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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a spark ignition type
internal combustion engine.

2. Description of the Related Art

[0002] In the related-art, there is a known spark ignition
type internal combustion engine that has a variable com-
pression ratio mechanism capable of changing the me-
chanical compression ratio, and a variable valve mech-
anism capable of changing a valve characteristic of an
intake valve or an exhaust valve (e.g., Japanese Patent
Application Publication No. 2001-263099 (JP-A-
2001-263099)).
[0003] Other similar engines are known from
US4174683, DE3542629 or FR786162.
[0004] In the related-art variable compression ratio
mechanism, the mechanical compression ratio is height-
ened by lessening the combustion chamber volume
measured when the piston is positioned at the compres-
sion top dead center. Therefore, when the mechanical
compression ratio has been heightened by the variable
compression ratio mechanism, the distance between the
piston and the cylinder head at the top dead center is
relatively short, so that there is possibility of interference
between the piston and the intake valve.
[0005] Therefore, in Japanese Patent Application Pub-
lication No. 2001-263099, when the mechanical com-
pression ratio has been heightened, the variable valve
mechanism is controlled so as to retard the valve opening
timing of the intake valve or lessen the amount of lift of
the intake valve. This can restrain the interference be-
tween the piston and the intake valve even when the
mechanical compression ratio has been heightened.
[0006] Besides, in Japanese Patent Application Pub-
lication No. 2001-263099, the variable compression ratio
mechanism and the variable valve mechanism have ac-
tuators for changing the mechanical compression ratio
and the valve characteristic, respectively, and these ac-
tuators are connected, independently of each other, to
an electronic control device. That is, the variable com-
pression ratio mechanism and the variable valve mech-
anism are controlled independently of each other by the
electronic control device.
[0007] However, in the case where the variable com-
pression ratio mechanism and the variable valve mech-
anism are controlled independently of each other as men-
tioned above, if an abnormality occurs, for example, in a
sensor that detects the amount of control of the variable
valve mechanism, an undesired event can occurs, for
example, an event where although the mechanical com-
pression ratio is high, the valve opening timing of the
intake valve is not retarded, so that the piston and the

intake valve interfere with each other. That is, in the case
where the aforementioned two mechanisms are control-
led independently of each other, there is possibility of the
piston and the intake valve interfering with each other if
a trouble, such as a failure or the like, occurs in either
one of the control systems of the two mechanisms.

SUMMARY OF THE INVENTION

[0008] It is an object of the invention to provide a spark
ignition type internal combustion engine capable of reli-
ably preventing interference between the piston and the
intake or exhaust valve even when an abnormality occurs
in an electrical control system of a variable compression
ratio mechanism or a variable valve mechanism.
[0009] The invention is defined by the claims.
[0010] In accordance with a first aspect of the inven-
tion, in a spark ignition type internal combustion engine
that includes a variable compression ratio mechanism
that changes a mechanical compression ratio, and a var-
iable valve mechanism that changes a valve character-
istic of an intake valve or an exhaust valve, the variable
valve mechanism is mechanically coupled to the variable
compression ratio mechanism, and the variable valve
mechanism is controlled in accordance with a compres-
sion ratio-changing operation amount of the variable
compression ratio mechanism. According to the first as-
pect, since the variable valve mechanism is coupled di-
rectly to the variable compression ratio mechanism with-
out intervention of an electronic control unit, the interfer-
ence between the piston and the intake valve due to an
abnormality in a control system that includes the elec-
tronic control unit as an intervening unit can be avoided.
Herein, the "mechanically coupled" means that, for ex-
ample, mechanisms or the like are joined to each other
via a link mechanism or oil pressure, and are connected
together without intervention of a computation process-
ing device such as an electronic control unit or the like.
Besides, the "compression ratio-changing operation
amount" means an amount of operation performed by
the variable compression ratio mechanism to change the
compression ratio.
[0011] In a second aspect based on the first aspect,
the variable valve mechanism may be coupled to the var-
iable compression ratio mechanism via a link mecha-
nism. In a third aspect based on the foregoing aspect,
the variable compression ratio mechanism may include
an actuator for changing the mechanical compression
ratio, and the link mechanism may be coupled to the ac-
tuator. In a fourth aspect based on the foregoing aspect,
the variable compression ratio mechanism may change
the mechanical compression ratio by relatively moving a
crankcase and a cylinder head with respect to each other,
and the variable valve mechanism may be controlled in
accordance with a relative positional relationship be-
tween the crankcase and the cylinder head.
[0012] In a fifth aspect based on the foregoing aspects,
the valve characteristic of the intake valve or the exhaust
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valve in the variable valve mechanism may be controlled
in accordance with the compression ratio-changing op-
eration amount of the variable compression ratio mech-
anism. In a sixth aspect based on the foregoing aspect,
the variable valve mechanism may be an operation an-
gle-changing mechanism that changes an operation an-
gle of the intake valve or the exhaust valve, and the op-
eration angle of the intake valve or the exhaust valve may
be controlled so as to lessen if the mechanical compres-
sion ratio is heightened by the variable compression ratio
mechanism. In a seventh aspect based on the foregoing
aspect, the variable valve mechanism may be a lift
amount-changing mechanism that changes a lift amount
of the intake valve or the exhaust valve, and the lift
amount of the intake valve or the exhaust valve may be
controlled so as to lessen if the mechanical compression
ratio is heightened by the variable compression ratio
mechanism.
[0013] In an eighth aspect based on the foregoing as-
pect and not being part of the invention, the spark ignition
type internal combustion engine further may include a
non-coupled variable valve mechanism that is not me-
chanically coupled to the variable compression ratio
mechanism, separately from the variable valve mecha-
nism, and the non-coupled variable valve mechanism
may change a phase angle of at least one of the intake
valve and the exhaust valve that is a valve characteristic,
of the aforementioned valve characteristic of the intake
valve or the exhaust valve, which is different from the
valve characteristic that is changed by the variable valve
mechanism. In a ninth aspect based on the foregoing
aspect, the non-coupled variable valve mechanism may
be a phase angle-changing mechanism that changes a
phase angle of the intake valve, and the phase angle of
the intake valve may be advanced if an engine load less-
ens. In a tenth aspect based on the foregoing aspect, the
variable valve mechanism may be a phase angle-chang-
ing mechanism that changes the phase angle of the in-
take valve, and the phase angle of the intake valve may
be controlled to a retarded side if the mechanical com-
pression ratio is heightened by the variable compression
ratio mechanism.
[0014] In an eleventh aspect based on the foregoing
aspect, the variable valve mechanism may change the
valve characteristic of the intake valve or the exhaust
valve in the variable valve mechanism in accordance with
the compression ratio-changing operation amount of the
variable compression ratio mechanism and also with an
engine operation parameter other than the compression
ratio-changing operation amount of the variable com-
pression ratio mechanism, and a range of the valve char-
acteristic of the intake valve or the exhaust valve in which
the valve characteristic is changeable in accordance with
the engine operation parameter other than the compres-
sion ratio-changing operation amount of the variable
compression ratio mechanism may be controlled in ac-
cordance with the compression ratio-changing operation
amount of the variable compression ratio mechanism. In

a twelfth aspect based on the foregoing aspect, the var-
iable valve mechanism may change an operation angle
of the intake valve or the exhaust valve, of the aforemen-
tioned valve characteristic, and an upper limit value of
the range of the operation angle in which the operation
angle is changeable may be lessened if the mechanical
compression ratio is heightened by the variable compres-
sion ratio mechanism. In a thirteenth aspect based on
the foregoing aspect, the variable valve mechanism may
change a lift amount of the intake valve of the exhaust
valve, of the aforementioned valve characteristic, and an
upper limit value of the range of the lift amount in which
the lift amount is changeable may be lessened if the me-
chanical compression ratio is heightened by the variable
compression ratio mechanism.
[0015] In a fourteenth aspect based on the foregoing
aspect, the variable valve mechanism may change a
phase angle of the intake valve, of the aforementioned
valve characteristic, and an advanced-side limit angle of
the range of the phase angle in which the phase angle
is changeable may be retarded if the mechanical com-
pression ratio is heightened by the variable compression
ratio mechanism. In a fifteenth aspect based on the fore-
going aspect and not being part of the invention, the spark
ignition type internal combustion engine may further in-
clude a non-coupled variable valve mechanism that is
not mechanically coupled to the variable compression
ratio mechanism, separately from the variable valve
mechanism, and the non-coupled variable valve mech-
anism may change a valve characteristic, of the afore-
mentioned valve characteristic, which is different from
the valve characteristic that is changed by the variable
valve mechanism. In a sixteenth aspect based on the
foregoing aspect, the variable valve mechanism may be
controlled in accordance with the compression ratio-
changing operation amount of the variable compression
ratio mechanism so that a distance between a piston and
the intake valve or the exhaust valve when the piston is
at a compression top dead center is substantially con-
stant.
[0016] According to the invention, interference be-
tween the piston and the intake valve can be reliably pre-
vented, even in the case where an abnormality occurs in
an electrical control system of the variable compression
ratio mechanism or the variable valve mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing and further objects, features and
advantages of the invention will become apparent from
the following description of preferred embodiments with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and where-
in:

FIG. 1 is an overall diagram of a spark ignition type
internal combustion engine;
FIG. 2 is an exploded perspective view of a variable
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compression ratio mechanism;
FIGS. 3A and 3B are diagrammatical side sectional
views of an internal combustion engine;
FIG. 4 is a diagram showing a variable valve mech-
anism of a first embodiment of the invention;
FIG. 5 is a diagram showing the operation angle and
the amount of lift of an intake valve or an exhaust
valve;
FIG. 6 is a diagram showing an engine body and a
link mechanism;
FIGS. 7A, 7B and 7C are enlarged diagrams of the
link mechanism shown in FIG. 6;
FIGS. 8A and 8B are diagrams showing a relation-
ship regarding the displacement caused by the link
mechanism, and a relationship between the me-
chanical compression ratio and the operation angle,
respectively;
FIGS. 9A and 9B are diagrams each showing chang-
es in the lift of the intake valve and of the exhaust
valve, and a piston interference line;
FIG. 10 is a diagram showing another example of a
link mechanism;
FIGS. 11A and 11B are diagrams showing a timing-
related mechanism;
FIG. 12 is a diagram showing changes in the lift of
the intake valve and the exhaust valve, and the piston
interference line;
FIG. 13 is a diagram showing a variable valve mech-
anism of a third embodiment;
FIG. 14 is a diagram showing the phase angle of the
intake valve or the exhaust valve;
FIGS. 15A, 15B and 15C are diagrams showing
changes in the lift of the intake valve and the exhaust
valve and a piston interference line in different en-
gine operation regions;
FIG. 16 is a diagram showing operation regions;
FIG. 17 is a diagram showing a phase angle-chang-
ing mechanism of a fourth embodiment of the inven-
tion;
FIGS. 18A and 18B are diagrams showing a supply
shut-off valve;
FIG. 19 is a diagram showing a form of coupling be-
tween an operation angle-changing mechanism and
a link mechanism in a fifth embodiment;
FIG. 20 is a diagram showing a range in which the
operation angle can be changed in the fifth embod-
iment; and
FIG. 21 is a diagram showing a modification of the
fifth embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] FIG. 1 shows a side sectional view of a spark
ignition type internal combustion engine. FIG. 1 shows a
crankcase 1, a cylinder block 2, a cylinder head 3, a piston
4, a combustion chamber 5, an ignition plug 6 disposed
in a central portion of an uppermost surface of the com-
bustion chamber 5, an intake valve 7, an intake port 8,

