.

FIG. 8 are plan views schematically illustrating operation modes of the
embodiment of the present invention.

FIG. 9 are plan views schematically illustrating operation modes of a second
embodiment of the present invention.

FIG.10 are plan views schematically illustrating operation modes of a third
embodiment of the present invention.

FIG. 11 is a plan view of throttle bodies in the third embodiment of the present
invention.

FIG. 12 1s a plan view of one of the throttle bodies in the third embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will next be described based on drawings.

As 1llustrated in FIG. 1 and FIG. 2, a four-stroke cycle DOHC engine 1 to be
mounted on a motorcycle (not shown) is a laterally-mounted, V-type 4-cylinder
engine that a crankshaft 2 is arranged along a lateral direction and a front bank
Bf, which is a train of two cylinders on a front side, and a rear bank Bf, which is a
train of two cylinders on a rear side, define a contained angle of approximately
72 degrees in a front-to-rear direction. It is to be noted that sign Fr indicates a
forward side of the vehicle. Each cylinder is equipped with two intake valves IV
and two exhaust valves EV to be described subsequently herein. The engine 1 is
provided with a cylinder block 3, a crankcase 4 mounted integrally on a lower
wall of the cylinder block 3, a cylinder head 5 mounted on an upper part of the
cylinder train on the front side of the cylinder block 3, a cylinder head 6 mounted
on an upper part of the cylinder train on the rear side of the cylinder block, and
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cylinder head covers 7, 8 covering these cylinder heads 5, 6. The intake valves IV
and exhaust valves EV are arranged in the respective cylinder heads 5, 6, and
between the cylinder heads 5, 6 and cylinder head covers 7, 8, valve actuator
chambers are formed to accommodate valve actuators 33 to be described
subsequently herein. An opening 9 is formed through the front bank Bf at a
central part thereof in the direction of the crankshaft, so that by allowing air to
enter through the opening 9, running wind flows toward the rear bank Br.

On a rear part of the front bank Bf, upwardly-extending intake manifolds 10 are
arranged corresponding to the respective cylinders, and throttle bodies 11 are
attached to the respective intake manifolds 10. On a front part of the rear bank
Br, upwardly-extending intake manifolds 10 are also arranged corresponding to
the respective intake manifolds 10, and throttle bodies 13 are attached to the
respective intake manifolds 10.

Within the respective throttle bodies 11, 13, butterfly throttle valves 14 are
arranged openably and closably. To exhaust manifolds 12 of the respective
cylinder heads 5, 6, exhaust pipes (not shown) are connected. Each throttle valve
14 is of the so-called electronic throttle control type that in accordance with a
throttle grip opening degree 0g (degrees), in other words, an acceleration intent
or the like of the operator, it is operated to open or close in association with a
motor. In addition, a throttle valve opening sensor S which detects a throttle
valve opening degree TH is arranged in association with each throttle valve 14 to

permit detection of an accurate rotation angle of the throttle valve 14 driven by
the motor (see FIG. 5).

To shafts 15, 15 of the respective throttle valves 14, 14 in the front bank Bf, a
motor 16, provided between the shafts 15, 15, is connected via a speed reduction
mechanism 17 to drive both of the shafts 15, 15 at the same time. Therefore, the
respective throttle valves 14 are simultaneously operated to open or close by the
single motor 16. Further, opening degrees of both of the throttle valves 14, 14 are
detected by throttle valve opening degree sensor S arranged on the shaft 15.
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To shafts 15, 15 of the respective throttle valves 14, 14 in the rear bank Br, motors
16, 16 are connected via speed reduction mechanisms 17, 17, respectively.
Opening degrees of the individual throttle valves 14 are detected by throttle
valve opening degree sensors S arranged for the respective throttle valves 14. In
rear walls of the respective throttle bodies 11 in the front bank Bf, injectors 18 are
obliquely inserted and fixed toward the cylinder heads 5 to inject fuel into the
intake manifolds 10. In front walls of the respective throttle bodies 13 in the rear
bank Br, injectors 18 of similar construction are also inserted and fixed obliquely
toward the cylinder heads 6.

As depicted in FIG. 3, the crankshaft 2 is provided with crankpins 2a, 2b phase
shifted over approximately 180 degrees. Two connecting rods 19, 19 are
supported on the crank pin 2a, and two connecting rods 19, 19 are supported on
the crank pin 2b. Cylinders with these pistons 20 accommodated therein are
arranged as the cylinder #1, cylinder #2, cylinder #3 and cylinder #4 in this order
from the left side in FIG. 3 (the left side of a vehicle body). In this V-type 4-
cylinder engine, the left side and right side of the front bank Bf are, therefore, the
cylinder #1 and the cylinder #4, respectively, and the left side and right side of
the rear bank Br are, therefore, the cylinder #2 and the cylinder #3, respectively.

A description will next be made about the firing order of the cylinders when all
the cylinders are operated. When the cylinder #1 is fired in the front bank Bf, the
cylinder #3 is fired 104 degrees after that, the cylinder #4 is then fired 256 degrees
after, the #2 cylinder is finally fired 104 degrees after, and 256 degrees after, the
cylinder #1 is fired again.

Accordingly, the cylinder #1 and cylinder #4 are ignited at equal intervals, and
the cylinder #2 and cylinder #3 are also ignited at equal intervals.

Each cylinder is provided with two intake valves IV and two exhaust valves EV.
The cylinder #1 and cylinder #4 are constructed as full-time operating cylinders,
while the cylinder #2 and cylinder #3 are constructed as deactivatable cylinders.
Therefore, as illustrated in FIG. 1, the engine valves for the cylinder #1 (also for
the cylinder #4) consist of two combinations of full-time on/off operating, intake
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valves IV and exhaust valves EV, and the engine valves for the cylinder #2 (also
for the cylinder #3) consist of two combinations of intake valves IV and exhaust
valves EV provided with valve-deactivating mechanisms to be described
subsequently.

