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(57) ABSTRACT

A value characteristic changing apparatus for an internal
combustion engine according to the invention 1s provided
with an intake-side vanable valve timing mechanism that
changes a valve timing of an intake valve of an internal
combustion engine, and an exhaust-side variable valve tim-
ing mechanism that changes a valve timing of an exhaust
valve. The mtake-side vanable valve mechanism 1s a mecha-
nism that uses an storage battery as a power source; the
exhaust-side variable valve timing mechanism 1s a mecha-
nism that uses a hydraulic pump of an engine driving type as
a power source.

13 Claims, 10 Drawing Sheets
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VALVE CHARACTERISTIC CHANGING
APPARATUS FOR INTERNAL COMBUSTION
ENGINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

INCORPORAITION BY REFERENC.

L1l

The disclosure of Japanese Patent Application No. 2004-
059463 filed on Mar. 3, 2004, including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a valve characteristic changing
apparatus for an internal combustion engine that 1s provided
with a plurality of varying mechanisms that separately vary a
valve characteristic of a plurality of engine valves.

2. Description of the Related Art

A variable valve timing mechanism 1s widely used 1n
internal combustion engines for vehicles and the like for the
purpose ol improving engine performance, including output
performance, fuel consumption performance, and exhaust
performance. A variable valve timing mechanism varies the
opening timing and/or closing timing of an engine valve, a
so-called valve timing, in accordance with the engine oper-
ating condition. Many such variable valve timing mecha-
nisms are drivingly connected to a crankshaft serving as an
engine output shatt, and driven by hydraulic pressure gener-
ated from a hydraulic pump that operates in accordance with
the rotation of the crankshaft.

In recent years, valve timing changing apparatuses have
been proposed which provide a plurality of variable valve
timing mechanisms. For example, there 1s an apparatus that
separately provides a variable valve timing mechanism such
as described above for an intake valves and exhaust valves
(refer to Japanese Patent Laid-Open Publication No. 2000-
11035277 (JP-A-2000-110527) for an example), and an appa-
ratus that separately provides the variable valve timing
mechanism for intake valves and exhaust valves 1n each
bank of a V-shaped internal combustion engine.

Normally in the above valve timing changing apparatus,
the hydraulic pressure generated from the hydraulic pump 1s
distributed and supplied to the plurality of variable valve
timing mechanisms. Each variable valve timing mechanmism
then operates based upon the supplied hydraulic pressure. In
addition, the operation of each variable valve timing mecha-
nism in the valve timing change apparatus 1s often synchro-
nized in order to change the valve timing 1n accordance with
the engine operating condition.

Therelore, 1t 1s difficult in the above apparatus to supply
suificient hydraulic pressure to each variable valve timing
mechanism during times of change 1n the engine operating
condition. Moreover, this 1s likely to decrease operation
response. In cases where a hydraulic pump with high output
performance 1s used to 1improve operation response, such a
pump increases size and 1s thus not preferable.

It should be noted that the atorementioned problems occur
not only 1 an apparatus provided with a plurality of hydrau-
lic pump-driven variable valve timing mechanisms as
described 1n detail above, but also 1 other valve timing
changing apparatus provided with a plurality of variable
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valve timing mechanisms that are operated via the same
drive train, such as a plurality of electrically-driven variable
valve timing mechanisms. Furthermore, the above descrip-
tion pertains to a variable valve timing mechanism that
changes a valve timing; however, related art also includes
that with substantially the same problem 1n a varying mecha-
nism that changes a so-called valve characteristic, for
example, a lift amount or the like.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to provide a valve charac-
teristic changing apparatus for an internal combustion
engine that 1s capable of appropriately suppressing a
decrease 1n operation response 1n each of a plurality of vary-
ing mechanisms.