an exhaust valve 9, and an exhaust port 10. The intake
port 8 is connected to a surge tank 12 via an intake branch
pipe 11. Each intake branch pipe 11 is provided with a
fuel injection valve 13 that injects fuel into a correspond-
ing one of the intake ports 8. In addition, the fuel injection
valves 13 may be disposed in the combustion chambers
5 instead of being mounted on the intake branch pipes 11.
[0019] The surge tank 12 is connected to an outlet
opening of a compressor 15a of an exhaust turbocharger
15 via an intake duct 14. An inlet opening of the com-
pressor 15a is connected to an air cleaner 17, for exam-
ple, via an intake air amount detector 16 that employs,
for example, a heat wire. A throttle valve 19 that is driven
by an actuator 18 is disposed in the intake duct 14.
[0020] On the other hand, the exhaust ports 10 are
connected to an inlet opening of an exhaust turbine 15b
of the exhaust turbocharger 15 via an exhaust manifold
20. An outlet opening of the exhaust turbine 15b is con-
nected, via an exhaust pipe 21, to a catalytic converter
22 that contains an exhaust purification catalyst. In the
exhaust pipe 21, an air-fuel ratio sensor 23 is disposed.
[0021] In the embodiment shown in FIG. 1, a variable
compression ratio mechanism A capable of changing the
volume of the combustion chamber 5 measured when
the piston 4 is positioned at the compression top dead
center (TDC), by changing the relative position of the
crankcase 1 and the cylinder block 2 in the cylinder axis
direction, is provided at a coupling portion between the
crankcase 1 and cylinder block 2. Furthermore, the em-
bodiment includes an intake variable valve mechanism
B capable of changing a valve characteristic of the intake
valve 7, and an exhaust variable valve mechanism C
capable of changing the valve characteristic of the ex-
haust valve 9.
[0022] An electronic control unit 30 is made up of a
digital computer, and has a bidirectional buss 31, a ROM
(read-only memory) 32, a RAM (random access memory)
33, a CPU (microprocessor) 34, an input port 35, and an
output port 36. An output signal of the intake air amount
detector 16 and an output signal of the air-fuel ratio sen-
sor 23 are input to the input port 35 via corresponding
AD converters 37. Besides, a load sensor 41 that gen-
erates output voltage proportional to the amount of de-
pression of an accelerator pedal 40 is connected to the
accelerator pedal 40. An output voltage of the load sensor
41 is input to the input port 35 via a corresponding AD
converter 37. Furthermore, a crank angle sensor 42 that
generates an output pulse every time a crankshaft ro-
tates, for example, 30°, is connected to the input port 35.
On the other hand, the output port 36 of the electronic
control unit 30 is connected to the ignition plug 6, the fuel
injection valve 13, the throttle valve-driving actuator 18,
and the variable compression ratio mechanism A, via cor-
responding drive circuits 38.
[0023] FIG. 2 is an exploded perspective view of the
variable compression ratio mechanism A shown in FIG.
1. FIGS. 3A and 3B are diagrammatically shown side
sectional views of the internal combustion engine. Re-
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ferring to FIG. 2, a lower portion of each of two side walls
of the cylinder block 2 has a plurality of protruded portions
50 that are spaced from each other. Each protruded por-
tion 50 has a cam insert hole 51 that is circular in section.
On the other hand, an upper wall surface of the crankcase
1 has a plurality of protruded portions 52 spaced from
each other which are fitted between the corresponding
protruded portions 50. Each protruded portion 52 also
has a cam insert hole 53 that is circular in section.
[0024] As shown in FIG. 2, a pair of camshafts 54, 55
are provided. Each of the camshafts 54, 55 has a plurality
of circular cams 56 each of which is rotatably inserted
into a corresponding one of the cam insert holes 51. That
is, the circular cams 56 are fixed to the camshafts 54, 55
at positions that correspond to the positions of the cam
insert holes 51. Each of the circular cams 56 has the
same rotation axis as a corresponding one of the cam
shafts 54, 55. In the camshafts 54 and 55, eccentric
shafts 57 extend respectively as shown by hatching in
FIGS. 3A and 3B. The eccentric shafts 57 of each cam-
shaft 54, 55 are disposed eccentrically from the rotation
axis of the camshaft. Circular cams 58 different from the
circular cams 56 are mounted on the eccentric shafts 57
so as to be eccentrically rotatable. As shown in FIG. 2,
the circular cams 58 are disposed between the circular
cams 56s, and each of the circular cams 58s is inserted
into a corresponding one of the cam insert holes 53.
[0025] If from a state as show in FIG. 3A, the camshafts
54, 55 to which the circular cams 56 fixed are rotated in
opposite directions shown by solid-line arrows in FIG.
3A, the eccentric shafts 57 move toward a lower middle
position, so that the circular cams 58 rotate in the cam
insert holes 53 in the rotation direction opposite to the
rotation direction of the circular cams 56, as shown by
dashed-line arrows in FIG. 3A. Therefore, when the ec-
centric shafts 57 move to the lower middle as shown in
FIG. 3B, the center axis of the circular cams 58 moves
to a position under the eccentric shafts 57.
[0026] As can be seen from the comparison between
FIG. 3A and FIG. 3B, the relative positions of the crank-
case 1 and the cylinder block 2 are determined by the
distance between the center of the circular cams 56 and
the center of the circular cams 58, and the cylinder block
2 becomes further apart from the crankcase 1 as the
distance between the center of the circular cams 56 and
the center of the circular cams 58 becomes greater. As
the cylinder block 2 moves apart from the crankcase 1,
the volume of the combustion chamber 5 measured when
the piston 4 is positioned at the compression top dead
center increases. Thus, the volume of the combustion
chamber 5 measured when the piston 4 is positioned at
the compression top dead center can be changed by ro-
tating the camshafts 54, 55.
[0027] As shown in FIG. 2, in order to rotate the cam-
shafts 54, 55 in directions opposite to each other, a pair
of worm gears 61, 62 whose spiral directions are opposite
to each other are mounted on the rotation shaft of a drive
motor 59. Gears 63, 64 meshing with the worm gears 61,

62 are fixed to end portions of the camshafts 54, 55,
respectively. In this embodiment, by driving the drive mo-
tor 59, the volume of the combustion chamber 5 when
the piston 4 is positioned at the compression top dead
center can be changed over a wide range. Incidentally,
the variable compression ratio mechanism A shown in
FIGS. 1 to 3A and 3B is merely illustrative, and any type
of variable compression ratio mechanism may be used
in the invention.
[0028] FIG. 4 shows an intake variable valve mecha-
nism B that is provided for a camshaft 70 that is employed
to drive the intake valve 7 shown in FIG. 1. As shown in
FIG. 4, this embodiment has, as an intake variable valve
mechanism B, an operation angle-changing mechanism
B1 that is disposed between the camshaft 70 and a valve
lifter 24 of the intake valve 7 and that changes the oper-
ation angle of a cam of the camshaft 70 and transmits
the changed operation angle to the intake valve 7. Inci-
dentally, FIG. 4 shows a side sectional view and a plan
view of the operation angle-changing mechanism B1.
[0029] The operation angle-changing mechanism B1
of the intake variable valve mechanism B will be de-
scribed. This operation angle-changing mechanism B1
includes a control rod 90 that is disposed parallel to the
camshaft 70 and that is moved in the direction of the axis
thereof by a link mechanism 100 described below, an
intermediate cam 94 that engages with a cam 92 of the
camshaft 70 and that is slidably fitted to a spline 93 that
is formed on the control rod 90 and extends in the direc-
tion of the axis, and an oscillating cam 96 that engages
with the valve lifter 24 in order to drive the intake valve
7 and that is oscillatably fitted to a spline 95 that is formed
on the control rod 90 and extends in a spiral fashion. A
cam 97 is formed on the oscillating cam 96.
[0030] When the camshaft 70 rotates, the intermediate
cam 94 is oscillated through a constant angle by the cam
92, and therefore the oscillating cam 96 is also oscillated
through the constant angle. The intermediate cam 94 and
the oscillating cam 96 are supported so as to be immov-
able in the direction of the axis of the control rod 90.
Therefore, when the control rod 90 is moved in the direc-
tion of the axis by the link mechanism 100, the oscillating
cam 96 is rotated relative to the intermediate cam 94.
[0031] In the case where as soon as the cam 92 of the
camshaft 70 begins to engage with the intermediate cam
94, the cam 97 of the oscillating cam 96 begins to engage
with the valve lifter 24 due to the relative rotational posi-
tional relationship between the intermediate cam 94 and
the oscillating cam 96, the open valve period (i.e., the
operation angle) and the amount of lift of the intake valve
7 become the greatest as shown by a in FIG. 5. If from
this state, the oscillating cam 96 is relatively rotated in
the direction of an arrow Y in FIG. 4 with respect to the
intermediate cam 94 by the link mechanism 100, the en-
gagement of the cam 92 of the camshaft 70 with the in-
termediate cam 94 is followed by a certain amount of
time before the cam 96 of the oscillating cam 96 engages
with the valve lifter 24. In this case, as shown by b in FIG.
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5, the open valve period and the amount of lift of the
intake valve 7 become smaller than in the case shown
by a.
[0032] If the oscillating cam 96 is relatively rotated fur-
ther in the direction of the arrow Y in FIG. 4 with respect
the intermediate cam 94, the open valve period and the
amount of lift of the intake valve 7 become further smaller,
as shown by c in FIG. 5. That is, the open valve period
of the intake valve 7 can be freely varied to a given du-
ration by changing the relative rotational position be-
tween the intermediate cam 94 and the oscillating cam
96 via the link mechanism 100. Incidentally, in this case,
the amount of lift of the intake valve 7 becomes smaller
as the open valve period of the intake valve 7 becomes
shorter.
[0033] In this manner, the open valve period (i.e., the
operation angle) and the amount of lift of the intake valve
7 can be changed by the operation angle-changing
mechanism B1.
[0034] Incidentally, the operation angle-changing
mechanism B1 shown in FIGS. 1 and 4 is merely illus-
trative, and any of various types of operation angle-
changing mechanisms other than the type shown in
FIGS. 1 and 4 may be used in the invention. Besides,
the exhaust variable valve mechanism C has basically
the same construction as the intake variable valve mech-
anism B, and is capable of changing the open valve pe-
riod (operation angle) and the amount of lift of the exhaust
valve 9.
[0035] FIGS. 6 and 7A to 7C show the link mechanism
100 provided for controlling the operation angle-chang-
ing mechanism B1 of the variable valve mechanism B,
that is, for moving the control rod 90 in the direction of
the axis. As shown in FIGS. 6 and 7A to 7C, the link
mechanism 100 has a stationary-side member 101 cou-
pled to the crankcase 1, and a mobile-side member 102
coupled to the cylinder block 2 or the cylinder head 3 (the
cylinder head 3 in this embodiment). The stationary-side
member 101 is a substantially linear member, and an
end portion thereof is fixed to the crankcase 1, and an-
other end portion thereof is provided with a pin 103. On
the other hand, the mobile-side member 102 is an "L"-
shape member having two leg portions 102a, 102b. A
distal end of a leg portion 102a of the two leg portions is
provided with a slot 104 that extends in the direction of
an axis of the leg portion, and a distal end portion of the
other leg portion 102b is coupled to the control rod 90.
[0036] A joining portion between the two leg portions
102a, 102b of the mobile-side member 102 is coupled to
an oscillating shaft 105, so that the mobile-side member
102 is oscillatable about the oscillating shaft 105. The
oscillating shaft 105 is coupled to a head-fixed member
106 that is fixed to the cylinder head 3. The pin 103 of
the stationary-side member 101 is fitted in the slot 104
of the mobile-side member 102 so that the pin 103 is
slidable in the slot 104.
[0037] When the cylinder head 3 is moved so as to
approach the crankcase 1 by the operation of the variable

