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(54) Variable compression ratio internal combustion engine

(57) In a variable compression ratio internal com-
bustion engine whose compression ratio is varied by
changing the volume of a combustion chamber, the
present invention is intended to enable the engine to op-
erate at a high compression ratio under a much higher
load while suppressing an excessive rise in the temper-
ature of the combustion chamber. A cooling system is
provided for cooling the variable compression ratio in-
ternal combustion engine, and when the load of the var-
iable compression ratio internal combustion engine is
equal to a specified value or above at a high compres-
sion ratio ( S101, S102 ), the cooling capacity of the
cooling system is increased more than when the load of
the variable compression ratio internal combustion en-
gine is lower than the specified value ( S103 ), whereby
a temperature rise in the combustion chamber can be
suppressed.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a variable
compression ratio internal combustion engine whose
compression ratio is varied by changing the volume of
a combustion chamber.

2. Description of the Related Art

[0002] In recent years, for the purpose of improving
the fuel mileage performance, the output performance
or the like of internal combustion engines, there have
been developed variable compression ratio internal
combustion engines with their compression ratio being
varied by changing the volume of a combustion cham-
ber.
[0003] In addition, in a variable compression ratio in-
ternal combustion engine whose compression ratio is
changed or varied by controlling the amount of stroke of
a piston in a variable manner, there has also been
known a technique in which the amount of circulation of
engine cooling water is decreased when the amount of
piston stroke is set to a small side, (see, for example,
Japanese patent application laid-open No.
2003-129817). By controlling the engine in this manner,
it is possible to reduce cooling loss.
[0004] Moreover, another type of variable compres-
sion ratio internal combustion engine has been devel-
oped in which a piston is constructed of an inner piston
member and an outer piston member, so that the com-
pression ratio of the engine is changed by supplying
pressure oil to a space defined between the inner and
outer piston members. In such a variable compression
ratio internal combustion engine, there has been known
a technique in which the piston is cooled by supplying
pressure oil to the space between the inner and outer
piston members, or discharging it therefrom (see, for ex-
ample, Japanese patent application laid-open No.
S63-186926).
[0005] Further, as documents relevant to the present
invention, there are the following ones: Japanese patent
application laid-open Nos. S63-195340, S63-302150,
and 2003-206771.
[0006] In variable compression ratio internal combus-
tion engines, the volume of a combustion chamber is
increased at low compression ratio and decreased at
high compression ratio by, for example, relatively mov-
ing a cylinder block and a crankcase, or changing the
amount of stroke of a piston through the folding of a con-
necting rod connected to the piston.
[0007] Therefore, at high compression ratio, the ratio
of the area of the wall of the combustion chamber in an
engine cylinder to the entire wall of a cylinder bore de-
fined therein becomes smaller in comparison with that