A first aspect of the invention relates to a valve character-
1stic changing apparatus for an internal combustion engine.
The valve characteristic changing apparatus has a first
mechanism group which includes at least one first varying
mechanism that changes a valve characteristic of at least one
first engine valve; a second mechanism group which
includes at least one second varying mechanism that
changes a valve characteristic of at least one second engine
valve; a first power source group including at least one first
power source for the first mechanism group; and a second
power source group including at least one second power
source for the second mechanism group.

The valve characteristic changing apparatus may have
three or more mechanism groups and power sources, for
example, the first to third mechanism groups and the first to
third power sources, or the first to fourth mechanism groups
and the first to fourth power sources.

According to the valve characteristic changing apparatus,
compared to a structure driving a plurality of varying mecha-
nisms with a common power source, such a structure can
casily secure the power required by each varying mechanism
group through each power source group. It is thus possible to
appropriately suppress a decrease 1 operation response 1n
cach of the plurality of varying mechanism groups.

It should also be noted that a *“valve characteristic” may
refer to 1ntake valve and exhaust valve characteristics such
as an opening timing, closing timing, lift amount and the
like, or any combination thereof. An example of changing a
combination thereol as the valve characteristic 1s simulta-
neously changing both the opening timing and closing tim-
ing of each valve.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advan-
tages of the invention will become apparent from the follow-
ing description of preferred embodiments with reference to
the accompanying drawings, wherein like numerals are used
to represent like elements and wherein:

FIG. 1 1s a block diagram showing a schematic structure
of an embodiment of a valve characteristic changing appara-
tus for an 1internal combustion engine according to the inven-
tion;

FIG. 2 1s an oblique perspective drawing showing an
oblique view of a structure of an intake-side variable valve
timing mechamism in the embodiment;

FIG. 3 1s a cross-sectional drawing showing a cross-
sectional structure of the intake-side variable valve timing
mechanism;

FIG. 4 1s a block diagram showing a schematic structure
of an exhaust-side variable valve timing mechanism and
hydraulic circuit thereotf in the embodiment;
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FIG. 5 1s a block diagram showing a schematic structure
of a valve characteristic changing apparatus according to
another embodiment;

FIG. 6 1s a block diagram showing a schematic structure
of a valve characteristic changing apparatus according to
another embodiment;

FIG. 7 1s a block diagram showing a schematic structure
of a valve characteristic changing apparatus according to
another embodiment:

FIG. 8 1s a block diagram showing a schematic structure
of a valve characteristic changing apparatus according to
another embodiment:

FIG. 9 1s a block diagram showing a schematic structure
of a valve characteristic changing apparatus according to
another embodiment; and

FI1G. 10 1s a block diagram showing a schematic structure
of a valve characteristic changing apparatus according to
another embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatfter, a description 1s given of an embodiment
specifying a valve characteristic changing apparatus for an
internal combustion engine according to the imvention.

FIG. 1 shows a schematic structure of an engine system to
which the embodiment 1s applied.

As shown 1n FIG. 1, a crank pulley 12 1s integrally and
rotatably fixed to an end of a crankshaft 11 serving as an
output shait of an internal combustion engine 10. The crank
pulley 12 1s drivingly connected via a timing belt 17 to an
intake-side cam pulley 14 disposed on an end of an intake-
side camshaft 13, and an exhaust-side cam pulley 16 dis-
posed on an end of an exhaust-side camshaift 15.

The 1ntake-side cam pulley 14 1s connected to the intake-
side camshaft 13 via an intake-side variable valve timing
mechanism 30. Furthermore, the exhaust-side cam pulley 16
1s connected to the exhaust-side camshaft 15 via an exhaust-
side variable valve timing mechanism 40. In the
embodiment, the intake-side variable valve timing mecha-
nism 30 functions as an intake-side varying mechanism and
the exhaust-side variable valve timing mechanism 40 func-
tions as an exhaust-side varying mechanism. Moreover, both
an opening timing and closing timing of an intake valve are
varied by the intake-side variable valve timing mechamism
30 at the same time the exhaust-side variable valve timing
mechanism 40 varies both an opening timing and closing,
timing of an exhaust valve. Note that the specific structures
of the itake-side variable valve timing mechanism 30 and
the exhaust-side variable valve timing mechanism 40 will be
described later.