A description will hereinafter be made taking as an example the cylinder #2
equipped with a valve-deactivating mechanism. It is to be noted that the
description will be made centering around the intake valve IV and exhaust valve
EV arranged on a diagonal line of the cylinder #2. Accordingly, a description
about the intake valve IV and exhaust valve EV of similar constructions arranged
on the other diagonal line is omitted. A description about the cylinder #1 and
cylinder #4, which are ordinary cylinders equipped with the intake valves IV and
exhaust valves EV provided with no valve-deactivating mechanisms, is also
omitted.

The cylinder head 6 of the cylinder #2 has a concave part 22, which forms a
combustion chamber 21 in combination with the cylinder block 3 and piston 20.
In the concave part 22, two intake valve openings 23 and two exhaust valve
openings 24 are formed. The intake valve openings 23 are opened and closed by
the intake valves IV, while the exhaust valve openings 24 are opened and closed
by the exhaust valves EV. It is to be noted that the intake valves IV and exhaust
valves EV all have a deactivatable construction.

Each intake valve 1V is formed of a valve head 25, which can close its
corresponding intake valve opening 23, and a valve stem 26 a basal end of which
is arranged integrally and in continuation with the valve head 25. Each exhaust
valve EV is constructed of a valve head 27, which can close its corresponding
exhaust valve opening 24, and a valve stem 28 a basal end of which is arranged
integrally and in continuation with the valve head 27.

The valve stem 26 of the intake valve IV is slidably fitted in a guide cylinder 29

arranged in the cylinder head 5. The valve stem 28 of the exhaust valve EV is
slidably fitted in a guide cylinder 30 arranged in the cylinder head 5.
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A retainer 31 is fixedly secured on a portion of the valve stem 26 for the intake
valve 1V, the portion extending upwardly from the guide cylinder 29, and by a
coil-shaped valve spring 32 arranged between the retainer 31 and the cylinder
head 6, the intake valve IV is biased in a direction that the intake valve opening
23 is closed.

Similarly, by a coil-shaped valve spring 32 arranged between a retainer 31 fixedly
secured on the valve stem 28 for the exhaust valve EV and the cylinder head 6,
the exhaust valve EV is biased in a direction that the exhaust valve opening 24 is
closed.

The intake valve IV for each combustion chamber 21 is operated to open and
close by the valve actuator 33. This valve actuator 33 has a camshaft 35 with a
valve cam 34 arranged corresponding to the associated intake valve IV, and is
also equipped with a closed-bottom, cylindrical valve lifter 36 slidably driven by
the valve cam 34. The exhaust valves EV and intake valves IV are all operated to
open or close by their corresponding valve actuators 33 of a similar construction.
Each valve actuator 33 has a camshaft 35, on which a valve cam 34 corresponding
to the exhaust valve EV is arranged, and is also provided with a closed-bottom
cylindrical valve lifter 36 slidably driven by the valve cam 34.

The camshaft 35 has an axis line orthogonal to an extension of an axis line of the
valve stem 26 of the intake valve IV, and is rotatably supported between the
cylinder head 6 and the cylinder head cover 8 connected to the cylinder head 6.
In the cylinder head 6, the valve lifter 36 is slidably fitted in a direction coaxial
with the axis line of the valve stem 26 of the intake valve IV, and the valve lifer
36 is in sliding contact on an outer wall of its closed end with the valve cam 34.

Arranged between the valve stem 26 of the intake valve IV and the valve lifter 36

is a valve deactivating mechanism 37, which can selectively set an application or
non-application of pressing force in a valve-opening direction from the valve
lifter 36 to the intake valve IV, and in a particular operation range of the engine 1,
for example, in a low load range such as a low-speed operation range, pressing
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force is controlled in a non-applied state so that the intake valve IV is maintained
in a disabled state irrespective a sliding motion of the valve lifter 36.

Similar to the camshaft 35 on the side of the intake valve IV, the camshaft 35 on
the side of the exhaust valve EV also has an axis line orthogonal to an extension
of an axis line of the valve stem 28 of the exhaust valve EV, and is rotatably
supported between the cylinder head 6 and the cylinder head cover 8 connected
to the cylinder head 6. In the cylinder head 6, the valve lifter 36 is slidably fitted
in a direction coaxial with the axis line of the valve stem 28 of the exhaust valve
EV, and the valve lifer 36 is in sliding contact on an outer wall of its closed end
with the valve cam 34.

Arranged between the valve stem 28 of the exhaust valve EV and the valve lifter
36 is a valve deactivating mechanism 37, which can selectively set an application
or non-application of pressing force in a valve-opening direction from the valve
lifter 36 to the exhaust valve EV, and in a particular operation range of the engine
1, for example, in a low load range such as the low-speed operation range,
pressing force is controlled in a non-applied state so that the exhaust valve EV is
maintained in a disabled state irrespective a sliding motion of the valve lifter 36.

Taking the side of the intake valve IV as an example, a description will next be
made about the valve deactivating mechanism 37.