at low compression ratio. As a result, at high compres-
sion ratio, the amount of heat radiated from the bore wall
decreases, so it becomes easier for the temperature of
the combustion chamber to rise. In particular, when the
load on the variable compression ratio internal combus-
tion engine becomes high in the state of a high com-
pression ratio, there is fear that the temperature of the
combustion chamber might rise excessively, thus result-
ing in a fear that trouble such as knocking, etc., might
occur.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention has been
made in view of the problem as referred to above, and
has for its object to provide a technique that is capable
of improving the fuel mileage performance, the output
performance or the like of a variable compression ratio
internal combustion engine, in which the compression
ratio thereof can be changed through variable control
on the volume of a combustion chamber, by enabling
high compression ratio operation under a much higher
load while suppressing an excessive rise in the temper-
ature of the combustion chamber.
[0009] According to the present invention, in a varia-
ble compression ratio internal combustion engine
whose compression ratio is changed or varied by con-
trolling the volume of a combustion chamber in a varia-
ble manner, the cooling capacity to cool the variable
compression ratio internal combustion engine is in-
creased when the compression ratio is high and when
the engine load is high.
[0010] More specifically, a variable compression ratio
internal combustion engine according to the present in-
vention in which the compression ratio thereof is varied
by changing the volume of a combustion chamber, char-
acterized by: cooling means for cooling the variable
compression ratio internal combustion engine; and cool-
ing capacity increasing means for increasing the cooling
capacity of the cooling means when the load of the var-
iable compression ratio internal combustion engine is
higher than or equal to a specified value at a high com-
pression ratio to a value greater than that when the load
of the variable compression ratio internal combustion
engine is lower than the specified value.
[0011] Here, note that the specified value can be an
engine load under which the temperature of the com-
bustion chamber rises excessively at a high compres-
sion ratio, and it may be a value which is determined in
advance by experiments, etc. Also, this specified value
may be a fixed value, or a variable value which is
changed in accordance with the value of the compres-
sion ratio.
[0012] According to the present invention, when the
engine load becomes high at the high compression ra-
tio, the cooling capacity to cool the variable compression
ratio internal combustion engine (hereinafter simply re-
ferred to as an internal combustion engine) is increased
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more than when the engine load is low. As a result, a
temperature rise in the combustion chamber is sup-
pressed. Accordingly, the internal combustion engine
can be operated at the high compression ratio under a
much higher load while suppressing an excessive rise
in the temperature of the combustion chamber.
[0013] In the present invention, in case where the
cooling means includes heating medium supply means
for supplying a heating medium to the internal combus-
tion engine, the cooling capacity increasing means in-
creases the cooling capacity of the cooling means by
increasing the amount of the heating medium supplied
to the internal combustion engine by the heating medi-
um supply means when the load of the internal combus-
tion engine is higher than or equal to the specified value
at the high compression ratio.
[0014] When the amount of the heating medium sup-
plied to the internal combustion engine is increased, the
cooling effect of the internal combustion engine due to
the heating medium can be improved. That is, the cool-
ing capacity of the cooling means can be increased.
[0015] At this time, the heating medium supply means
may include heating medium circulation passages
through which the heating medium circulates while
passing through the internal combustion engine, and
pressure feed means for pressure feeding the heating
medium to the heating medium circulation passages. In
addition, the cooling capacity increasing means may in-
clude pressure feed amount changing means for chang-
ing the amount of heating medium to be pressure fed by
the pressure feed means per unit time. In such a case,
the cooling capacity increasing means increases the
amount of heating medium to be pressure fed by the
pressure feed means per unit time under the action of
the pressure feed amount changing means when the
load of the internal combustion engine is higher than or
equal to the specified value at the high compression ra-
tio.
[0016] By increasing the amount of the heating medi-
um to be pressure fed by the pressure feed means per
unit time, the amount of the heating medium supplied to
the internal combustion engine per unit time can be in-
creased.
[0017] In addition, in the present invention, in case
where the cooling means includes heating medium sup-
ply means for supplying the heating medium to the in-
ternal combustion engine, the cooling capacity increas-
ing means may increase the cooling capacity of the cool-
ing means by lowering the temperature of the heating
medium supplied to the internal combustion engine by
the heating medium supply means when the load of the
internal combustion engine is higher than or equal to the
specified value at the high compression ratio.
[0018] When the temperature of the heating medium
supplied to the internal combustion engine is lowered,
the cooling effect of the internal combustion engine due
to the heating medium can be improved. That is, the
cooling capacity of the cooling means can be increased.