compression ratio mechanism A (in the direction shown
by arrows L in FIGS. 6 and 7A to 7C), the leg portion
102a of the mobile-side member 102 is pushed up by the
pin 103, pivoting to a position M shown by a dashed line
in FIG. 7A. Along with this motion, the mobile-side mem-
ber 102 pivots about the oscillating shaft 105, so that the
control rod 90 is moved in the direction shown by arrows
O.
[0038] Conversely, if the cylinder head 3 is moved
away from the crankcase 1 (in the direction opposite to
the direction of the arrow L in the drawings) by the oper-
ation of the variable compression ratio mechanism A, the
leg portion 102a of the mobile-side member 102 is
pushed down by the pin 103, pivoting to a position N
shown by a dashed line in FIG. 7A. Along with this motion,
the mobile-side member 102 pivots about the oscillating
shaft 105, so that the control rod 90 is moved in the di-
rection opposite to the direction of the arrow O.
[0039] The operation angle-changing mechanism of
the exhaust variable valve mechanism C is also coupled
to the variable compression ratio mechanism A by a link
mechanism in substantially the same manner as de-
scribed above.
[0040] Next, with reference to FIG. 7A and FIGS. 8A
and 8B, the operation of the variable compression ratio
mechanism A and the intake variable valve mechanism
B constructed as described above will be described. FIG.
8A is a diagram showing a relationship between the dis-
placement x of the cylinder head 3 in the direction of the
arrow L and the displacement y of the control rod 90 in
the direction of the arrow O. FIG. 8B is a diagram showing
a relationship between the mechanical compression ratio
determined by the variable compression ratio mecha-
nism A and the operation angle of the intake valve 7 de-
termined by the operation angle-changing mechanism
B1. The following description will be given in conjunction
with a case where the exhaust variable valve mechanism
C is not operated, that is, a case where the operation
angle and the amount of lift of the exhaust valve 9 remain
unchanged, as an example. However, substantially the
same control as described below can also be performed
for the exhaust variable valve mechanism C.
[0041] In the case of the link mechanism 100 construct-
ed as shown in FIG. 7A, the displacement x and the dis-
placement y have a relationship shown by a curve a in
FIG. 8A. That is, when the displacement x of the cylinder
head 3 in the direction of the arrow L is small, the dis-
placement y of the control rod 90 in the direction of the
arrow O is also small. Due to the operation of the variable
compression ratio mechanism, as the displacement x of
the cylinder head 3 in the direction of the arrow L becomes
larger, the displacement y becomes larger.
[0042] In this embodiment, the variable compression
ratio mechanism A is constructed so that the mechanical
compression ratio heightens if the cylinder block 2 and
the cylinder head 3 move toward the crankcase 1, as
described above. The operation angle-changing mech-
anism B1 of the intake variable valve mechanism B is
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constructed so that the operation angle and the amount
of lift of the intake valve 7 become smaller if the control
rod 90 moves in the direction of the arrow O in FIG. 7A.
[0043] Therefore, when the mechanical compression
ratio determined by the variable compression ratio mech-
anism A is low, the displacement x of the cylinder head
3 in the direction of the arrow L is small, and therefore
the displacement y of the control rod 90 is also small, so
that the operation angle and the amount of lift of the intake
valve 7 are large. Conversely, if the mechanical com-
pression ratio becomes higher, the displacement x of the
cylinder head 3 in the direction of the arrow L becomes
larger, and therefore the displacement y of the control
rod 90 becomes also large, so that the operation angle
and the amount of lift of the intake valve 7 become small-
er. That is, the variable compression ratio mechanism A
and the operation angle-changing mechanism B1 oper-
ate due to the link mechanism 100 so that the mechanical
compression ratio and the operation angle have a rela-
tionship as shown by a curve a’ in FIG. 8B.
[0044] FIGS. 9A and 9B each show changes in the lift
of the intake valve 7, changes in the lift of the exhaust
valve 9, and a piston interference line that indicates a
limit of interference of the intake valve 7 or the exhaust
valve 9 with the piston 4. In FIGS. 9A and 9B, if the lift
curve of the exhaust valve 9 intersects with the piston
interference line, the exhaust valve 9 interferes with the
piston 4, and if the lift curve of the intake valve 7 intersects
with the piston interference line, the intake valve 7 inter-
feres with the piston 4.
[0045] FIG. 9A shows changes in the lift of the valves
and the like when the mechanical compression ratio is
relatively low. In this case, even when the piston 4 is
positioned at the top dead center, the upper surface of
the piston 4 and the upper surface of the combustion
chamber 5 are relatively apart from each other, so that
the piston interference line is at a high position as shown
in FIG. 9A. Therefore, as described above, if the opera-
tion angle and the amount of lift of the intake valve 7 are
made larger when the mechanical compression ratio is
low, the problem of interference between the piston 4
and the intake valve 7 does not occur.
[0046] FIG. 9B shows changes in the lift of the intake
valve 7, changes in the lift of the exhaust valve 9, and a
piston interference line. If the mechanical compression
ratio becomes high, the clearance between the upper
surface of the piston 4 and the upper surface of the com-
bustion chamber 5 occurring when the piston 4 is posi-
tioned at the top dead center is small; therefore, the prob-
lem of the interference between the piston 4 and the in-
take valve 7 occurs if the operation angle and the amount
of lift of the intake valve 7 are large as shown by a dashed
line in FIG. 9B.
[0047] In this embodiment, if the mechanical compres-
sion ratio becomes high, the operation angle and the
amount of lift of the intake valve 7 are made small as
described above, so that the lift change of the intake valve
7 becomes as shown by a solid line in FIG. 9B. Therefore,

even when the mechanical compression ratio becomes
high, the interference between the piston 4 and the intake
valve 7 can be prevented.
[0048] In particular, in the embodiment, the operation
angle of the intake valve 7 in the operation angle-chang-
ing mechanism B1 is changed in accordance with the
positional relationship between the cylinder head 3 and
crankcase 1 that are relatively moved by the variable
compression ratio mechanism A, that is, in accordance
with the mechanical compression ratio set by the variable
compression ratio mechanism A. In other words, in this
embodiment, the variable compression ratio mechanism
A is coupled to the operation angle-changing mechanism
B1 via a mechanical link mechanism without intervention
of the electronic control unit 30, the variable valve mech-
anism B is controlled in accordance with the amount of
operation for changing the compression ratio via the var-
iable compression ratio mechanism A (hereinafter, re-
ferred to as "compression ratio-changing operation
amount"), or in accordance with the mechanical com-
pression ratio set by the variable compression ratio
mechanism A.
[0049] It is to be noted herein that in the case where
the variable compression ratio mechanism A and the op-
eration angle-changing mechanism B are electrically
controlled independently of each other by the electronic
control unit 30, the control becomes complicated and, at
the same time, the piston 4 and the intake valve 7 will
interfere with each other if an abnormality should occur
in a portion of the control system. According to the em-
bodiment, however, the variable compression ratio
mechanism A and the operation angle-changing mech-
anism B1 are coupled via a mechanical link mechanism,
and the possibility of an abnormality occurring in the link
mechanism is very low in comparison with the possibility
of an abnormality occurring in the control system that is
complicated as described above. Thus, the embodiment
is able to reliably prevent interference between the piston
4 and the intake valve 7.
[0050] Incidentally, the variable valve mechanism may
be controlled in any manner as long as the operation
angle becomes smaller if the mechanical compression
ratio becomes higher, in order to reliably prevent inter-
ference between the piston 4 and the intake valve 7. For
example, the variable valve mechanism may be control-
led in accordance with the compression ratio-changing
operation amount of the variable compression ratio
mechanism so that the distance between the piston 4
and the intake valve 7 measured when the piston 4 is
positioned at the compression top dead center is sub-
stantially constant.
[0051] According to the embodiment, the relationship
between the mechanical compression ratio determined
by the variable compression ratio mechanism A and the
operation angle determined by the operation angle-
changing mechanism B1 can be changed merely by
changing the angle α between the two leg portions 102a,
102b of the mobile-side member 102 of the link mecha-
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nism 100. For example, if the angle α between the two
leg portions 102a, 102b is made small as shown in FIG.
7B, the displacement x in the direction L and the displace-
ment y in the direction O have a relationship as shown
by a curve b in FIG. 8A, so that the operation angle and
the mechanical compression ratio have a relationship as
shown by a curve b’ in FIG. 8B. That is, the operation
angle with respect to the mechanical compression ratio
becomes smaller in this case than in the case where the
mobile-side member 102 is constructed as shown in FIG.
7A.
[0052] Conversely, if the angel α between the two leg
portions 102a, 102b is made large as shown in FIG. 7C,
the displacement x in the direction L and the displace-
ment y in the direction O have a relationship as shown
by a curve c shown in FIG. 8A, so that the mechanical
compression ratio and the operation angle have a rela-
tionship as shown by a curve c’ in FIG. 8B. Specifically,
the operation angle with respect to the mechanical com-
pression ratio becomes larger in this case than in the
case where the mobile-side member 102 is constructed
as shown in FIG. 7C.
[0053] The above-described link mechanism is merely
illustrative, and any of various other link mechanisms
may be used as long as it can control the variable valve
mechanism in accordance with the mechanical compres-
sion ratio or the compression ratio-changing operation
amount of the variable compression ratio mechanism.
[0054] The link mechanism can be used not only for
the above-described type of the variable compression
ratio mechanism and the above-described type of the
operation angle-changing mechanism, but can also be
used for other various types of variable compression ratio
mechanisms and operation angle-changing mecha-
nisms
[0055] For example, for an operation angle-changing
mechanism capable of changing the operation angle and
the amount of lift of the intake valve by moving the cam-
shaft itself in the direction of the axis, substantially the
same mechanism as the foregoing link mechanism is em-
ployed to move the camshaft in the direction of the axis.
[0056] For example, if the operation angle-changing
mechanism is of a type that changes the operation angle
and the amount of lift of the valve by rotating a control
rod, for example, a link mechanism as shown in FIG. 10
may be adopted. In FIG. 10, the link mechanism has a
coupling rod 111 one of whose end portions has a rack
112, and another one of whose end portions is fixed to
a crankcase 1. The control rod 110 of the operation angle-
changing mechanism is provided with a pinion 113. The
rack 112 and the pinion 113 are meshed with each other.
Therefore, the control rod 110 can be rotated in accord-
ance with the relative movement between the crankcase
1 and the cylinder head 3.
[0057] Although in the embodiment, the link mecha-
nism is caused to control the operation angle-changing
mechanism by taking advantage of the relative motion
between the crankcase 1 and the combination of the cyl-