The valve deactivating mechanism 37 is provided with a pin holder 40, which is
fitted in the valve lifter 36 and is slidable in an axial direction. It is to be noted
that between the pin holder 40 and the cylinder head 6, a valve spring 38 is
arranged to bias the pin holder 40 in an upward direction. The pin holder 40 has
an insertion hole with the valve stem 26 inserted therethrough and a slide hole
orthogonal to the insertion hole. Through the slide hole, a slide pin 41 is slidably
inserted. The slide pin 41 is biased at an end thereof by a return spring 42, and at
an opposite end of the slide pin 41, a hydraulic pressure chamber 43 is formed
and the slide pin 41 is maintained in contact with a stopper pin 44 arranged in
the hydraulic pressure chamber 43.
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Through the slide pin 41, a receiving bore 45 is formed such that it is coaxially in
communication with the insert hole of the pin holder 40 in a state that the slide
pin 41 is biased by the return spring 42 and is in contact with the stopper pin 44
and in a stopped state. To the hydraulic pressure chamber 43 in the slide hole of
the pin holder 40, an oilway 46 in the cylinder head 6 communicates.

At the time of non-operation that the hydraulic pressure acting on the slide pin
41 is low, the slide pin 41 comes into contact with the stopper pin 44 and stops
under the biasing force of the return spring 42, so that an upper end portion of
the valve stem 26 inserted in the insert hole of the pin holder 40 is in a state ready
to be received in the receiving bore 45. Even when the valve lifter 36 is pressed
downwardly together with the pin holder 40 as a result of a rotation of the valve
cam 34, the upper end portion of the valve stem 26 is, therefore, received in the
receiving bore 45 so that no pressing force acts on the intake valve 1V to maintain
it in a disabled state that a valve-closed state is maintained.

At the time of operation that the hydraulic pressure acting on the slide pin 41 is
high, on the other hand, the slide pin 41 slides against the biasing force of the
return spring 42 under the pressure oil and closes the opening of the insert hole
of the pin holder 40. The upper end portion of the valve stem 26 inserted in the
insert hole, therefore, comes into contact with the slide pin 41. When the valve
lifter 36 is pressed downwardly together with the pin holder 40 as a result of a
rotation of the valve cam 34, pressing force, hence, acts on the intake valve IV via
the slide pin 41 to open the intake manifold 10, and the intake valve IV is
operated on and off in accordance with reciprocations of the valve lifter 36.

Other valve deactivating mechanisms 37 similar to those described above are
also arranged likewise for the exhaust valves EV. At the time of cylinder
deactivation, all the valve deactivating mechanisms 37 operate, and all the four
valves, that is, the intake valves IV and exhaust valves EV close the intake
manifolds 10 and exhaust manifolds 12. It is to be noted that the cylinder #3 is
provided with the same valve deactivating mechanism 37 as the cylinder #2.
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Upon disabling any cylinder by its corresponding valve deactivating mechanism
37, there is performed so-called “fuel cutoff” that the feeding of fuel from the
injector 18 is stopped, and the throttle valve 14 is brought into a fully-closed
position via the motor 16 and speed reduction mechanism 17.

Therefore, the cylinder #1 and cylinder #4 which constitute the front bank Bf of
the engine 1 both become full-time operating cylinders that none of their engine
valves are disabled. On the other hand, the cylinder #2 and cylinder #3 which
constitute the rear bank Br become deactivatable cylinders that the respective
valve deactivating mechanisms 37 disable the intake valves IV and exhaust
valves EV of the respective cylinders and all the engine valves are hence
deactivated to disable the cylinders.

As depicted in FIG. 2, the respective cylinder heads 5, 6 are provided on their
side walls on the sides of the cylinder #4 and cylinder #3 with cam chain cases 50,
respectively.  Within these cam chain cases 50, there are accommodated
unillustrated cam chains for driving the camshafts 35, 35 in the intake-side and
discharge-side valve actuators 33, 33 respectively. On an upper part of the
cylinder head cover 8 in the rear bank Br, hydraulic control valves 51, 51 are
mounted to feed working oil under control to the valve deactivating mechanisms
37, 37 in the intake-side and discharge-side valve actuators 33, 33, respectively.

As shown in FIG. 5 by taking the intake side as an example, working oil stored in
an oil pan 52 is fed to the hydraulic control valve 51 on the intake side (similarly
to the exhaust side too). A main oilway 54 with a pump 53 arranged thereon is
connected to the oil pan 52, and on a delivery side of the pump 53, a branch
channel 55 to be connected to the hydraulic control valves 51, 51 branches out
from the main oilway 54. Further, the working oil can be recovered into the oil

pan 52 from a drain channel 56 via drain ports of the hydraulic control valves 51,
51.

Control of the hydraulic control valve 51, 51 is performed at ECU 61, which is an
electronic control unit, on a basis of a throttle grip opening degree (hand throttle
rotation) 0g, an engine speed NE (rpm), a detection signal from a deactivation
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discriminating magnetic sensor 60, and the like. This deactivation discriminating
magnetic sensor 60 is a sensor, which detects a distance from the deactivation
discriminating magnetic sensor 60 to a wall portion of the slide pin 41, is
equipped with a magnet and a coil, and by detecting the distance from a change
in magnetic flux that occurs when the metal-made slide pin 41 moves,
discriminates whether or not the cylinder is disabled.

To optimally set a throttle valve opening degree TH on the basis of a detection
value from the throttle grip opening degree sensor G or the like, ECU 61 outputs
a drive control signal to the corresponding motor 16 to control the throttle valve
14 while detecting the throttle valve opening degree TH by the throttle valve
opening degree sensor S. Further, the injection quantity of fuel at the injector 18
is controlled based on a control signal from ECU 61. As described above, ECU 61
is provided with the means for switching the hydraulic control valves 51, 51, the
means for controlling throttle valve openings TH and the means for controlling
the injection quantities of fuel.

Based on a flow chart of FIG. 6, a description will next be made about cylinder
deactivation control performed by ECU 61.