[0019] At this time, the heating medium supply means
may include heating medium circulation passages
through which the heating medium circulates while
passing through the internal combustion engine. In ad-
dition, the cooling capacity increasing means may in-
clude: a radiator; communication passages through
which the radiator and the heating medium circulation
passages are placed in communication with each other;
communication switch valve disposed in the communi-
cation passages for opening and closing the communi-
cation passages; a temperature detection means for de-
tecting the temperature of the heating medium that flows
through the heating medium circulation passages; valve
switching control means for opening the communication
switch valve when the temperature of the heating medi-
um detected by the temperature detection means be-
comes higher than or equal to a preset temperature,
whereby the communication passages are opened to
circulate the heating medium while passing through the
internal combustion engine and the radiator; and preset
temperature change means for changing the preset
temperature. In such a case, when the load of the inter-
nal combustion engine is higher than or equal to the
specified value at the high compression ratio, the cool-
ing capacity increasing means decreases, through the
preset temperature change means, the preset temper-
ature to a value lower than that when the load of the
internal combustion engine is lower than the specified
value.
[0020] By decreasing the preset temperature, the
heating medium becomes able to circulate through the
radiator when the heating medium is at a much lower
temperature. As a result, the temperature of the heating
medium supplied to the internal combustion engine can
be decreased.
[0021] Moreover, when the compression ratio is low,
the amount of heat radiated from the wall of a cylinder
bore is larger than when the compression ratio is high,
so it is not easy to raise the temperature of the combus-
tion chamber. Therefore, there is fear that when the
cooling capacity of the cooling means is increased at a
low compression ratio as in the case where the load of
the internal combustion engine is larger than the spec-
ified value at the high compression ratio, the tempera-
ture of the internal combustion engine might excessively
decrease regardless of the load of the internal combus-
tion engine.
[0022] Accordingly, in the present invention, an in-
crease in the cooling capacity of the cooling means may
be inhibited at a low compression ratio.
[0023] As a consequence, it becomes possible to sup-
press an excessive decrease in the temperature of the
internal combustion engine at the low compression ra-
tio.
[0024] Here, note that in the past, in an internal com-
bustion engine, the compression ratio is often made
high when the engine is operated under a low load, and
in such a case, there is a low possibility that the temper-
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ature of the combustion chamber rises excessively, as
stated above. However, in order to improve the fuel mile-
age performance, the output performance or the like of
the internal combustion engine, it is preferable to make
the compression ratio high even under a much higher
load.
[0025] Further, when the internal combustion engine
is operated to rotate at a high rotational speed, a stream
of intake air in the engine cylinder is liable to be dis-
turbed, so an air fuel mixture therein becomes easily dis-
tributed in a substantial uniform manner, and the time of
one cycle of the combustion cycle is also shortened. As
s result, when the speed or number of revolutions per
minute of the engine is high, the temperature of the com-
bustion chamber becomes less prone to rise as com-
pared with the case where the engine speed is low. Ac-
cordingly, the compression ratio can be made high when
the internal combustion engine is operated at a high ro-
tational speed instead of when the internal combustion
engine is operated under a high load. Even in such a
case, by performing the control according to the present
invention, the internal combustion engine is able to carry
out high compression ratio operation under a much
higher load while suppressing an excessive rise in the
temperature of the combustion chamber in a more reli-
able manner.
[0026] According to the internal combustion engine of
the present invention, it becomes possible to perform
high compression ratio operation under a much higher
load while suppressing an excessive rise in the temper-
ature of the combustion chamber, thus making it possi-
ble to further improve the fuel mileage performance, the
output performance and the like of the internal combus-
tion engine.
[0027] The above and other objects, features and ad-
vantages of the present invention will become more
readily apparent to those skilled in the art from the fol-
lowing detailed description of preferred embodiments of
the present invention taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 is a view showing the schematic construction
of a variable compression ratio internal combustion
engine according to the present invention.
Fig. 2 is a view showing the schematic construction
of a cooling water circulation system in the variable
compression ratio internal combustion engine ac-
cording to a first embodiment of the present inven-
tion.
Figs. 3A and 3B are views respectively showing the
different operating states of a combustion chamber
when the compression ratio is changed according
to the present invention, wherein Fig. 3A illustrates
one state of the combustion chamber at a high com-

pression ratio, and Fig. 3B illustrates another state
of the combustion chamber at a low compression
ratio.
Fig. 4 is a flow chart showing a routine for controlling
the amount of cooling water to be pressure fed by
a water pump per unit time according to the first em-
bodiment of the present invention.
Fig. 5 is a view showing the schematic construction
of a cooling water circulation system in a variable
compression ratio internal combustion engine ac-
cording to a second embodiment of the present in-
vention.
Fig. 6 is a flow chart showing an switching control
routine for a communication switch valve according
to the second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] Hereinafter, preferred embodiments of a vari-
able compression ratio internal combustion engine ac-
cording to the present invention will be described while
referring to the accompanying drawings.