inder block 2 or the cylinder head 3, the variable com-
pression ratio mechanism A may be coupled to the link
mechanism in any manner as long as the operation angle
and the amount of lift of the intake valve or the exhaust
valve can be changed in accordance with the mechanical
compression ratio or the compression ratio-changing op-
eration amount of the variable compression ratio mech-
anism; for example, the link mechanism may be directly
coupled to the actuator 59 of the variable compression
ratio mechanism A, or the like.
[0058] Furthermore, in the foregoing embodiment, the
variable compression ratio mechanism A and the oper-
ation angle-changing mechanism B1 are coupled by a
mechanical link mechanism. However, the variable com-
pression ratio mechanism A and the operation angle-
changing mechanism B1 may be coupled in any manner,
for example, a manner using hydraulic pressure, or any
other manner, as long as the two mechanisms A and B1
are mechanically coupled.
[0059] Next, a second embodiment of the invention will
be described. This embodiment, similarly to the first em-
bodiment, has a variable compression ratio mechanism
A and a variable valve mechanism B. These mechanisms
are controlled in substantially the same manner as in the
first embodiment. However, in this embodiment, in ac-
cordance with the operation of the variable compression
ratio mechanism A, the changing of the phase angle of
the intake valve 7 is performed in addition to the changing
of the operation angle of the amount of lift thereof. In this
specification, the "phase angle" means a crank angle that
occurs when the lift of the intake valve 7 or the exhaust
valve 9 peaks.
[0060] FIGS. 11A and 11B show a timing-related
mechanism 120 provided on a side surface of an engine
body. The timing-related mechanism 120 has a reduction
gear 121 that meshes with a crank sprocket 1a fixed to
the crankshaft, and a chain belt 122. The chain belt 122
is wrapped around the reduction gear 121, an intake
sprocket 70a coupled to the intake camshaft 70, and an
exhaust sprocket 70a’ coupled to the exhaust camshaft,
and thus causes them to rotate in coordination.
[0061] When the variable compression ratio mecha-
nism A operates to move the cylinder head 3 and the like
relative to the crankcase 1 in the direction of the arrow L
in FIG. 6 and FIGS. 7A to 7C as described above, the
distance of the crank sprocket 1a to the intake sprocket
70a and the exhaust sprocket 70a’ shortens (from the
distance 1 to the distance l’ in FIGS. 11A and 11B). In
this embodiment, to prevent the chain belt 122 from slack-
ing when the inter-sprocket distance shortens, the reduc-
tion gear 121 is moved relative to the crank sprocket 1a
in a direction shown by an arrow P in FIG. 11B. This
movement rotates the reduction gear 121 by an angle
that corresponds to an angle β shown in FIG. 11B, in-
volving an advancement of the phase angles of the intake
valve 7 and the exhaust valve 9.
[0062] FIG. 12 is a diagram similar to FIGS. 9A and 9B
which shows lift changes of the intake valve 7 and the
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exhaust valve 9 and a piston interference line. In FIG.
12, the changes in the valve lift and the like occurring
when the mechanical compression ratio is low are shown
by dashed lines, and the changes in the valve lift and the
like occurring when the mechanical compression ratio is
high are shown by solid lines. As can be understood from
the diagrams, if the mechanical compression ratio be-
comes higher, the operation angle and the amount of lift
of the intake valve 7 are made smaller, and the timings
of the intake valve 7 and the exhaust valve 9 are both
advanced. However, the amount of timing advancement
of the intake valve 7 is such an amount that the intake
valve 7 does not interference with the piston 4.
[0063] If the compression ratio is heightened when the
engine load is high, that is, when the amount of air
charged in the cylinder is large, the possibility of knocking
heightens. Therefore, usually, the mechanical compres-
sion ratio is heightened only when the engine load is low.
In addition, when the engine load is low, there is a need
to lessen the amount of air charged in the cylinder. Usu-
ally, in that case, the in-cylinder charged air amount is
reduced by narrowing the opening of the throttle valve 19.
[0064] However, the reduction of the in-cylinder
charged air amount by narrowing the opening of the throt-
tle valve 19 results in an increased pumping loss. The
in-cylinder charged air amount can be controlled inde-
pendently of the throttle valve 19, for example, by shifting
the closing timing of the intake valve 7 in a direction away
from the intake bottom dead center (BDC). Thus, it is
preferable to control the in-cylinder charged air amount
through the use of the intake valve 7, independently of
the throttle valve 19, or in combination with the throttle
valve 19.
[0065] According to this embodiment, as can be seen
from FIG. 12, when the mechanical compression ratio
becomes higher, the phase angle of the intake valve 7
is advanced and the closing timing of the intake valve 7
is advanced. Therefore, the pumping loss can be re-
duced, and therefore the fuel economy can be improved.
[0066] In the embodiment, since the phase angle of
the exhaust valve 9 is also advanced in conjunction with
the advancement regarding the intake valve 7, the inter-
ference between the piston 4 and the exhaust valve 9
can be reliably prevented.
[0067] Although in the foregoing embodiment, the
phase angle of the intake valve 7 is advanced in accord-
ance with the operation of the variable compression ratio
mechanism A by the timing-related mechanism 120, any
other mechanism may be used as long as the mechanism
is able to change the phase angle of the intake valve 7
in accordance with the compression ratio-changing op-
eration amount of the variable compression ratio mech-
anism A through, via a mechanical construction.
[0068] Furthermore, although in the foregoing embod-
iment, the phase angle of the intake valve 7 and the phase
angle of the exhaust valve 9 are both advanced, a con-
struction in which the phase angle of only the intake valve
7 or only the exhaust valve 9 is advanced may instead

be adopted.
[0069] Next, a third embodiment of the invention will
be described. In this embodiment, the variable valve
mechanism B includes, besides the operation angle-
changing mechanism B1, a phase angle-changing mech-
anism B2 that is mounted on an end of the camshaft 70
and that is operated to change the phase of a cam of the
camshaft 70.
[0070] FIG. 13 shows an intake variable valve mech-
anism B provided for the camshaft 70 that is provided for
driving the intake valve 7. With reference to FIG. 13, a
phase angle-changing mechanism B2 of the intake var-
iable valve mechanism B will be described below. This
phase angle-changing mechanism B2 includes: a timing
pulley 71 that is rotated in the direction of an arrow X by
the crankshaft via a timing belt; a cylindrical housing 72
that rotates together with the timing pulley 71; a rotation
shaft 73 that rotates together with the camshaft 70 and
that is rotatable relative to the cylindrical housing 72; a
plurality of partition walls 74 that extend from an inner
peripheral surface of the cylindrical housing 72 to an outer
peripheral surface of the rotation shaft 73; and vanes 75
that are located between the partition walls 74 and that
extend from the outer peripheral surface of the rotation
shaft 73 to the inner peripheral surface of the cylindrical
housing 72. On both sides of each vane 75, a timing-
advancing hydraulic chamber 76 and a timing-retarding
hydraulic chamber 77 are formed.
[0071] The supply of working oil to the hydraulic cham-
bers 76, 77 is controlled by a working oil supply control
valve 78. The working oil supply control valve 78 includes
oil pressure ports 79, 80 connected to the hydraulic
chambers 76, 77, respectively, a supply port 82 of the
working oil ejected from a hydraulic pump 81, a pair of
drain ports 83, 84, and a spool valve 85 that controls the
communication/disconnection between the ports 79, 80,
82, 83, 84. The spool valve 85 is controlled by an actuator
86 that is connected to the output port 36 of the electronic
control unit 30 by a drive circuit 38.
[0072] When the phase of the cam of the camshaft 70
is to be advanced, the spool valve 85 is moved downward
in FIG. 13, so that the working oil supplied thereto through
the supply port 82 is supplied via the oil pressure port 79
to the timing-advancing hydraulic chamber 76, and the
working oil in the timing-retarding hydraulic chamber 77
is discharged through the drain port 84. At this time, the
rotation shaft 73 is relatively rotated in the direction of
the arrow X with respect to the cylindrical housing 72.
Therefore, the phase angle of the intake valve 7 is ad-
vanced (shifted in the direction of an arrow Q in FIG. 14).
[0073] On the other hand, when the phase of the cam
of the camshaft 70 is to be retarded, the spool valve 85
is moved upward in FIG. 13, so that the working oil sup-
plied thereto through the supply port 82 is supplied via
the oil pressure port 80 to the timing-retarding hydraulic
chamber 77, and the working oil in the timing-advancing
hydraulic chamber 76 is discharged through the drain
port 83. At this time, the rotation shaft 73 is relatively
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rotated in the direction opposite to the direction of the
arrow X with respect to the cylindrical housing 72. There-
fore, the phase angle of the intake valve 7 is retarded
(shifted in the direction of an arrow R in FIG. 14).
[0074] If the spool valve 85 is returned to a neutral po-
sition shown in FIG. 13 while the rotation shaft 73 is being
rotated relative to the cylindrical housing 72, the relative
rotation of the rotation shaft 73 is stopped, and the rota-
tion shaft 73 is held at the then relative rotational position.
Hence, using the phase angle-changing mechanism B2,
the phase of the cam of the camshaft 70 can be advanced
or retarded by a desired amount. That is, using the phase
angle-changing mechanism B2, the opening timing of the
intake valve 7 can be freely advanced or retarded to a
given timing.
[0075] Thus, the phase angle of the intake valve 7 can
be freely changed to a given phase angle by the phase
angle-changing mechanism B2.
[0076] As described above, in this embodiment, the
operation angle-changing mechanism B1 of the variable
valve mechanism B is mechanically coupled to the vari-
able compression ratio mechanism A via the link mech-
anism 100, whereas the phase angle-changing mecha-
nism B2 is not mechanically coupled to the variable com-
pression ratio mechanism A, but is controlled by the elec-
tronic control unit 30 in accordance with an engine oper-
ation parameter regarding the state of operation of the
engine (e.g., the engine load or the engine rotation
speed).
[0077] Incidentally, the phase angle-changing mecha-
nism B2 shown in FIG. 13 is merely illustrative, and any
of various types of phase angle-changing mechanisms
other than the mechanism shown in FIG. 13 may also be
used. Furthermore, the exhaust variable valve mecha-
nism C has basically the same construction as the intake
variable valve mechanism B, and can freely change the
phase angle of the exhaust valve 9 to a given phase
angle.
[0078] Next, with reference to FIGS. 15A, 15B, 15C
and 16, examples of controls using the variable compres-
sion ratio mechanism A and the variable valve mecha-
nism constructed B as described above will be described.
Although the following description will be given in con-
junction with a case where the exhaust variable valve
mechanism C is not operated, that is, a case where the
phase angle, the operation angle and the amount of lift
of the exhaust valve 9 remain unchanged, substantially
the same controls as described below can be performed
with regard to the exhaust variable valve mechanism C
as well.
[0079] FIGS. 15A, 15B and 15C are diagrams each
showing lift changes of the intake valve 7 and the exhaust
valve 9, and a piston interference line in different engine
operation regions. FIG. 16 is a diagram showing engine
operation regions. When the engine operation state is
within a high-load high-speed region, that is, when the
engine operation region is within a region I in FIG. 16,
the mechanical compression ratio is made low by the