Firstly, it is determined in step S1 whether or not a throttle grip opening degree
Og detected based on a detection signal from the throttle grip opening degree
sensor G is smaller than a predetermined value a (o = approximately 18 degrees).
When the throttle grip opening degree 0g is smaller than the predetermined
value o as a result of the determination in step 51, the routine advances to step
S2. When the throttle grip opening degree 0g is equal to or greater than
predetermined value o, on the other hand, the routine advances to step 53.

In step S2, it is determined whether or not an engine speed NE is lower than a
predetermined value NE1 (NE1 = 7,000 rpm). When the engine speed NE is
lower than the predetermined value NE1 as a result of the determination in step
S2, the routine advances to step S6, operation is performed in a 2-cylinder/4-
valve mode (see FIG. 7 and FIG. 8(a)), and the processing is ended. It is to be
noted that in FIG. 8, hatching indicates engine valves in a disabled state (the

WH-13211/cs



10

15

20

25

30

CA 02603483 2007-09-19

~15 -

same shall apply equally to FIG. 9 and FIG. 10). This cylinder deactivation
control is used in low-load ranges such as take-off, idling and cruising.

Namely, when the throttle grip opening degree 0g representing the operator’s
intent of an acceleration is small and the engine speed NE is also small, the
motorcycle is ridden by disabling all the engine valves with respect to the
cylinder #2 and cylinder #3, which are deactivatable cylinders in the rear bank Br,
and operating only the cylinder #1 and cylinder #4 as the full-time operating
cylinders in the front bank Bf.

When the engine speed NE is equal to or higher than the predetermined value
NE1 as a result of the determination in step 52, on the other hand, the routine
advances to step S7 to perform operation in a 4-cylinder/4-valve mode (see FIG. 7
and FIG. 8(c)), and the processing is ended.

Namely, insofar as the engine speed NE is high (even when the throttle grip
opening degree Og is small), operation is performed in the 4-cylinder/4-valve
mode to operate the deactivatable cylinder #2 and cylinder #3 in the rear bank Br
such that the current engine speed NE can be maintained by the cylinder #2 and
cylinder #3 in combination with the cylinder #1 and cylinder #4 as full-time
operating cylinders in the front bank Bf.

In step S3, it is determined whether or not the throttle grip opening degree 0g is
smaller than a predetermined value B ( = approximately 35 degrees). When the
throttle grip opening degree 6g is smaller than the predetermined value [ as a
result of the determination in step S3, the routine advances to step S4. When the
throttle grip opening degree 6g is equal to or greater than the predetermined
value B, on the other hand, the routine advances to step 57.

In step 54, it is determined whether or not the engine speed NE is lower than the
predetermined value NE1 (NE1 = 7,000 rpm). When the engine speed NE is
lower than the predetermined value NE1 as a result of the determination in step
54, the routine advances to step S5 to perform operation in a 3-cylinder/4-valve
mode (see FIG. 7 and FIG. 8(b)), and the processing is ended. When the engine
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speed NE is equal to or higher than the predetermined value NE1 as a result of
the determination in step S4, on the other hand, the routine advances to step 57.

Namely, in a range that the throttle grip opening degree Og is in a range of from
the predetermined value a to the predetermined value B and the engine speed
NE is lower than the predetermined value NEI, the operator’s intent of an
acceleration is not very strong but the running speed is need to be retained at a
certain level. Accordingly, one of the deactivatable cylinder is operated and the
other deactivatable cylinder is disabled, thereby making it possible to improve
the fuel economy and to heighten the commercial value. Described specifically,
in the 3-cylinder/4-valve mode, operation is performed with the left-side cylinder
#2 in the rear bank Br being disabled and with the cylinder #3 in the rear bank Br
being operated.

Upon changing to the 3-cylinder/4-valve mode in step S5, the 2-cylinder/4-valve
mode in step S6 or the 4-cylinder/4-valve mode in step S7, it is determined
whether or nor the preceding mode was the same mode. When it was the same
mode, the operation is performed in the same mode. When the preceding mode
was different from the current mode, the mode is changed to the current mode
after changing processing is gradually performed. Described specifically, when
changing to a mode that the number of operating cylinders is decreased,
processing is performed to gradually close the throttle valve 14 via the motor 16
for the cylinder to be disabled, and then, the intake and exhaust valves IV, EV are
brought into disabled states from operating states, respectively. When changing
to a mode that the number of cylinders to be operated increases, on the other
hand, processing is performed to gradually open the throttle valve 14 via the
motor 16 for the cylinder to be operated, and then, the intake and exhaust valves
IV, EV are brought into operating states from disabled states, respectively.

According to this embodiment, when the cylinder #1 and cylinder #4 in the front
bank Bf are set as full-time operating cylinders that their intake and exhaust
valves IV, EV are not disabled, the cylinder #2 and cylinder #3 in the rear bank Br
are set as deactivatable cylinders, and the cylinder #2 and cylinder #3 are
disabled, the four intake and exhaust valves IV, EV for each cylinder are all
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disabled and there is no mode that the four intake and exhaust valves IV, EV for
each cylinder are disabled in part. Accordingly, the control can be simplified, the
processing load of ECU 61 can be reduced, and the operation can be promptly
switched.

Further, the cylinder #1 and cylinder #4, which are full-time operation cylinders
subjected to large thermal loads, can be arranged on the laterally-opposite end
sides in the direction of the crankshaft to effectively cool them by running wind.
The engine can, therefore, be cooled effectively.