EMBODIMENT 1

[0030] First, a variable compression ratio internal
combustion engine according to a first embodiment of
the present invention will be described. Fig. 1 is a view
that illustrates the schematic construction of the variable
compression ratio internal combustion engine accord-
ing to this embodiment.
[0031] In Fig. 1, the variable compression ratio inter-
nal combustion engine, generally designated at refer-
ence numeral 1 (hereinafter simply referred to as an in-
ternal combustion engine 1), includes a cylinder block
2 having a cylinder 5, a cylinder head 4 mounted on a
the cylinder block 2, and a lower casing 3 with which a
piston 6 is connected through a connecting rod and a
crankshaft (not shown). In such a construction, the vol-
ume of a combustion chamber 7, which is defined in a
cylinder bore by the piston 6 and the cylinder head 4, is
varied to change the compression ratio by moving the
cylinder block 2 relative to the lower casing 3 in an axial
direction of the cylinder 5 by means of a compression
ratio variable mechanism 8.
[0032] The compression ratio variable mechanism 8
has a pair of cam receiving bores 9 formed in the cylin-
der block 2 at its left and right side lower portions in Fig.
1, and a pair of bearing receiving bores 10 formed in the
lower casing 3 at its left and right side upper portions in
Fig. 1. A pair of camshafts 11 is inserted into the cam
receiving bores 9 and the bearing receiving bores 10 at
the right and left sides, respectively. The right and left
side camshafts 11 are driven to rotate by a pair of motors
24, respectively, so that the cylinder block 2 is caused
to move with respect to the lower casing 3 in the axial
direction of the cylinder 5. At this time, the cylinder head
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4 is also caused to move integrally with the cylinder
block 2. Here, note that details of this compression ratio
variable mechanism 8 are disclosed in Japanese patent
application laid-open No. 2003-206771.
[0033] An intake port 12 and an exhaust port 13 are
formed in the cylinder head 4 so as to open into the com-
bustion chamber 7 in the cylinder 5. The intake port 12
is connected with an intake passage 14, and the exhaust
port 13 is connected with an exhaust passage 15. The
intake port 12 and the exhaust port 13 have their open-
ing portions into the combustion chamber 7 adapted to
be opened and closed by an intake valve 16 and an ex-
haust valve 17, respectively.
[0034] A fuel injection valve 20 is arranged in the in-
take port 12, and a spark plug 21 for igniting or firing an
air fuel mixture formed in the combustion chamber 7 is
arranged in the combustion chamber 7. Also, a water
jacket 18 through which cooling water circulate is
formed in the cylinder head 4 and the cylinder block 2.
[0035] In addition, the internal combustion engine 1
includes various kinds of sensors such as a cam position
sensor 31 that outputs an electric signal corresponding
to the angle of rotation of one of the camshafts 11 of the
compression ratio variable mechanism 8, an accelerator
opening sensor 33 that outputs an electric signal corre-
sponding to the degree of opening of an accelerator
pedal (not shown), a crank position sensor 34 that out-
puts an electric signal corresponding to the angle of ro-
tation of the unillustrated crankshaft with which the pis-
ton 6 arranged in the lower casing 3 is connected, a wa-
ter temperature sensor 35 that outputs an electric signal
corresponding to the temperature of cooling water which
flows in the water jacket 18, etc.
[0036] An electronic control unit (ECU) 7 for control-
ling the internal combustion engine 1 is provided in con-
junction with the engine 1. This ECU 30 serves to control
the operating conditions of the internal combustion en-
gine 1 and the like in accordance with the operating state
of the internal combustion engine 1 and driver's require-
ments. The various kinds of sensors such as the cam
position sensor 31, the accelerator opening sensor 33,
the crank position sensor 34, the water temperature
sensor 35, etc., are connected to the ECU 30 through
electric wiring, so that the output signals of these sen-
sors are input to the ECU 30. The ECU 30 derives the
load of the internal combustion engine 1 from a detec-
tion value (i.e., the amount of opening or depression of
the accelerator pedal) of the accelerator opening sensor
33, and also derives the number of revolutions per
minute of the internal combustion engine 1 from a de-
tection value (i.e., the crank angle or rotational angle of
the crankshaft) of the crank position sensor 34.
[0037] Moreover, the fuel injection valve 20, the spark
plug 21, the motors 24 and so on are also electrically
connected to the ECU 30, so that they can be controlled
by the ECU 30. The ECU 30 changes the volume of the
combustion chamber 7 by controlling the rotation of the
camshafts 11 by means of the motors 24, whereby the