variable compression ratio mechanism A, and the lifts of
the intake valve 7 and the exhaust valve 9 are changed
as shown in FIG. 15A. That is, since the mechanical com-
pression ratio is made low by the variable compression
ratio mechanism A, the operation angle and the amount
of lift of the intake valve 7 are correspondingly made large
automatically by the link mechanism 100. Besides, the
phase angle of the intake valve 7 is controlled by the
electronic control unit 30 in accordance with the engine
load so that the in-cylinder charged air amount becomes
optimal, or so that an operation parameter other than the
in-cylinder charged air amount becomes optimal.
[0080] Thus, when the engine operation state is within
a high-load high-rotation speed region, the mechanical
compression ratio is made low so as to prevent knocking;
besides, the operation angle and the amount of lift of the
intake valve 7 are made large and the phase angle there-
of is adjusted to an optimal value, so that a large amount
of air can be optimally charged into the cylinder.
[0081] When the engine operation state is within a low-
load low-rotation speed region, that is, within a region II
in FIG. 16, the mechanical compression ratio is made
high by the variable compression ratio mechanism A, and
the lifts of the intake valve 7 and the exhaust valve 9 are
changed as shown in FIG. 15B. That is, since the me-
chanical compression ratio is made high by the variable
compression ratio mechanism A, the operation angle and
the amount of lift of the intake valve 7 are correspondingly
made small automatically by the link mechanism 100.
Besides, the phase angle of the intake valve 7 is ad-
vanced by the electronic control unit 30.
[0082] Thus, when the engine operation state is within
a low-load low-rotation speed state, the thermal efficien-
cy of the internal combustion engine can be heightened
by heightening the mechanical compression ratio; be-
sides, the interference between the piston 4 and the in-
take valve 7 can be prevented since the operation angle
and the amount of lift of the intake valve 7 are made
small. Besides, since the phase angle of the intake valve
7 is advanced, the pumping loss can be reduced as de-
scribed above.
[0083] Incidentally, in this embodiment, the range of
the phase angle of the intake valve 7 controllable by the
electronic control unit 30 is restricted. In particular, the
phase angle of the intake valve 7 cannot be set on the
advanced side of a most-advanced phase angle R. The
most-advanced phase angle is a phase angle shown by
a dashed line R in FIGS. 15A to 15C, and is the most-
advanced phase angle within a range in which the piston
4 and the intake valve 7 do not interfere with each other
even when the compression ratio is high. Since the con-
trollable range of the phase angle of the intake valve 7
is set on the retarded side of the most-advanced phase
angle R, this embodiment reliably prevents the interfer-
ence between the piston 4 and the intake valve 7 over
the entire engine operation region.
[0084] Furthermore, at the time of a cold start of the
internal combustion engine, that is, when the in-cylinder
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temperature is low and the engine operation state is with-
in a region III in FIG. 16, the mechanical compression
ratio is made high by the variable compression ratio
mechanism A, and the lifts of the intake valve 7 and the
exhaust valve 9 are changed as shown in FIG. 15C. That
is, the mechanical compression ratio is made high by the
variable compression ratio mechanism A, and the oper-
ation angle and the amount of lift of the intake valve 7
are made small automatically by the link mechanism 100,
and the phase angle of the intake valve 7 is retarded by
the electronic control unit 30.
[0085] Thus, at the time of a cold start of the internal
combustion engine, the in-cylinder temperature can be
quickly raised since the mechanical compression ratio is
made high and the opening timing of the intake valve 7
is retarded.
[0086] Incidentally, although in the foregoing embodi-
ment, the mechanical compression ratio is changed in a
fashion of two divided regions of the engine operation
during ordinary operation of the internal combustion en-
gine (i.e., other than the cold start), that is, the high-load
high-rotation speed region, and the low-load low-rotation
speed region, the engine operation region may also be
divided into three or more regions, and the mechanical
compression ratio and the like may be correspondingly
changed. Furthermore, the mechanical compression ra-
tio and the like may also be changed continuously in ac-
cordance with the engine operation state.
[0087] Next, a fourth embodiment of the invention will
be described. The construction of this embodiment is ba-
sically the same as that of the third embodiment, except
that the construction of a phase angle-changing mecha-
nism B2 is different from that of the phase angle-changing
mechanism of the third embodiment, as described below.
[0088] FIG. 17 is a diagram showing the construction
of the phase angle-changing mechanism B2 in this em-
bodiment. The phase angle-changing mechanism B2, as
in the foregoing embodiments, includes a timing pulley
71, a cylindrical housing 72, a rotation shaft 73, partition
walls 74, and vanes 75. On both sides of each vane 75,
a timing-advancing hydraulic chamber 76 and a timing-
retarding hydraulic chamber 77 are formed.
[0089] The supply of working oil to the hydraulic cham-
bers 76, 77 is controlled by a working oil supply control
valve 130. The working oil supply control valve 130 in-
cludes oil pressure supply ports 131, 132 that supply
working oil to the hydraulic chambers 76, 77, respective-
ly, an oil pressure discharge port 133 for discharging
working oil from the hydraulic chambers 76, 77, a pair of
supply ports 134, 135 that supply the working oil ejected
from a hydraulic pump 81, a drain port 136, and a spool
valve 137 that controls the communication/disconnection
between the ports 131, 132, 133, 134, 135, 136. The
spool valve 137 is controlled by an actuator 139. The
actuator 139 is supplied with electric power from an elec-
tric power source 138, and is controlled by an output of
the electronic control unit 30.
[0090] In this embodiment, the timing-advancing hy-

draulic chamber 76 and the timing-retarding hydraulic
chamber 77 are both connected to the oil pressure dis-
charge port 133. From these hydraulic chambers 76, 77,
working oil is always discharged via the oil pressure dis-
charge port 133 and the drain port 136, independently of
the operational position of the spool valve 137.
[0091] When the spool valve 137 is at the neutral po-
sition shown in FIG. 17, the timing-advancing hydraulic
chamber 76 and the timing-retarding hydraulic chamber
77 are both supplied with working oil via the oil pressure
supply ports 132, 133, respectively so that the amount
of working oil supplied to the hydraulic chambers 76, 77
balances with the amount of working oil discharged there-
from. Thus, the rotation of the rotation shaft 73 relative
to the cylindrical housing 72 is stopped.
[0092] When the spool valve 137 is moved upward in
FIG. 17, the timing-advancing hydraulic chamber 76 is
supplied with working oil since the oil pressure supply
port 131 is open, and the timing-retarding hydraulic
chamber 77 discontinues to be supplied with the working
oil since the oil pressure supply port 132 is closed. As a
result, since the working oil is discharged from the timing-
retarding hydraulic chamber 77 without any working oil
supplied thereto, the rotation shaft 73 is relatively rotated
in the direction of the arrow X with respect to the cylin-
drical housing 72, and thus the phase angle of the intake
valve 7 is advanced.
[0093] Conversely, if the spool valve 137 is moved
downward in FIG. 17, the timing-retarding hydraulic
chamber 77 is supplied with working oil since the oil pres-
sure supply port 132 is open, whereas the timing-advanc-
ing hydraulic chamber 76 discontinues to be supplied
with working oil since the oil pressure supply port 131 is
closed. As a result, since working oil is discharged from
the timing-advancing hydraulic chamber 76 without any
working oil supplied thereto, the rotation shaft 73 is rel-
atively rotated in the direction opposite to the direction
of the arrow X with respect to the cylindrical housing 72,
and thus the phase angle of the intake valve 7 is retarded.
[0094] In the working oil supply control valve 130 in
this embodiment, the working oil is always discharged
from the timing-advancing hydraulic chamber 76 and the
timing-retarding hydraulic chamber 77. Therefore, if the
supply of the working oil from the hydraulic pump 81
stops, the working oil is discharged from both the timing-
advancing hydraulic chamber 76 and the timing-retarding
hydraulic chamber 77. In such a case, the rotation shaft
73 is relatively rotated, due to its inertia, furthest to the
advanced side with respect to the cylindrical housing 72.
[0095] In this embodiment, a supply shut-off valve 140
as shown in FIGS. 18A and 18B is provided between the
hydraulic pump 81 and the working oil supply control
valve 130. The supply shut-off valve 140, in this embod-
iment, provided within an oil passageway 141 that is
formed within the cylinder head 3. The supply shut-off
valve 140 includes a valve body 143 that opens and clos-
es an opening portion 142 of the oil passageway 141,
and a pipe-like member 144 that is directly or indirectly
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connected to the crankcase 1 and that moves in accord-
ance with the relative movement of the crankcase 1 with
respect to the cylinder head 3.
[0096] The valve body 143 is coupled to the pipe-like
member 144, and basically, is moved along with the
movement of the pipe-like member 144. Therefore, when
the pipe-like member 144 moves in a direction away from
the opening portion 142 of the oil passageway 141, the
valve body 143 departs from the opening portion 142,
opening the opening portion 142. Conversely, when the
pipe-like member 144 moves in the direction toward the
opening portion 142, the valve body 143 approaches the
opening portion 142, and closes the opening portion 142.
Incidentally, a spring 145 is provided between the valve
body 143 and the pipe-like member 144.
[0097] When the mechanical compression ratio deter-
mined by the variable compression ratio mechanism A
is low, that is, when the distance between the crankcase
1 and the cylinder head 3 is long, the pipe-lilce member
144 is positioned apart from the opening portion 142 as
shown in FIG. 18A, and therefore the opening portion
142 is open. When the mechanical compression ratio is
heightened by the variable compression ratio mecha-
nism A, that is, when the distance between the crankcase
1 and the cylinder head 3 becomes shorter, the pipe-like
member 144 correspondingly approaches the opening
portion 142 as shown in FIG. 18B, so that the opening
portion 142 is closed by the valve body 143.
[0098] That is, in this embodiment, when the mechan-
ical compression ratio determined by the variable com-
pression ratio mechanism A is low, the working oil is sup-
plied from the hydraulic pump 81 to the working oil supply
control valve 130. When the mechanical compression
ratio is heightened by the variable compression ratio
mechanism A, the supply of the working oil from the hy-
draulic pump 81 to the working oil supply control valve
130 is shut off by the supply shut-off valve 140. Therefore,
the working oil is discharged from both the timing-ad-
vancing hydraulic chamber 76 and the timing-retarding
hydraulic chamber 77, so that the rotation shaft 73 is
relatively rotated, due to its inertia, furthest to the ad-
vanced side with respect to the cylindrical housing 72.
Thus, the phase angle of the intake valve 7 is retarded.
[0099] That is, according to this embodiment, when the
mechanical compression ratio is heightened by the var-
iable compression ratio mechanism A, the phase angle
of the intake valve 7 is retarded. Thus, since the phase
angle of the intake valve 7 is retarded when the mechan-
ical compression ratio is high, the interference between
the piston 4 and the intake valve 7 can be reliably pre-
vented.
[0100] In this embodiment, the operation angle-chang-
ing mechanism B1 may be controlled by an actuator that
is controlled in accordance with an output of the electronic
control unit 30, instead of being mechanically coupled to
the variable compression ratio mechanism via the link
mechanism 100 or the like. Besides, the working oil sup-
ply control valve 78 shown in FIG. 13 may also be used