By setting the cylinder #1 and cylinder #4, which are located in the front bank Bf
and on laterally-opposite end sides, as full-time operating cylinders and setting
the cylinder #2 and cylinder #3 in the rear bank Br as deactivatable cylinders, the
cylinder #1 and cylinder #4 to which large thermal loads are applied can be
effectively cooled by running wind on a more forward side, and therefore, the
engine 1 can be effectively cooled.

In particular, this V-type 4-cylinder engine 1 is mounted on the motor cycle
exposed to the outside. The cylinder #1 and cylinder #4, which are arranged on
laterally-opposite end sides of the crankshaft 2 and in the front bank Bf, can
hence be effectively cooled by running wind.

Further, the opening 9 is arranged in the central part of the front bank Bf
arranged on the laterally-opposite end sides of the crankshaft 2, in other words,
between the cylinder #1 and the cylinder #4. Accordingly, running wind is
allowed to flow rearwards from the opening 9, and the running wind is also
allowed to flow to the cylinder #2 and cylinder #3 in the rear bank Br located
rearward. Itis, therefore, possible to cool the engine 1 still more etfectively.

When the above-mentioned V-type 4-cylinder engine 1 is operated, the pattern of
the number of operating cylinders is limited to the three kinds as shown in FIG. 8
and does not adopt, for example, such a pattern that in the deactivatable
cylinders, some of the intake and exhaust valves 1V, EV are disabled. The control
can, therefore, be simplified. Accordingly, operation can be promptly switched
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to each of the modes. By gradually effecting a change upon changing operation
of each mode, variations in the output of the engine 1 can be reduced to permit a
smooth change.

It is only necessary to arrange the three motors 16, the three speed reduction
mechanisms 17, and the three throttle valve opening degree sensors S.
Accordingly, the number of parts can be reduced to achieve a cost reduction.

A second embodiment of the present invention will next be described based on
FIG. 9 while also making reterence to FIG. 1.

Similarly to the first embodiment, this second embodiment is also directed to a V-
type 4-cylinder engine 1’ provided with cylinder heads 5, 6 with intake and
exhaust vales IV, EV arranged therein, valve actuators 33 for openably operating
the intake and exhaust valves IV, EV, respectively, and cylinder head covers 7, 8
forming, in combination with the cylinder heads 5, 6, a valve actuator chamber
with the valve actuators 33 accommodated therein, at least some of the valve
actuators 33 being deactivatable to disable their corresponding cylinders. The V-
type 4-cylinder engine 1’ is provided with a front bank Bf and rear bank Br. The
cylinders on opposite ends in a direction of a crankshaft 2 are set as the
deactivatable cylinders in the front bank Bf, and full-time operating cylinders are
set in the rear bank Br.

Described specifically, the cylinder #1 and cylinder #4 are arranged in the front
bank Bf, while the cylinder #2 and cylinder #3 are arranged in the rear bank Br.
The cylinder #1 and cylinder #4 in the front bank Bf are deactivatable cylinders,
and the cylinder #2 and cylinder #3 in the rear bank Br are set as full-time
operating cylinders. Each cylinder is of the 4-valve type that the intake valves IV
and exhaust valves EV are arranged in two combinations. The cylinder #1 and
cylinder #4 as deactivatable cylinders are provided with valve deactivating
mechanisms 37, but the cylinder #2 and cylinder #3 as full-time operating
cylinders are provided with no valve deactivating mechanisms 37. Further, the
cylinder #1 and cylinder #4, which are provided with the valve deactivating
mechanisms 37, are provided with two operation modes, one being that all the
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intake and exhaust valves IV, EV of both of the cylinders are disabled, and the
other that all the intake and exhaust valves IV, EV of both of the cylinders
operate.

When the above-mentioned V-type 4-cylinder engine 1’ is operated, the pattern
of the number of operating cylinders is limited to three kinds as depicted in FIG.
9. Specifically, they are a 2-cylinder/4-valve mode (see FIG. 9(a)), 3-cylinder/4-
valve mode (see FIG. 9(b)), and 4-cylinder/4-valve mode (see FIG. 9(c)). The
pattern of the number of operating cylinders does not adopt, for example, such a
pattern that in the deactivatable cylinders, some of the intake and exhaust valves
IV, EV are disabled. The control can, therefore, be simplified. Accordingly, the
operation can be promptly switched to each mode.

The 3-cylinder/4-valve mode means operation that the cylinder #2 on the left side
of the front bank Bf is disabled and the cylinder #3 in the front bank Bf is
operated, the 2-cylinder/4-valve mode means operation that the cylinder #1 and
cylinder #4 in the front bank Bf are disabled, and the 4-cylinder/4-valve mode
means operation that the cylinder #1 and cylinder #4 in the front bank Bf are
operated. It is to be noted that a description about switching control is omitted
because including the gradual changing processing upon changing the number
of cylinders, the switching control is similar to that of the first embodiment.

According to this second embodiment, the full-time operating cylinders that their
intake and exhaust valves IV, EV are not disabled are arranged. The valve
actuators 33 are disabled to deactivate all the intake and exhaust valves 1V, EV
and hence to disable the cylinders. It is, therefore, possible to bring about
advantageous effects that the control can be simplified. By arranging the
cylinders, which are arranged closer to an inner side of the engine 1’ (the
crankshaft 2), as full-time operating cylinders, vibrations can be kept low even
when one of the opposite end cylinders in the front bank is disabled. It is,
therefore, possible to bring about an advantage that the commercial value can be
heightened. Although the full-time operating cylinders are arranged in the rear
bank Br in this embodiment, the arrangement of the opening 9 in the front bank
Bf as in the first embodiment makes it possible to also feed cooling wind to the
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rear bank Br. It is, therefore, possible to reduce thermal loads on the full-time
operating cylinders while keeping vibrations low. This embodiment is also
advantageous in that, when the front bank Bf is provided with the opening 9 as
in the first embodiment, running wind is allowed to flow from the opening 9 to

the full-time operating cylinders located in the rear bank Br and to cool the rear
bank Br.