compression ratio of the internal combustion engine 1
is changed. At this time, the ECU 30 derives the com-
pression ratio from the output value of the cam position
sensor 31.
[0038] Next, reference will be made to the schematic
construction of the cooling water circulation system in
the internal combustion engine according to this embod-
iment while referring to Fig. 2. Fig. 2 is a view that illus-
trates the schematic construction of the cooling water
circulation system in the internal combustion engine 1
according to this embodiment.
[0039] A first cooling water passage 41 is connected
at its one end with one end of the water jacket 18 in the
internal combustion engine 1, and at its other end with
one end of an engine related device 43. As the engine
related device 43, there can be exemplified a cooling
water tank in which cooling water is stored, a heater core
of a passenger compartment heater, etc. In addition, a
second cooling water passage 42 is connected at its one
end with the other end of the water jacket 18 in the in-
ternal combustion engine 1, and at its other end with the
other end of the engine related device 43.
[0040] A water pump 44 for pressure feeding the cool-
ing water from the engine related device 43 side to the
internal combustion engine 1 side is arranged on the first
cooling water passage 41. This water pump 44 is elec-
trically connected to the ECU 30, so that the amount of
cooling water to be pressure fed per unit time can be
changed under the control of the ECU 30.
[0041] Thus, in the cooling water circulation system
according to this embodiment, a first cooling water cir-
culation passage 45 through which the cooling water cir-
culates is formed by the water jacket 18, the first cooling
water passage 41, the second cooling water passage
42, and the engine related device 43. The internal com-
bustion engine 1 is cooled by the cooling water which
circulates through the first cooling water circulation pas-
sage 45.
[0042] Here, reference will be made to the state of the
combustion chamber 7 when the compression ratio 1
has been changed in the internal combustion engine
while referring to Fig. 3. Fig. 3A is a view that illustrates
one state of the combustion chamber 7 at a high com-
pression ratio, and Fig. 3B is a view that illustrates an-
other state of the combustion chamber 7 at a low com-
pression ratio.
[0043] In the internal combustion engine 1, the vol-
ume of the combustion chamber 7 is decreased to raise
or increase the compression ratio by causing the cylin-
der block 2 to move toward the lower casing 3 under the
action of the compression ratio variable mechanism 8,
as shown in Fig. 3A. Also, in the internal combustion
engine 1, the volume of the combustion chamber 7 is
increased to lower or decrease the compression ratio
by causing the cylinder block 2 to move away from the
lower casing 3 by means of the compression ratio vari-
able mechanism 8, as shown in Fig. 3B.
[0044] Therefore, at the high compression ratio, the
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ratio of the area of the wall of the combustion chamber
7 to the entire wall of the cylinder bore becomes smaller
in comparison with that at the low compression ratio. As
a result, at the high compression ratio, the amount of
heat radiated from the bore wall decreases, so it be-
comes easier for the temperature of the combustion
chamber 7 to rise. In particular, when the load of the
internal combustion engine 1 becomes high in the state
of the high compression ratio, there is fear that the tem-
perature of the combustion chamber 7 might rise exces-
sively, thus resulting in a fear that trouble such as knock-
ing, etc., might occur.
[0045] Accordingly, in this embodiment, when the
load of the internal combustion engine 1 becomes high
at the high compression ratio, the amount of cooling wa-
ter to be pressure fed by the water pump 44 per unit time
is increased to enlarge the cooling capacity to cool the
internal combustion engine 1. Hereinafter, a routine for
controlling the amount of cooling water to be pressure
fed by the water pump 44 per unit time according to this
embodiment will be described based on a flow chart
shown in Fig. 4. This routine is beforehand stored in the
ECU 30, and is executed at a specified time interval dur-
ing the operation of the internal combustion engine 1.
[0046] In this routine, first in step S101, the ECU 30
determines whether the compression ratio of the inter-
nal combustion engine 1 is high. Here, when the value
of the compression ratio of the internal combustion en-
gine is higher than or equal to a specified compression
ratio which is determined in advance, the ECU 30 may
determine that the compression ratio of the internal
combustion engine 1 is high. When a positive determi-
nation is made in step S101, the control flow advances
to step S102, whereas when a negative determination
is made in step S101, the ECU 30 once terminates the
execution of this routine.
[0047] In step S102, it is determined whether the load
of the internal combustion engine 1 is higher than or
equal to a specified value Q. Here, note that the speci-
fied value Q is an engine load under which the temper-
ature of the combustion chamber 7 might rise exces-
sively at the high compression ratio, and it can be a val-
ue which is determined in advance by experiments, etc.
Also, this specified value Q may be a fixed value, or a
variable value which is changed in accordance with the
value of the compression ratio. When a positive deter-
mination is made in step S102, the control flow advanc-
es to step S103, whereas when a negative determina-
tion is made in step S102, the ECU 30 once terminates
the execution of this routine.
[0048] In step S103, the ECU 30 increases the
amount of cooling water to be pressure fed by the water
pump 44 per unit time to a value more than that when
the load of the internal combustion engine 1 is lower
than the specified value Q, and thereafter once termi-
nates this routine.
[0049] In the above-mentioned control, when the load
of the internal combustion engine 1 is higher than or