as a working oil supply control valve.
[0101] The foregoing control method for the variable
valve mechanism can be used not only for the foregoing
variable valve mechanism, but may also be used for var-
ious other types of variable valve mechanisms. For ex-
ample, the control method can be also applied to a var-
iable valve mechanism that has two cams whose cam
profiles are different from each other, and that hydrauli-
cally selects from these two cams a cam that acts on the
intake valve.
[0102] When the mechanical compression ratio is
heightened by the variable compression ratio mecha-
nism A, a method different from the foregoing method
may be used to retard the phase angle of the intake valve
7. For example, a switch coupled mechanically to the
variable compression ratio mechanism A may be provid-
ed between the electric power source 138 and the actu-
ator 139 provided for driving the spool valve 137 of the
working oil supply control valve 130, and this switch may
be turned off to prevent the supply of electric power to
the actuator 139 when the mechanical compression ratio
is heightened by the variable compression ratio mecha-
nism A. The actuator 139 is constructed so that, when
shut off from the supply of electric power, the actuator
139 moves the spool valve 137 downward in FIG. 17.
Therefore, at that time, the rotation shaft 73 is relatively
rotated, due to its inertia, furthest to the advanced side
with respect to the cylindrical housing 72, and thus the
phase angle of the intake valve 7 is retarded.
[0103] Or, in order to retard the phase angle of the
intake valve 7 when the mechanical compression ratio
is heightened by the variable compression ratio mecha-
nism A, a mechanism substantially the same as the
mechanism shown in FIGS. 11A and 11B may also be
used. For example, if the reduction gear 121 is disposed
on a side of the crank sprocket 1a that is opposite from
the side shown in FIGS. 11A and 11B, it becomes pos-
sible to retard the phase angle of the intake valve 7 when
the mechanical compression ratio is heightened. In ad-
dition, according to this construction, the phase angle
can be retarded continuously in accordance with the me-
chanical compression ratio.
[0104] Next, a fifth embodiment of the invention will be
described. This embodiment, similarly to the embodi-
ment, has a variable compression ratio mechanism A
and a variable valve mechanism B. These mechanisms
in this embodiment are controlled in substantially the
same manner as in the foregoing embodiments. Howev-
er, in this embodiment, the link mechanism 100 is not
coupled in a direct fashion as shown in FIGS. 4, 6 or 7,
but is coupled as shown in FIG. 19.
[0105] As shown in FIG. 19, the control rod 90 of the
operation angle-changing mechanism B1 is driven in the
direction of the axis thereof by an actuator 150, and has,
in the vicinity of the actuator 150, a protruded portion 151
that is protruded from an outer peripheral surface of the
control rod 90. On the other hand, the mobile-side mem-
ber 102 of the link mechanism 100 is coupled with a
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movement restriction member 152. The movement re-
striction member 152 has two annular stopper members
153, 154 that are positioned on the outer peripheral sur-
face of the control rod 90. The annular stopper members
153, 154 are slidable on the control rod 90 in the direction
of the axis of the control rod 90. The protruded portion
151 of the control rod 90 is located between the two an-
nular stopper members 153, 154.
[0106] When the control rod 90 is moved in either di-
rection along the axis thereof by the actuator 150, the
protruded portion 151 comes into contact with a corre-
sponding one of the annular stopper members 153, 154,
so that the control rod 90 cannot be further moved in that
direction. That is, the movement of the control rod 90 is
restricted by the annular stopper members 153, 154 so
that the control rod 90 can be moved only within the range
between the annular stopper members 153, 154. This
means that the operation angle and the amount of lift of
the intake valve 7 are restricted within predetermined
ranges.
[0107] On the other hand, the movement restriction
member 152 is coupled to the link mechanism 100 so as
to be moved in the direction of the axis of the control rod
90 in accordance with the compression ratio-changing
operation amount of the variable compression ratio
mechanism A. This means that, in accordance with the
compression ratio-changing operation amount of the var-
iable compression ratio mechanism A, that is, in accord-
ance with the mechanical compression ratio set by the
variable compression ratio mechanism A, the range in
which the control rod 90 can be moved is changed, and
therefore the ranges of the operation angle and the
amount of lift of the intake valve 7 in which they can be
changed by the actuator 150 are changed.
[0108] FIG. 20 is a diagram showing an example of a
relationship between the mechanical compression ratio
and the range of the operation angle in which it can be
changed by the actuator 150. In FIG. 20, a region Q
shown by hatching represents the range of the operation
angle in which it can be changed by the actuator 150. In
the example shown in FIG. 20, as the mechanical com-
pression ratio is made higher by the variable compres-
sion ratio mechanism A, the range of the operation angle
in which it can be changed by the actuator 150 is shifted
to smaller operation angles. That is, when the mechanical
compression ratio is low, the upper limit value (shown by
a straight line R in FIG. 20) of the range of the operation
angle in which it can be changed by the actuator 150 is
large. When the mechanical compression ratio is made
high by the variable compression ratio mechanism A, the
upper limit value of the range of the operation angle in
which it can be changed by the actuator 150 is made
small.
[0109] Since the upper limit value of the range in which
it can be changed by the actuator 150 is made small
when the mechanical compression ratio is made high as
described above, the interference between the piston 4
and the intake valve 7 can be prevented even when the

mechanical compression ratio is high. Furthermore,
since the operation angle of the intake valve 7 can be
changed, although in a predetermined range, in accord-
ance with the engine operation state, it becomes possible
to optimally operate the internal combustion engine.
[0110] Incidentally, the amount of valve lift can also be
controlled in substantially the same manner as in the ex-
ample shown in FIG. 20. This will also make it possible
to optimally operate the internal combustion engine while
preventing interference between the piston 4 and the in-
take valve 7. In addition, this embodiment is also appli-
cable to the exhaust variable valve mechanism C.
[0111] Although in the foregoing embodiment, the
ranges of the operation angle and the amount of valve
lift in which they can be changed by the actuator are
changed in accordance with the mechanical compres-
sion ratio, the range of the phase angle in which it can
be changed by the actuator may also be changed in ac-
cordance with the mechanical compression ratio. This
will be accomplished by combining the timing-related
mechanism 120 shown in FIGS. 11A and 11B and the
phase angle-changing mechanism B2 shown in FIG. 13.
In this case, if the mechanical compression ratio height-
ens, the advanced-side limit angle of the range of the
phase angle in which the phase angle can be changed
by the actuator is retarded. This makes it possible to pre-
vent interference between the piston 4 and the intake
valve 7 and also change the phase angle of the intake
valve 7, although in a predetermined range, in accord-
ance with the engine operation state through the use of
the actuator. Therefore, the internal combustion engine
can be optimally operated.
[0112] Furthermore, instead of providing the move-
ment restriction member 152, the actuator 150 may be
coupled directly to the mobile-side member 102 of the
link mechanism 100 as shown in FIG. 21. By adopting
this construction, too, the relationship between the me-
chanical compression ratio and the range of the phase
angle in which it can be changed by the actuator 150 can
be caused to be as shown in FIG. 20.
[0113] While the invention has been described with ref-
erence to what are considered to be preferred embodi-
ments thereof, it is to be understood that the invention is
not limited to the disclosed embodiments or construc-
tions. The invention is defined by the claims.

Claims

1. A spark ignition type internal combustion engine
comprising:

a variable compression ratio mechanism (A) that
changes a mechanical compression ratio; and
a variable valve mechanism (B, C) that changes
a first valve characteristic of an intake valve (7)
or an exhaust valve (9),
wherein the variable valve mechanism (B, C) is
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mechanically coupled to the variable compres-
sion ratio mechanism (A), and the variable valve
mechanism (B, C) is controlled in accordance
with a compression ratio-changing operation
amount of the variable compression ratio mech-
anism (A), and
the first valve characteristic of the intake valve
(7) or the exhaust valve (9) in the variable valve
mechanism (B, C) is controlled in accordance
with the compression ratio-changing operation
amount of the variable compression ratio mech-
anism (A),
wherein the variable compression ratio mecha-
nism (A) changes the mechanical compression
ratio by relatively moving a crankcase (1) and a
cylinder head (3) with respect to each other, and
the variable valve mechanism (B, C) is control-
led in accordance with a relative positional rela-
tionship between the crankcase (1) and the cyl-
inder head (3),
characterised in the spark ignition type internal
combustion engine further comprising a phase
angle-changing mechanism (B2) that changes
a second valve characteristic of the intake valve
(7) or the exhaust valve (9), which is different
from the first valve characteristic that is changed
by the variable valve mechanism (B, C), the
phase angle being a crank angle that occurs
when the lift of the intake valve (7) or the exhaust
valve (9) peaks,
wherein the phase angle-changing mechanism
(B2) is a timing-related mechanism (120) that is
mechanically coupled to the variable compres-
sion ratio mechanism (A) and to the variable
valve mechanism (B, C).