A third embodiment of the present invention will next be described base on FIG.
10 to FIG. 12. Itis to be noted that in the following description, a conventionally-
known inline 4-cylinder engine is referred to as an example of an inline internal
combustion engine. The construction of basic parts around the cylinders will be
described by making reference to the section of the cylinder head 6 in the rear
bank Br in FIG. 4 directed to the first embodiment.

An inline 4-cylinder engine 1” according to this embodiment is provided with a
cylinder head 6 with intake and exhaust vales IV, EV arranged therein, valve
actuators 33 for openably operating the intake and exhaust valves IV, EV,
respectively, and a cylinder head cover 7 forming, in combination with the
cylinder head 6, a valve actuator chamber with the valve actuators 33
accommodated therein, and at least some of the valve actuators 33 are
deactivatable to disable their corresponding cylinders. In this engine 17, the
cylinder #1, the cylinder #2, the cylinder #3 and the cylinder #4 are tandemly
arranged from the left side.

Further, the cylinder #2 and cylinder #3, the two cylinders at the central part in
the direction of the length of the crankshaft 2, are constructed as full-time
operating cylinders which are phase shifted over 360 degrees and are fired at
equal intervals, while the cylinder #1 and cylinder #4, the cylinders on the
opposite end sides of the crankshaft 2, are constructed as deactivatable cylinders,
respectively. Described specifically, the intake and exhaust valves 1V, EV
arranged for the cylinders #1 and #4 are provided with the valve deactivating
mechanisms 37, respectively, and by the valve deactivating mechanisms 37, the
intake and exhaust valves IV, EV for the cylinders #1 and #4 can all be disabled.
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Further, the cylinders #1 and #2 are arranged at positions phase shifted over 180
degrees, and so the cylinders #3 and #4.

It is to be noted that as the operation mode of this engine 17, an operation mode
in which one of the deactivatable cylinders on the opposite end sides of the
crankshaft 2, specifically the cylinder #1 is disabled (see FIG. 10(a)), another
operation mode in which both of the deactivatable cylinders, specifically the
cylinder #1 and #4 are disabled (see FIG. 10(b)), and another operation mode in
which both of the deactivatable cylinders, specifically the cylinder #1 and #4 are
operated (see FIG. 10(c)) are designed to be changeable to each other.

Specifically, as illustrated in FIG. 11 and FIG. 12, upwardly-extending intake
manifolds 10 are arranged corresponding to the respective cylinders, that 1s, the
cylinder #1, cylinder #2, cylinder #3 and cylinder #4, and throttle bodies 11
equipped with throttle valves 14 are attached to the respective intake manifolds
10.

The throttle valves 14, 14 for the cylinder #2 and cylinder #3 are opened and
closed by a common shaft 150, and to the shaft 150, a motor 16 for driving the
same is connected via a speed reduction mechanism 17 on a forward side of the
throttle body 11. Accordingly, the throttle valves 14 for the cylinder #2 and
cylinder #3 are simultaneously operated to open and close by the single motor
16. Further, an opening degree of each of the throttle valves 14, 14 is detected by
a throttle valve opening degree sensor S arranged on the shaft 150. To shafts 15,
15 of the respective throttle valves 14, 14 for the cylinder #1 and cylinder #4, on
the other hand, motors 16, 16 are connected via speed reduction mechanism 17,
17, respectively, and an opening degree of each throttle valve 14 is detected by a
throttle valve opening degree sensor S arranged for the throttle valve 14.

In rear walls of the respective throttle bodies 11 and corresponding to the motors
16 arranged on the forward sides, injectors 18 are obliquely inserted and fixed
toward cylinder heads 5 to inject fuel into the intake manifolds 10. Each motor
16 and its corresponding injector 18 are, therefore, arranged such that they are
located apart forward and backward of the corresponding throttle body 11 and
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in the forward and rearward directions of the engine and a vehicle body,
respectively.

It is to be noted that fuel pipes 39 are connected to the injectors 18, respectively.
Connectors 47 are arranged on upper parts of casings 48 for the respective
motors 16 and speed reduction mechanisms 17, and the connectors 47 are
connected to the above-mentioned ECU 61.

According to this embodiment, the cylinder #2 and cylinder #3 are set as full-time
operating cylinders that their intake and exhaust valves IV, EV are not disabled,
and in one cylinder, its intake and exhaust valves IV, EV are all disabled to
deactivate the cylinder. It is, therefore, possible to simplify the control and to
promptly switch the operation. Further, the cylinder #2 and cylinder #3, the two
cylinders in the central part in the direction of the length of the crankshatt 2, are
arranged as full-time operating cylinders, and these cylinder #2 and cylinder #3
are fired at equal intervals. Vibrations can, therefore, be maintained low even in
the operation mode that one (the cylinder #1) of the deactivatable cylinders on
the opposite end sides of the crankshaft 2 is disabled, thereby making it possible
to heighten the commercial value.

Owing to the adoption of the vibrationally-balanced arrangement that the
cylinder #1 and cylinder #4 located on the opposite end sides of the crankshatt 2
are set as deactivatable cylinders and in the central part, the cylinder #2 and
cylinder #3 are fired at equal intervals, vibrations can be maintained low, thereby

making it possible to heighten the commercial value.

In this embodiment, it is also only necessary to arrange the three motors 16, the
three speed reduction mechanisms 17, the three throttle valve opening degree
sensors S, and the three connectors 7. Accordingly, the number of parts can be
reduced to achieve a cost reduction.