Meanwhile, the crankshaft 11 1s also drivingly connected
via the timing belt 17 to a hydraulic pump 20 and an alterna-
tor 21. Hydraulic pressure generated from the hydraulic
pump 20 1s supplied to an engine lubricating system, and
cach lubrication portion of the internal combustion engine
10. Furthermore, electric power generated from the alterna-
tor 21 1s stored 1n an storage battery 22, as well as supplied
to various electrical components of the internal combustion
engine 10.

The above engine system has various sensors i order to
detect information required for engine control. Such pro-
vided sensors include, for example, a crank sensor for
detecting a rotational phase of the crankshaft 11, a position
sensor for detecting a valve timing of the intake valve
(heremaftter referred to as intake valve timing), and a posi-
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tion sensor for detecting a valve timing of the exhaust valve
(hereimafiter referred to as exhaust valve timing).

Furthermore, the above engine system has an electronic
control unit 23 including a microcomputer or the like. The
clectronic control unit 23 recerves detection signals from the
various sensors and performs various calculations. Based on
the calculation results, the electronic control unit 23
executes various controls related to engine control. It should
be noted that the electronic control unit 23 performs opera-
tion control of the intake-side variable valve timing mecha-
nism 30 and operation control of the exhaust-side variable
valve timing mechanism 40 as aspects of such engine con-

trol.

In the embodiment, the intake-side variable valve timing,
mechanism 30 and the exhaust-side variable valve timing
mechanism 40 are designed so as to use independent and
separate power sources, the reason for which 1s given below.

There 1s an unstable trend 1n the combustion state of the
internal combustion engine 10 1n a low engine speed region,
such as when the engine 1s started, compared to high engine
speed region. Thus, varying an intake air amount and supply

time through the intake valve timing, as well as the supply
mode of 1ntake air, are important factors in stabilizing such
an unstable combustion state. Accordingly, using a type of
variable valve timing mechanism driven by a power source
dependent on the engine speed, whose maximum generated
power 1s varied, as the varniable valve timing mechanism 30
may result 1n inadequate maximum generated power of the
power source for a low engine speed region. Consequently,
the desired driving force cannot be generated, and the com-
bustion state of the internal combustion engine 10 may
become unstable due to limitations of a response speed upon
varying the intake valve liming.

In consideration of the above circumstances, the embodi-
ment uses a drive train driven by a power source, whose
maximum generated power 1s not dependent on the engine
speed, as the drive train for driving the intake-side variable
valve timing mechanism 30. More specifically, the embodi-
ment uses an electrical drive train driven by an electric motor
35 with the storage battery 22 as 1ts power source. Thus, the
response speed required for changing the intake valve timing
in a low engine speed region can also be secured, resulting 1n
a stable engine combustion state.

Meanwhile, the exhaust valve timing 1s one factor exert-
ing a significant influence on the exhaust efficiency of the
internal combustion engine 10. Improving such exhaust eifi-
ciency 1s preferred for high engine speed region 1n particular,
because the total amount of exhaust gas 1s larger.

This point 1s recognized 1n the embodiment, which uses a
hydraulic pressure drive train, with the hydraulic pump 20
serving as a power source, as the drive train for driving the
exhaust-side variable valve timing mechanism 40. Thus, a
suificient output of the hydrauhc pump 20 1s secured 1n a
high engine speed region, that 1s, when the crankshait 11
rotates at a high speed. As a result, an excellent response 1s
secured when changing the exhaust valve timing in a high
engine speed region, where the improvement of exhaust effi-
ciency 1s desired.

Heremaftter, descriptions are given of the specific struc-
tures of the mtake-side vaniable valve timing mechanism 30
and the exhaust-side variable valve timing mechanism 40.

First, the specific structure of the intake-side variable
valve timing mechanism 30 will be described.