2. The spark ignition type internal combustion engine
according to claim 1, wherein the variable valve
mechanism (B, C) includes a link mechanism (100),
and is coupled to the variable compression ratio
mechanism (A) by the link mechanism.

3. The spark ignition type internal combustion engine
according to claim 2, wherein the variable compres-
sion ratio mechanism (A) includes an actuator (59)
for changing the mechanical compression ratio, and
the link mechanism (100) is coupled to the actuator.

4. The spark ignition type internal combustion engine
according to any one of claims 1 to 3, wherein the
variable valve mechanism (B, C) is an operation an-
gle-changing mechanism (B1) that changes an op-
eration angle of the intake valve (7) or the exhaust
valve (9), and the operation angle-changing mech-
anism (B1) controls the operation angle of the intake
valve (7) or the exhaust valve (9) so that the opera-
tion angle lessens if the mechanical compression
ratio is heightened by the variable compression ratio

mechanism (A).

5. The spark ignition type internal combustion engine
according to any one of claims 1 to 4, wherein the
variable valve mechanism (B, C) is a lift amount-
changing mechanism that changes a lift amount of
the intake valve (7) or the exhaust valve (9), and the
lift amount-changing mechanism controls the lift
amount of the intake valve (7) or the exhaust valve
(9) so that the lift amount lessens if the mechanical
compression ratio is heightened by the variable com-
pression ratio mechanism (A).

6. The spark ignition type internal combustion engine
according to any one of claims 1 to 5, wherein the
phase angle-changing mechanism (B2) advances a
phase angle of at least the intake valve of the intake
valve (7) and the exhaust valve (9), if an engine load
lessens.

7. The spark ignition type internal combustion engine
according to any one of claims 1 to 5, wherein the
phase angle-changing mechanism (B2) advances a
phase angle of at least the intake valve (7) of the
intake valve (7) and the exhaust valve (9), if the me-
chanical compression ratio is heightened by the var-
iable compression ratio mechanism (A).

8. The spark ignition type internal combustion engine
according to any one of claims 1 to 7, wherein the
variable valve mechanism (B, C) changes the first
valve characteristic of the intake valve (7) or the ex-
haust valve (9) in accordance with the compression
ratio-changing operation amount of the variable
compression ratio mechanism (A) and also with an
engine operation parameter other than the compres-
sion ratio-changing operation amount of the variable
compression ratio mechanism (A), and a range of
the first valve characteristic of the intake valve (7) or
the exhaust valve (9) in which the first valve charac-
teristic is changeable in accordance with the engine
operation parameter other than the compression ra-
tio-changing operation amount of the variable com-
pression ratio mechanism (A) is controlled in accord-
ance with the compression ratio-changing operation
amount of the variable compression ratio mecha-
nism (A).

9. The spark ignition type internal combustion engine
according to claim 8, wherein the variable valve
mechanism (B, C) is an operation angle-changing
mechanism (B1) that changes an operation angle of
the intake valve (7) or the exhaust valve (9), and the
operation angle-changing mechanism (B1) restricts
the range of the operation angle in which the oper-
ation angle is changeable in a range of the operation
angle so that an upper limit value of the range of the
operation angle is lessened if the mechanical com-
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pression ratio is heightened by the variable compres-
sion ratio mechanism (A).

10. The spark ignition type internal combustion engine
according to claim 8 or 9, wherein the variable valve
mechanism (B, C) is a lift amount-changing mecha-
nism that changes a lift amount of the intake valve
(7) or the exhaust valve (9), and the lift amount-
changing mechanism restricts the range of the lift
amount in which the lift amount is changeable in a
range of the lift amount so that an upper limit value
of the range of the lift amount is lessened if the me-
chanical compression ratio is heightened by the var-
iable compression ratio mechanism (A).

11. The spark ignition type internal combustion engine
according to any one of claims 8 to 10, wherein:

a phase angle-changing mechanism (B2)
changes a phase angle of the intake valve (7),
and
the phase angle-changing mechanism (B2) ad-
vances the phase angle of the intake valve (7)
and retards an advanced-side limit angle of the
range of the phase angle in which the phase
angle is changeable, if the mechanical compres-
sion ratio is heightened by the variable compres-
sion ratio mechanism (A).

12. The spark ignition type internal combustion engine
according to any one of claims 1 to 11, wherein the
variable valve mechanism (B, C) is controlled in ac-
cordance with the compression ratio-changing op-
eration amount of the variable compression ratio
mechanism (A) so that a distance between a piston
(4) and the intake valve (7) or the exhaust valve (9)
when the piston (4) is at a compression top dead
center is substantially constant.

Patentansprüche

1. Verbrennungsmotor vom Funkenzündungstyp, um-
fassend:

einen variablen Verdichtungsverhältnismecha-
nismus (A), der ein mechanisches Verdich-
tungsverhältnis ändert, und
einen variablen Ventilmechanismus (B, C), der
eine erste Ventilcharakteristik eines Einlassven-
tils (7) oder eines Auslassventils (9) ändert,
wobei der variable Ventilmechanismus (B, C)
mit dem variablen Verdichtungsverhältnisme-
chanismus (A) mechanisch gekoppelt ist und
der variable Ventilmechanismus (B, C) gemäß
einem verdichtungsverhältnisändernden Betäti-
gungsausmaß des variablen Verdichtungsver-
hältnismechanismus (A) gesteuert wird und

die erste Ventilcharakteristik des Einlassventils
(7) oder des Auslassventils (9) in dem variablen
Ventilmechanismus (B, C) gemäß dem verdich-
tungsverhältnisändernden Betätigungsausmaß
des variablen Verdichtungsverhältnismecha-
nismus (A) gesteuert wird,
wobei der variable Verdichtungsverhältnisme-
chanismus (A) das mechanische Verdichtungs-
verhältnis durch relatives Bewegen eines Kur-
belgehäuses (1) und eines Zylinderkopfes (3) in
Bezug aufeinander ändert und der variable Ven-
tilmechanismus (B, C) gemäß einer relativen La-
gebeziehung zwischen dem Kurbelgehäuse (1)
und dem Zylinderkopf (3) gesteuert wird, da-
durch gekennzeichnet, dass
der Verbrennungsmotor vom Funkenzün-
dungstyp ferner einen Phasenwinkelände-
rungsmechanismus (B2) umfasst, der eine
zweite Ventilcharakteristik des Einlassventils
(7) oder des Auslassventils (9) ändert, die von
der ersten Ventilcharakteristik, welche durch
den variablen Ventilmechanismus (B, C) geän-
dert wird, verschieden ist, wobei der Phasen-
winkel ein Kurbelwinkel ist, der auftritt, wenn der
Hub des Einlassventils (7) oder des Auslassven-
tils (9) das Maximum erreicht,
wobei der Phasenwinkeländerungsmechanis-
mus (B2) ein steuerzeitbezogener Mechanis-
mus (120) ist, der mit dem variablen Verdich-
tungsverhältnismechanismus (A) und mit dem
variablen Ventilmechanismus (B, C) mecha-
nisch gekoppelt ist.

2. Verbrennungsmotor vom Funkenzündungstyp nach
Anspruch 1, wobei der variable Ventilmechanismus
(B, C) einen Verbindungsmechanismus (100) um-
fasst und durch den Verbindungsmechanismus mit
dem variablen Verdichtungsverhältnismechanis-
mus (A) gekoppelt ist.

3. Verbrennungsmotor vom Funkenzündungstyp nach
Anspruch 2, wobei der variable Verdichtungsverhält-
nismechanismus (A) einen Aktor (59) zum Ändern
des mechanischen Verdichtungsverhältnisses um-
fasst und der Verbindungsmechanismus (100) mit
dem Aktor gekoppelt ist.

4. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 1 bis 3, wobei der
variable Ventilmechanismus (B, C) ein Betätigungs-
winkeländerungsmechanismus (B1) ist, der einen
Betätigungswinkel des Einlassventils (7) oder des
Auslassventils (9) ändert, und der Betätigungswin-
keländerungsmechanismus (B1) den Betätigungs-
winkel des Einlassventils (7) oder des Auslassventils
(9) derart steuert, dass der Betätigungswinkel klei-
ner wird, wenn das mechanische Verdichtungsver-
hältnis durch den variablen Verdichtungsverhältnis-
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mechanismus (A) erhöht wird.

5. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 1 bis 4, wobei der
variable Ventilmechanismus (B, C) ein Hu-
bausmaßänderungsmechanismus ist, der ein Hu-
bausmaß des Einlassventils (7) oder des Auslass-
ventils (9) ändert, und der Hubausmaßänderungs-
mechanismus das Hubausmaß des Einlassventils
(7) oder des Auslassventils (9) derart steuert, dass
das Hubausmaß kleiner wird, wenn das mechani-
sche Verdichtungsverhältnis durch den variablen
Verdichtungsverhältnismechanismus (A) erhöht
wird.

6. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 1 bis 5, wobei der
Phasenwinkeländerungsmechanismus (B2) einen
Phasenwinkel von mindestens dem Einlassventil
aus der Gruppe umfassend das Einlassventil (7) und
das Auslassventil (9) nach früh verstellt, wenn eine
Motorlast kleiner wird.

7. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 1 bis 5, wobei der
Phasenwinkeländerungsmechanismus (B2) einen
Phasenwinkel von mindestens dem Einlassventil (7)
aus der Gruppe umfassend das Einlassventil (7) und
das Auslassventil (9) nach früh verstellt, wenn das
mechanische Verdichtungsverhältnis durch den va-
riablen Verdichtungsverhältnismechanismus (A) er-
höht wird.

8. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 1 bis 7, wobei der
variable Ventilmechanismus (B, C) die erste Ven-
tilcharakteristik des Einlassventils (7) oder des Aus-
lassventils (9) gemäß dem verdichtungsverhältnis-
ändernden Betätigungsausmaß des variablen Ver-
dichtungsverhältnismechanismus (A) und auch ei-
nem anderen Motorbetriebsparameter als dem ver-
dichtungsverhältnisändernden Betätigungsausmaß
des variablen Verdichtungsverhältnismechanismus
(A) ändert und ein Bereich der ersten Ventilcharak-
teristik des Einlassventils (7) oder des Auslassven-
tils (9), in dem die erste Ventilcharakteristik gemäß
dem anderen Motorbetriebsparameter als dem ver-
dichtungsverhältnisändernden Betätigungsausmaß
des variablen Verdichtungsverhältnismechanismus
(A) veränderbar ist, gemäß dem verdichtungsver-
hältnisändernden Betätigungsausmaß des variab-
len Verdichtungsverhältnismechanismus (A) ge-
steuert wird.