According to the present invention, the full-time operating cylinders that their

valves are not disabled are arranged. By disabling the valve actuators to
deactivate all the engine valves, the cylinders are disabled. It is, therefore,
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possible to bring about advantageous effects that the control can be simplified
and the operation can be promptly switched. Further, the full-time operating
cylinders to which large thermal loads are applied are arranged on the laterally
opposite end sides in the direction of the crankshaft and therefore, can be
etfectively cooled by running wind. It is, hence, possible to bring above a further
advantageous effect that the engine can be effectively cooled.

According to an embodiment of the invention, the full-time operating cylinders
to which large thermal loads are applied can be effectively cooled on the more
front side. It is, therefore, possible to bring about an advantageous effect that the
engine can be effectively cooled.

According to another embodiment of the invention, in the motorcycle with the
internal combustion engine exposed to the outside, the full-time operating
cylinders on the opposite end sides of the crankshaft or on the side of the front
bank, said full-time operating cylinders being subjected to large thermal loads,
can be effectively cooled by running wind. It is, therefore, possible to bring
about an advantageous effect that the engine can be effectively cooled.

Further, when the cylinders in the front bank are arranged on the opposite end
sides of the crankshaft, running wind is also allowed to flow to the cylinders in
the rear bank located rearward by designing such that the running wind flows
rearward through the central part of the front bank. The engine can, therefore,
be cooled still more effectively.

According to another embodiment of the invention, the full-time operating
cylinders that their valves are not disabled are arranged. The valve actuators are
disabled to deactivate all the engine valves. It is, therefore, possible to bring
about advantageous effects that the control can be simplified and the operation
can be promptly switched. By arranging the cylinders, which are arranged closer
to an inner side of the crankshaft, as full-time operating cylinders in the rear
bank, vibrations can be kept low even when one of the opposite end cylinders in
the front bank is disabled. It is, therefore, possible to bring about an advantage
that the commercial value can be heightened.
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According to another embodiment of the invention, the number of operating
cylinders is limited to three patterns so that the control can be simplified. It is,
therefore, possible to bring about an advantageous effect that the operation can
be promptly switched.

According to another embodiment of the invention, the full-time operating
cylinders that their valves are not disabled are arranged. By disabling the valve
actuators to deactivate all the engine valves, the cylinders are disabled. It is,
therefore, possible to bring about advantageous effects that the control can be
simplified and the operation can be promptly switched.

Further, the two cylinders in the central part in the longitudinal direction of the
crankshaft are set as full-time operating cylinders and are constructed to are fired
at equal intervals. Vibrations can, therefore, be kept low even when one of the
deactivatable cylinders on the opposite end sides of the crankshaft is disabled. It
is, therefore, possible to bring about an advantage that the commercial value can
be heightened.

According to another embodiment the invention, the two cylinders in the central
part are set as full-time operating cylinders and are constructed to are fired at
equal intervals. Vibrations can, therefore, be kept low even when one of the
deactivatable cylinders on the opposite end sides is disabled. It is, therefore,
possible to bring about an advantage that the commercial value can be
heightened.

According to another embodiment of the invention, the cylinders located on the
opposite end sides of the crankshaft are set as deactivatable cylinders by
adopting the vibrationally-balanced arrangement that firing is performed at
equal intervals in the central part. It is, therefore, possible to bring about an
advantage that the commercial value can be heightened.

It is to be noted that the present invention is not limited to the above-described
embodiments and can also be applied, for example, to V-type 5-cylinder engines,
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V-type 6-cylinder engines and inline 6-cylinder engines. Further, the present
invention can also be applied to multicylinder engines for 4-wheeled vehicles
although it has been described taking motorcycles as examples.

Although various preferred embodiments of the present invention have been
described herein in detail, it will be appreciated by those skilled in the art, that
variations may be made thereto without departing from the spirit of the
invention or the scope of the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A multicylinder internal combustion engine comprising: a cylinder
head with engine valves arranged therein; valve actuators for openably
operating said engine valves, respectively; a cylinder head cover forming, in
combination with said cylinder head, a valve actuator chamber with said valve
actuators accommodated therein, at least some of said valve actuators being
deactivatable to disable their corresponding cylinders; and a crankshaft, wherein
said multicylinder internal combustion engine is a V-shaped internal
combustion engine provided with a front bank and rear bank, and the cylinders
on opposite ends of the crankshaft are set as full-time operating cylinders, being
located in the front bank, and the cylinders in the vicinity of a center of the
crankshaft are set as deactivatable cylinders, being located in the rear bank;
wherein each of the full-time operating cylinders are connected to a position on
the crankshaft further toward the end of the crankshaft than each of the
deactivatable cylinders is connected.

2. The multicylinder internal combustion engine according to claim 1,
wherein said V-type internal combustion engine is to be mounted on a
motorcycle.

3. The multicylinder internal combustion engine according to claim 1,
wherein said V-type internal combustion engine is to be mounted on a
motorcycle.

4. The multicylinder internal combustion engine according to claim 1,

wherein said internal combustion engine is a V-shaped 4-cylinder internal
combustion engine, an operation mode of said internal combustion engine is
selectively changeable to one of operation modes consisting of an operation
mode in which one of the deactivatable cylinders is disabled, another operation
mode in which both of the deactivatable cylinders are disabled, and a further
operation mode in which both of the deactivatable cylinders are operated, and
both of the deactivatable cylinders are located in a same one of the front bank
and the rear bank.
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5. The multicylinder internal combustion engine according to claim 1,

wherein said internal combustion engine is a V-shaped 4-cylinder internal
combustion engine, and a number of operating cylinders is selectively
changeable in three patterns.