FIG. 2 shows an oblique view of the structure of the
intake-side variable valve timing mechamsm 30.

As shown 1n FIG. 2, the intake-side variable valve timing
mechanism 30 changes a relative rotational phase of the
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intake-side camshait 13 with respect to a rotational phase of
the intake-side cam pulley 14 (more specifically, the crank-
shaft 11 (FIG. 1)). This changes a rotational phase of a cam
13a fixed to the intake-side camshait 13, and by extension,
the intake valve timing of the intake valve driven by the cam

13a.

FIG. 3 shows a cross-sectional structure of the intake-side
variable valve timing mechanism 30.

As shown 1n FIG. 3, the intake-side cam pulley 14 1s pro-
vided rotatable relative to the intake-side camshait 13 via a
bearing 31.

The intake-side variable valve timing mechanism 30
includes a fixed gear 32 fixed to the intake-side camshaift 13,
a fixed gear 33 fixedly formed with the intake-side cam pul-
ley 14, and a piston gear 34 provided between the fixed gears

32, 33.

Fixed gears 32, 33 are both formed 1n a cylindrical shape.
The fixed gears 32, 33 are respectively disposed such that the
fixed gear 33 covers the outside of the fixed gear 32 leaving a
predetermined clearance. An outer circumierence of the
fixed gear 32 and an mner circumierence of the fixed gear 33
are respectively formed with helical teeth. The direction of
the helical teeth formed on the outer circumierence of the
fixed gear 32 1s opposed to the helical teeth formed on the
inner circumierence of the fixed gear 33.

The piston gear 34 1s disposed between the fixed gears 32,
33 movable 1n the axial direction of the intake-side camshatt
13. An mner circumierence and an outer circumierence of
the piston gear 34 are both formed with helical teeth, and
respectively engage the helical teeth on the outer circumier-
ence of the fixed gear 32 and the helical teeth on the 1mner
circumierence of the fixed gear 33.

Accordingly, moving the piston gear 34 results in the rela-
tive rotation of both the fixed gears 32, 33 1n opposing direc-
tions along the tooth lines of the helical teeth of the piston
gear 34. This allows changes in the relative rotational phase
of the intake-side camshatt 13 with respect to the intake-side
cam pulley 14.

It should be noted that the electric motor 35 for moving
the piston gear 34 i1s provided in the intake-side variable
valve timing mechanism 30. The electric motor 35 1s con-
nected to the piston gear 34 via a gear, bearing or the like. A
position control of the piston gear 34 1s executed through the
operation control of the electric motor 35, thereby changing
the relative rotational phase of the intake-side camshait 13,
and by extension, the intake valve timing.

The valve timing control mentioned above 1s specifically
executed as follows. Based upon the detection signals of the
various sensors, the electronic control unit 23 calculates a
valve timing (target valve timing) of the intake valve that 1s
appropriate to the engine operating condition at that time. In
cases where the target valve timing differs from the actual
intake valve timing, the electronic control unit 23 executes
operation control of the electric motor 35 so as to move the
piston gear 34 1n a direction that reduces the difference.
Thus, the fixed gear 32 rotates relative to the fixed gear 33,
resulting in adjustment of the intake valve timing.

After the adjustment described above, the electronic con-
trol unit 23 executes operation control of the electric motor
35 so as to stop movement of the piston gear 34 once the
target valve timing and the actual intake valve timing coin-
cide with each other. Thus, the relative rotational phase of
the fixed gear 32, and by extension, the intake valve timing 1s
maintained.

Next, the structure of the exhaust-side variable valve tim-
ing mechanism 40 (FIG. 1) will be described in detail.
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The exhaust-side variable valve timing mechanism 40
changes a relationship between the rotational phase of the
exhaust-side camshaft 15 and the rotational phase of the
exhaust-side cam pulley 16 (more specifically, the crank-
shaft 11). This changes a rotational phase of a cam provided
on the exhaust-side camshait 15, and by extension, the
exhaust valve timing of the exhaust valve driven by the cam.