9. Verbrennungsmotor vom Funkenzündungstyp nach
Anspruch 8, wobei der variable Ventilmechanismus
(B, C) ein Betätigungswinkeländerungsmechanis-
mus (B1) ist, der einen Betätigungswinkel des Ein-

lassventils (7) oder des Auslassventils (9) ändert,
und der Betätigungswinkeländerungsmechanismus
(B1) den Bereich des Betätigungswinkels, in dem
der Betätigungswinkel in einem Bereich des Betäti-
gungswinkels veränderbar ist, derart einschränkt,
dass ein oberer Grenzwert des Bereichs des Betä-
tigungswinkels reduziert wird, wenn das mechani-
sche Verdichtungsverhältnis durch den variablen
Verdichtungsverhältnismechanismus (A) erhöht
wird.

10. Verbrennungsmotor vom Funkenzündungstyp nach
Anspruch 8 oder 9, wobei der variable Ventilmecha-
nismus (B, C) ein Hubausmaßänderungsmechanis-
mus ist, der ein Hubausmaß des Einlassventils (7)
oder des Auslassventils (9) ändert, und der Hu-
bausmaßänderungsmechanismus den Bereich des
Hubausmaßes, in dem das Hubausmaß in einem
Bereich des Hubausmaßes veränderbar ist, derart
einschränkt, dass ein oberer Grenzwert des Be-
reichs des Hubausmaßes reduziert wird, wenn das
mechanische Verdichtungsverhältnis durch den va-
riablen Verdichtungsverhältnismechanismus (A) er-
höht wird.

11. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 8 bis 10, wobei:

ein Phasenwinkeländerungsmechanismus (B2)
einen Phasenwinkel des Einlassventils (7) än-
dert und
der Phasenwinkeländerungsmechanismus
(B2) den Phasenwinkel des Einlassventils (7)
nach früh verstellt und einen Grenzwinkel auf
der frühen Seite des Bereichs des Phasenwin-
kels, in dem der Phasenwinkel veränderbar ist,
nach spät verstellt, wenn das mechanische Ver-
dichtungsverhältnis durch den variablen Ver-
dichtungsverhältnismechanismus (A) erhöht
wird.

12. Verbrennungsmotor vom Funkenzündungstyp nach
einem beliebigen der Ansprüche 1 bis 11, wobei der
variable Ventilmechanismus (B, C) gemäß dem ver-
dichtungsverhältnisändernden Betätigungsausmaß
des variablen Verdichtungsverhältnismechanismus
(A) derart gesteuert wird, dass ein Abstand zwischen
einem Kolben (4) und dem Einlassventil (7) oder dem
Auslassventil (9), wenn der Kolben (4) an einem obe-
ren Verdichtungstotpunkt ist, im Wesentlichen kon-
stant ist.

Revendications

1. Moteur à combustion interne du type à allumage par
étincelle comportant :
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un mécanisme de taux de compression variable
(A) qui change un taux de compression
mécanique ; et
un mécanisme de soupape variable (B, C) qui
change une première caractéristique de soupa-
pe d’une soupape d’admission (7) ou d’une sou-
pape d’échappement (9),
dans lequel le mécanisme de soupape variable
(B, C) est mécaniquement couplé au mécanis-
me de taux de compression variable (A), et le
mécanisme de soupape variable (B, C) est com-
mandé en fonction d’une quantité d’opération
de changement de taux de compression du mé-
canisme de taux de compression variable (A), et
la première caractéristique de soupape de la
soupape d’admission (7) ou de la soupape
d’échappement (9) dans le mécanisme de sou-
pape variable (B, C) est commandée en fonction
de la quantité d’opération de changement de
taux de compression du mécanisme de taux de
compression variable (A),
dans lequel le mécanisme de taux de compres-
sion variable (A) change le taux de compression
mécanique en déplaçant de manière relative un
carter (1) et une culasse (3) l’un par rapport à
l’autre, et le mécanisme de soupape variable (B,
C) est commandé en fonction d’une relation de
position relative entre le carter (1) et la culasse
(3),
caractérisé en ce que
le moteur à combustion interne du type à allu-
mage par étincelle comporte en outre un méca-
nisme de changement d’angle de phase (B2)
qui change une deuxième caractéristique de
soupape de la soupape d’admission (7) ou de
la soupape d’échappement (9), qui est différente
de la première caractéristique de soupape qui
est changée par le mécanisme de soupape va-
riable (B, C), l’angle de phase étant un angle de
vilebrequin qui se produit quand la levée de la
soupape d’admission (7) ou de la soupape
d’échappement (9) est au maximum,
dans lequel le mécanisme de changement d’an-
gle de phase (B2) est un mécanisme lié au ca-
lage temporel (120) qui est mécaniquement relié
au mécanisme de taux de compression variable
(A) et au mécanisme de soupape variable (B, C).

2. Moteur à combustion interne du type à allumage par
étincelle selon la revendication 1, dans lequel le mé-
canisme de soupape variable (B, C) comprend un
mécanisme de biellette (100), et est relié au méca-
nisme de taux de compression variable (A) par le
mécanisme de biellette.

3. Moteur à combustion interne du type à allumage par
étincelle selon la revendication 2, dans lequel le mé-
canisme de taux de compression variable (A) com-

prend un dispositif d’actionnement (59) pour chan-
ger le taux de compression mécanique, et le méca-
nisme de biellette (100) est relié au dispositif d’ac-
tionnement.

4. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
1 à 3, dans lequel le mécanisme de soupape variable
(B, C) est un mécanisme de changement d’angle de
fonctionnement (B1) qui change un angle de fonc-
tionnement de la soupape d’admission (7) ou de la
soupape d’échappement (9), et le mécanisme de
changement d’angle de fonctionnement (B1) com-
mande l’angle de fonctionnement de la soupape
d’admission (7) ou de la soupape d’échappement
(9) de telle sorte que l’angle de fonctionnement di-
minue si le taux de compression mécanique est aug-
menté par le mécanisme de taux de compression
variable (A).

5. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
1 à 4, dans lequel le mécanisme de soupape variable
(B, C) est un mécanisme de changement de quantité
de levée qui change une quantité de levée de la sou-
pape d’admission (7) ou de la soupape d’échappe-
ment (9), et le mécanisme de changement de quan-
tité de levée commande la quantité de levée de la
soupape d’admission (7) ou de la soupape d’échap-
pement (9) de telle sorte que la quantité de levée
diminue si le taux de compression mécanique est
augmenté par le mécanisme de taux de compression
variable (A).

6. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
1 à 5, dans lequel le mécanisme de changement
d’angle de phase (B2) avance un angle de phase au
moins de la soupape d’admission de la soupape
d’admission (7) et de la soupape d’échappement (9),
si une charge de moteur diminue.

7. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
1 à 5, dans lequel le mécanisme de changement
d’angle de phase (B2) avance un angle de phase au
moins de la soupape d’admission (7) parmi la sou-
pape d’admission (7) et la soupape d’échappement
(9), si le taux de compression mécanique est aug-
menté par le mécanisme de taux de compression
variable (A).

8. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
1 à 7, dans lequel le mécanisme de soupape variable
(B, C) change la première caractéristique de soupa-
pe de la soupape d’admission (7) ou de la soupape
d’échappement (9) en fonction de la quantité d’opé-
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ration de changement de taux de compression du
mécanisme de taux de compression variable (A) et
également avec un paramètre de fonctionnement de
moteur autre que la quantité d’opération de change-
ment de taux de compression du mécanisme de taux
de compression variable (A), et une plage de la pre-
mière caractéristique de soupape de la soupape
d’admission (7) ou de la soupape d’échappement
(9) dans laquelle la première caractéristique de sou-
pape peut être modifiée en fonction du paramètre
de fonctionnement de moteur autre que la quantité
d’opération de changement de taux de compression
du mécanisme de taux de compression variable (A)
est commandée en fonction de la quantité d’opéra-
tion de changement de taux de compression du mé-
canisme de taux de compression variable (A).

9. Moteur à combustion interne du type à allumage par
étincelle selon la revendication 8, dans lequel le mé-
canisme de soupape variable (B, C) est un méca-
nisme de changement d’angle de fonctionnement
(B1) qui modifie un angle de fonctionnement de la
soupape d’admission (7) ou de la soupape d’échap-
pement (9), et le mécanisme de changement d’angle
de fonctionnement (B1) limite la plage de l’angle de
fonctionnement dans laquelle l’angle de fonctionne-
ment peut être changé dans une plage de l’angle de
fonctionnement de telle sorte qu’une valeur de limite
supérieure de la plage de l’angle de fonctionnement
est diminuée si le taux de compression mécanique
est augmenté par le mécanisme de taux de com-
pression variable (A).

10. Moteur à combustion interne du type à allumage par
étincelle selon la revendication 8 ou 9, dans lequel
le mécanisme de soupape variable (B, C) est un mé-
canisme de changement de quantité de levée qui
change une quantité de levée de la soupape d’ad-
mission (7) ou de la soupape d’échappement (9), et
le mécanisme de changement de quantité de levée
limite la plage de la quantité de levée dans laquelle
la quantité de levée peut être modifiée dans une pla-
ge de la quantité de levée de telle sorte qu’une valeur
de limite supérieure de la plage de la quantité de
levée est diminuée si le taux de compression méca-
nique est augmenté par le mécanisme de taux de
compression variable (A) .

11. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
8 à 10, dans lequel :

un mécanisme de changement d’angle de pha-
se (B2) change un angle de phase de la soupape
d’admission (7), et
le mécanisme de changement d’angle de phase
(B2) avance l’angle de phase de la soupape
d’admission (7) et retarde un angle de limite du

côté avancé de la plage de l’angle de phase
dans laquelle l’angle de phase peut être changé,
si le taux de compression mécanique est aug-
menté par le mécanisme de taux de compres-
sion variable (A).

12. Moteur à combustion interne du type à allumage par
étincelle selon l’une quelconque des revendications
1 à 11, dans lequel le mécanisme de soupape va-
riable (B, C) est commandé en fonction de la quantité
d’opération de changement de taux de compression
du mécanisme de taux de compression variable (A)
de telle sorte qu’une distance entre un piston (4) et
la soupape d’admission (7) ou la soupape d’échap-
pement (9) quand le piston (4) est à un point mort
haut de compression est sensiblement constante.
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