6. The multicylinder internal combustion engine according to claim 2,
wherein said internal combustion engine is a V-shaped 4-cylinder internal
combustion engine, and a number of operating cylinders is selectively
changeable in three patterns.

7. The multicylinder internal combustion engine according to claim 1,
wherein a valve deactivating mechanism is arranged between a valve stem and a
valve lifter to deactivate some at least some of the valve actuators and disable
their corresponding cylinders.

8. The multicylinder internal combustion engine according to claim 1,
wherein a valve deactivating mechanism is arranged between a valve stem and a

valve lifter to deactivate some at least some of the valve actuators and disable
their corresponding cylinders.

9. The multicylinder internal combustion engine according to claim 1,
wherein the full-time operating cylinders are located in one of the front bank
and the rear bank, the deactivatable cylinders are located in the other one of the
front bank and the rear bank, and the deactivatable cylinders are located closer
to a center of the crankshaft than the full-time operating cylinders.

10. The multicylinder internal combustion engine according to claim 1,
wherein said internal combustion engine is operatable to activate only some of
the deactivatable cylinders and deactivate rest of the deactivatable cylinders in a
same one of the front bank and the rear bank.

11. The multicylinder internal combustion engine according to claim 1,
wherein an opening is formed through the front bank at a central part thereof,
said opening being arranged to allow the air to flow toward the rear bank.

12. The multicylinder internal combustion engine according to claim 1,
wherein said multicylinder internal combustion engine includes four cylinders;



CA 02603483 2010-04-14

WH-13211CA
SN 2,603,483 - 28 -

two full-time operating cylinders are supported at one side of the crankshaft and
two deactivatable cylinders are supported at an other side of the crankshaft
opposite to the full-time operating cylinders, and wherein the two deactivatable
cylinders are located in between the two full-time operating cylinders.

13. A multicylinder internal combustion engine comprising: a cylinder
head with engine valves arranged therein; valve actuators for openably
operating said engine valves, respectively; a cylinder head cover forming, in
combination with said cylinder head, a valve actuator chamber with said valve
actuators accommodated therein, at least some of said valve actuators being
deactivatable to disable their corresponding cylinders; and a crankshaft, wherein
said multicylinder internal combustion engine is a V-shaped internal
combustion engine provided with a front bank and rear bank, the cylinders on
opposite ends of the crankshaft in said front bank are set as said deactivatable
cylinders, and the cylinders in said rear bank are set as full-time operating
cylinders, wherein each of the deactivatable cylinders are connected to a position
on the crankshaft further toward the end of the crankshaft than each of the full-
time operating cylinders is connected.

14. The multicylinder internal combustion engine according to claim
13, wherein said internal combustion engine is a V-shaped 4-cylinder internal
combustion engine, and an operation mode of said internal combustion engine is
selectively changeable to one of operation modes consisting of an operation
mode in which one of the deactivatable cylinders is disabled, another operation
mode in which both of the deactivatable cylinders are disabled, and a further
operation mode in which both of the deactivatable cylinders are operated.

15. The multicylinder internal combustion engine according to claim
13, wherein a valve deactivating mechanism is arranged between a valve stem
and a valve lifter to deactivate some at least some of the valve actuators and
disable their corresponding cylinders.

16. The multicylinder internal combustion engine according to claim
13, wherein the cylinders in said rear bank are located closer to a center of the
crankshaft than the cylinders in said front bank.
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17. The multicylinder internal combustion engine according to claim

13, wherein said front bank only has the deactivatable cylinders and the
multicylinder internal combustion engine is operatable to activate only some of
the deactivatable cylinders and deactivate rest of the deactivatable cylinders.

18. A multicylinder internal combustion engine comprising: a cylinder
head with engine valves arranged therein; valve actuators for openably
operating said engine valves, respectively; a cylinder head cover forming, in
combination with said cylinder head, a valve actuator chamber with said valve
actuators accommodated therein, at least some of said valve actuators being
deactivatable to disable their corresponding cylinders; and a crankshaft, wherein
said multicylinder internal combustion engine is an inline internal combustion
engine, the two cylinders at a central part of the crankshaft are constructed as
full-time operating cylinders that are fired at equal intervals, the cylinders on
opposite end sides of said crankshaft are constructed as deactivatable cylinders,
respectively, and an operation mode of said inline internal combustion engine 1s
selectively changeable to one of operation modes consisting of an operation
mode in which one of said deactivatable cylinders on the opposite end sides of
said crankshaft is disabled, another operation mode in which both of said
deactivatable cylinders are disabled, and a further operation mode in which both
of said deactivatable cylinders are operated, wherein each of the deactivatable
cylinders are connected to a position on the crankshaft further toward the end of
the crankshaft than each of the full-time operating cylinders is connected.

19. The multicylinder internal combustion engine according to claim
18, wherein said internal combustion engine is an inline 4-cylinder internal
combustion engine.

20. The multicylinder internal combustion engine according to claim
19, wherein said deactivatable cylinders are the cylinders located on the opposite
end sides of said crankshaft.

21. The multicylinder internal combustion engine according to claim
18, wherein a valve deactivating mechanism is arranged between a valve stem
and a valve lifter to deactivate some at least some of the valve actuators and
disable their corresponding cylinders.
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22. The multicylinder internal combustion engine according to claim

18, wherein the two full-time operating cylinders are located in a first bank and
the two deactivatable cylinders are located in a second bank different from the
first bank.

23. The multicylinder internal combustion engine according to claim
18, wherein the two deactivatable cylinders are located in a same bank.
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