FIG. 4 shows a schematic structure of the exhaust-side
variable valve timing mechamsm 40 and a hydraulic circuit
thereof.

As shown 1n FIG. 4, the exhaust-side variable valve tim-
ing mechanism 40 includes a substantially toric housing 41
and a vane body 42 accommodated therewithin. The vane
body 42 1s fixedly and rotatably connected to the exhaust-
side camshait 15 and the housing 41 1s fixedly and rotatably
connected to the exhaust-side cam pulley 16.

A plurality of vanes 43 are formed on an outer periphery
of the vane body 42 extending in a radial direction thereof.
In addition, a plurality of grooves 44 are formed on an 1nner
periphery of the housing 41 extending 1n a peripheral direc-
tion thereof. The vanes 43 are respectively disposed 1n the
grooves 44. An advance-side pressure chamber 45 and a
delay-side pressure chamber 46 are respectively formed 1n
cach groove 44 as defined by the vanes 43.

The advance-side pressure chamber 43 and the delay-side
pressure chamber 46 are connected to a hydraulic control
valve 24 wvia respective and appropriate oil passages.
Hydraulic pressure generated from the hydraulic pump 20 1s
supplied to the hydraulic control valve 24. Based upon a
signal input from the electronic control unit 23, the hydraulic
control valve 24 operates to supply hydraulic pressure in the
advance-side pressure chamber 45 or the delay-side pressure
chamber 46, and discharge hydraulic o1l from within the
advance-side pressure chamber 45 or the delay-side pressure
chamber 46. Thus, the relative rotational phase of the vane
43 1n the groove 44 1s set to a desired phase depending on the
difference in hydraulic pressure inside the advance-side
pressure chamber 45 and the delay-side pressure chamber 46
formed on both sides of the vane 43. The vane body 42
consequently rotates relative to the housing 41, changing the
relative rotational phase of the exhaust-side camshait 135
with respect to the exhaust-side cam pulley 16, and by
extension, the exhaust valve timing.

The valve timing mentioned above 1s specifically
executed as follows.

Based upon the detection signals of the various sensors,
the electronic control unit 23 calculates a valve timing
(target valve timing) of the exhaust valve that 1s appropriate
to the engine operating condition at that time.

In cases where the target valve timing differs from the
actual exhaust valve timing, the electronic control unit 23
executes operation control of the hydraulic control valve 24
so as to discharge hydraulic o1l from either the advance-side
pressure chamber 43 or the delay-side pressure chamber 46,
and supply hydraulic pressure generated from the hydraulic
pump 20 to the other chamber. Thus, the vane 42 rotates
relative to the housing 41 1n accordance with the generated
pressure difference between the advance-side pressure
chamber 45 and the delay-side pressure chamber 46, result-
ing in adjustment of the exhaust valve timing.

After the adjustment described above, the electronic con-
trol unit 23 executes operation control of hydraulic control
valve 24 so as to stop the supply and discharge of hydraulic
o1l to the advance-side pressure chamber 45 and the delay-
side pressure chamber 46 once the target valve timing and
the actual exhaust valve timing coincide with each other.
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Thus, the pressure of the advance-side pressure chamber 45
and the delay-side pressure chamber 46 1s kept equal,
whereby the relative rotational phase of the vane body 42,
and by extension, the exhaust valve timing are maintained.

According to the embodiment as described above, the fol-
lowing efiects can be obtained.

(1) The intake-side variable valve timing mechanism 30
and the exhaust-side variable valve timing mechanism 40 are
mechanisms designed to use independent and separate
power sources. Therefore, the driving force required by the
mechanisms 30, 40 can be generated in the appropriate
amount by each power source, as compared with structures
that drive the intake-side varniable valve timing mechamism
30 and the exhaust-side variable valve timing mechanism 40
with a common power source. Thus, a decrease 1n the opera-
tion response of the mechanisms 30, 40 can be suppressed to
the utmost extent. By extension, a response delay regarding,
variations of the intake valve timing and exhaust valve
timing, which are changed through the mechanisms 30, 40,
can also be suppressed. It 1s also possible to quickly con-
verge an actual valve timing on a target timing.

(2) Furthermore, intake and exhaust characteristics can be
improved, because different power sources are selected as

suitable power sources respectively corresponding to the
response required by the intake valve and the exhaust valve.

(3) The storage battery 22 1s employed as the power
source for the intake-side variable valve timing mechanism
30. Storing energy generated from the alternator 21 1n
advance thus assures that the maximum generated power,
independent of the engine speed, 1s secured, and also assures
that the response speed required for changing the intake
valve timing 1n a low engine speed region 1s secured. By
extension, it 1s therefore possible to stabilize the engine
combustion state.

(4) The hydraulic pump 20 1s employed as the power
source for the exhaust-side variable valve timing mechanism
40, thus assuring that an excellent response 1s secured for
changing the exhaust valve timing 1n a high engine speed
region, where improvement in exhaust efficiency 1s desired.

(5) Since a pump for lubricating o1l 1s used as the hydrau-
lic pump 20, which delivers, under pressure, lubricating oil
to the lubricating system of the internal combustion engine
10, commonization of the engine structure, and by
extension, a reduction 1n the size of the engine structure 1s
also possible.

The structure of the embodiment described in detail above
may also be modified as follows.

In the intake-side variable valve timing mechanism 30 of
the above embodiment, the piston gear 34 1s moved relative
to the fixed gears 32, 33 through the operation control of the
clectric motor 35, thus changing the relative rotational phase
of the intake-side camshatt 13 with respect to the intake-side
cam pulley 14. I1 the relative rotational phase 1s modifiable,
for example, direct relative turming of the intake-side cam-
shaft 13 by an electric motor or the like, the structure of the

intake-side variable valve timing mechanism may be suit-
ably modified.

In addition, it the intake-side variable valve timing
mechanism 30 1s a mechanism that uses the storage battery
22 as a power source, the mechanism 1s not limited to opera-
tion by an electric motor. For example, a mechanism that 1s
operated by another electric actuator such as an electric
hydraulic pump, electromagnetic clutch, electromagnetic
brake or the like may also be used.

In the above embodiment, a mechanism using the hydrau-
lic pump 20, which delivers, under pressure, lubricating oil

10

15

20

25

30

35

40

45

50

55

60

65

8

to the lubricating system of the internal combustion engine
10, 1s employed as the exhaust-side vanable valve timing
mechanism 40. However, as long as a hydraulic pump of an
engine driving type 1s used, a hydraulic pump that generates
hydraulic pressure for operating other hydraulic units, a
hydraulic pump provided exclusively for the above purpose
or the like may be used 1n place of the hydraulic pump 20. A
hydraulic pump that generates hydraulic pressure for the
operation and lubrication of a transmission may also be used
in an apparatus mounted in a vehicle with a transmission.
Furthermore, the type of pump 1s not limited to a hydraulic
pump, and a fluid pressure pump that discharges fluid other
than o1l, such as air, water or the like, may also be used.

I1 the operation response of the mechamisms 30, 40 can be
secured, the intake-side variable valve timing mechanism 30
may be a mechanism that uses a fluid pressure pump of an
engine driving type for a power source. Furthermore, the
exhaust-side variable valve timing mechanism 40 may be a
mechanism that uses the storage battery 22 for a power
source. Using different power sources such as a hydraulic
pump, a pneumatic pump, the storage battery 22 or the like
as power sources of the mechanisms 30, 40 makes possible
the selection of a suitable power source corresponding to the
response required for changing the valve timing of the intake
valve and the exhaust valve. Thus, intake and exhaust char-
acteristics can be improved.

The mechamsms 30, 40 may also be mechanisms that
both use storage batteries 22 or fluid pressure pumps as a
power source. For example, when providing two power
sources 1n such a structure, one power source may be pro-
vided corresponding to the intake-side variable valve timing
mechanism 30, and the other power source may be provided
corresponding to the exhaust-side variable valve timing
mechanism 40. The effect described 1n (1) above can also be
obtained by this structure.

The 1nvention 1s also applicable to an apparatus with a
plurality of intake-side variable valve timing mechanisms
and exhaust-side variable valve timing mechanisms. As
shown 1n FIG. 3, in such a structure, independent and sepa-
rate power sources may be respectively provided. A power
source corresponds to a plurality of intake-side variable
valve timing mechanisms. Another power source corre-
sponds to a plurality of exhaust-side variable valve timing
mechanisms. In addition, as shown 1n FIG. 6, independent
and separate power sources may also be respectively pro-
vided corresponding to each variable valve timing mecha-
nism.

Furthermore, the invention 1s not limited to a structure
with both the intake-side variable valve timing mechanism
and the exhaust-side variable valve timing mechanism. The
invention 1s applicable to any structure as long as 1t includes
a plurality of variable valve timing mechanisms. For
example, as shown 1n FIGS. 7 and 8, a plurality of variable
valve timing mechanisms may be divided into a plurality of
mechanism groups. One or more independent and separate
power sources are provided for each mechanism group 1n the
structure. Note that 1n such a case, as shown 1n FIG. 9, 1t 1s
possible to divide the plurality of variable valve timing
mechanisms into a configuration with individual variable
valve timing mechanisms and a mechanism group formed
from a plurality of variable valve timing mechanisms. Com-
pared to a structure driving a plurality of vaniable valve tim-
ing mechanisms with a common power source, such a struc-
ture can easily secure the power required by each variable
valve timing mechanism through separately provided inde-
pendent power sources. It 1s thus possible to appropnately
suppress a decrease 1n operation response in each of the
plurality of variable valve timing mechanisms.
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The invention 1s also applicable to an 1nline internal com-
bustion engine with only one bank, as well as an internal
combustion engine with a plurality of banks, such as a
V-shaped internal combustion engine, horizontal opposed
internal combustion engine or the like. In an internal com-
bustion engine with a plurality of banks, more variable valve
timing mechanisms are provided because variable valve tim-
ing mechanisms must be provided on each bank, thereby
increasing the possibility of a decrease 1n operation response
or the like as described earlier. According to the above
configuration, 1t 1s possible to quickly converge each valve
timing on a target valve timing in such a structure. Also, a
configuration in which a independent and separate power
sources are provided, and each of the power sources 1s pro-
vided for each bank as a power source of the variable valve
timing mechanisms 1s another example of the above struc-
ture.

As shown 1n FIG 10, the invention 1s also applicable to an
apparatus 1 which a plurality of variable valve timing
mechanisms are provided corresponding to a set consisting,
of a camshait and a cam pulley. In such a structure, the
control mode may be set so as to drive the plurality of vari-
able valve timing mechanisms by independent and separate
power sources each of which corresponds to each variable
valve timing mechanism when there 1s a possibility that
operation response may decrease.

The 1nvention 1s applicable to any internal combustion
engine that 1s provided with a plurality of varying mecha-
nisms each of which changes a valve characteristic of a plu-
rality of engine valves. It should also be noted that a “valve
characteristic” may more specifically refer to intake valve
and exhaust valve characteristics such as an opening timing,
closing timing, lift amount and the like, or any combination
thereof.

What 1s claimed 1s:

1. A valve characteristic changing apparatus for an inter-
nal combustion engine comprising:

a first mechanism group which include at least one first
varying mechanism that changes a valve characteristic
of at least one first engine valve;

a second mechamism group which include at least one
second varying mechanism that changes a valve charac-
teristic of at least one second engine valve;

a first power source group including at least one {first
power source for the first mechanism group; and

a second power source group including at least one second
power source for the second mechanism group;

wherein a kind of the at least one first power source 1s
different from a kind of the at least one second power
source,

the at least one first varying mechanism changes both an
opening timing and a closing timing of the at least one
first engine valve as the valve characteristic of the at
least one first engine valve, and

the at least one second varying mechanism changes both
an opening timing and a closing timing of the at least
one second engine valve as the valve characteristic of
the at least one second engine valve, and

the valve characteristic of the at least one first engine
valve changed by the at least one first varyving mecha-
nism is the same as the valve characteristic of the at
least one second engine valve varied by the second
varyving mechanism.
2. The valve characteristic changing apparatus according
to claim 1, wherein
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the first [varying] mechanism group is one varying
mechanism, and

the second [varying] mechanism group is one varying
mechanism.
3. The valve characteristic changing apparatus according
to claim 1, wherein

the at least one first engine valve 1s an intake valve,
the at least one second engine valve 1s an exhaust valve,

the at least one first varying mechanism 1s an 1ntake-side
varying mechanism that changes a valve characteristic
of the intake valve, and

the at least one second varying mechanism 1s an exhaust-
side varying mechamsm that changes a valve character-
1stic of the exhaust valve.

4. The valve characteristic changing apparatus according,
to claim 3, wherein the first power source group generates
power which 1s not dependent on an engine speed.

5. The valve characteristic changing apparatus according
to claim 3, wherein a maximum power of the first power
source group 1s not dependent on an engine speed.

6. The valve characteristic changing apparatus according
to claim 4, wherein

the intake-side varying mechanism has an electric motor
that changes the valve characteristic, and

the first power source group 1s a storage battery that sup-

plies electric power to the electric motor.

7. The valve characteristic changing apparatus according,
to claim 3, wherein the second power source group 1s a
hydraulic pump that 1s driven by an engine output.

8. The valve characteristic changing apparatus according
to claim 7, wherein the hydraulic pump delivers, under
pressure, lubricating o1l to an engine lubricating system of
the internal combustion engine.

9. The valve characteristic changing apparatus according
to claim 1, wherein the first power source group 1s one power
source.

10. The valve characteristic changing apparatus according
to claim 1, wherein the second power source group is one
power source.

11. A valve characteristic changing apparatus for an inter-
nal combustion engine comprising:

a first mechanism group which include at least one first

varying mechanism that changes a valve characteristic
of at least one first engine valve;

a second mechanism group which include at least one

second varying mechanism that changes a valve charac-
teristic of at least one second engine valve;

a first power source group which includes at least one first
power source that supplies power to the first mecha-
nism group and does not supply power to the second
mechanism group; and

a second power source group which includes at least one
second power source that supplies power to the second
mechanism group and does not supply power to the first
mechanism group; wherein

a kind of the at least one first power source 1s difierent
from a kind of the at least one second power source,

the at least one first varying mechanism changes both an
opening timing and a closing timing of the at least one
first engine valve as the valve characteristic of the at
least one first engine valve, and

the at least one second varying mechamism changes both
an opening timing and a closing timing of the at least
one second engine valve as the valve characteristic of
the at least one second engine valve, and
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the valve characteristic of the at least one first engine
valve changed by the at least one first varyving mecha-
nism is the same as the valve characteristic of the at
least one second engine valve varied by the second
varyving mechanism.

12. The valve characteristic changing apparatus accorvd-
ing to claim I, wherein the at least one first power source is
for the at least one first varyving mechanism that requires
good responsiveness when the valve characteristic of the at
least one first engine valve is changed in a low engine speed
region, and the at least one second power source is for the at
least one second varyving mechanism that rvequires good
responsiveness when the valve characteristic of the at least
one second engine valve is changed in a high engine speed
region.

10

12

13. The valve characteristic changing apparatus accovd-
ing to claim 11, wherein the at least one first power source is
Jor the at least one first varyving mechanism that requires
good responsiveness when the valve characteristic of the at
least one first engine valve is changed in a low engine speed
region, and the at least one second power source is for the at
least one second varying mechanism that rvequires good

responsiveness when the valve characteristic of the at least

one second engine valve is changed in a high engine speed
region.
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