equal to the specified value Q at the high compression
ratio, the amount of cooling water passing through the
internal combustion engine 1 (the water jacket 18) per
unit time increases. Accordingly, the cooling effect of the
internal combustion engine 1 due to the cooling water
is improved.
[0050] That is, according to this embodiment, when
the load of the internal combustion engine 1 is high at
the high compression ratio, the cooling capacity to cool
the internal combustion engine 1 becomes greater than
when the engine load is low, so the temperature rise of
the combustion chamber 7 is suppressed. Therefore,
the internal combustion engine 1 becomes able to per-
form high compression ratio operation under a much
higher load while suppressing an excessive rise in the
temperature of the combustion chamber 7, thus making
it possible to further improve the fuel mileage perform-
ance, the output performance and the like of the internal
combustion engine 1.
[0051] In the above-stated routine for controlling the
amount of cooling water to be pressure fed by the water
pump 44 per unit time, when a negative determination
is made in step S101, that is, when the compression ra-
tio of the internal combustion engine 1 is low, the exe-
cution of this routine is once stopped, so the amount of
cooling water to be pressure fed by the water pump 44
per unit time is not increased. In other words, when the
compression ratio of the internal combustion engine 1
is low, the increase of the cooling capacity to cool the
internal combustion engine 1 is inhibited.
[0052] As a consequence, it becomes possible to sup-
press an excessive decrease in the temperature of the
internal combustion engine 1 at the low compression ra-
tio.

EMBODIMENT 2

[0053] Next, reference will be made to a variable com-
pression ratio internal combustion engine according to
a second embodiment of the present invention. Since
the schematic construction (see Fig. 1) of the variable
compression ratio internal combustion engine accord-
ing to this embodiment and the state of the combustion
chamber (see Fig. 3) when the compression ratio is
changed are similar to those of the above-mentioned
first embodiment, an explanation thereof is omitted.
[0054] Now, reference will be made to the schematic
construction of a cooling water circulation system in the
internal combustion engine according to this embodi-
ment while referring to Fig. 5. Fig. 5 is a view that illus-
trates the schematic construction of the cooling water
circulation system in the internal combustion engine 1
according to this embodiment. The component parts or
members of this embodiment similar to those of the
above-mentioned first embodiment are identified by the
same symbols, while omitting an explanation thereof.
[0055] In this embodiment, a radiator 46 is provided
in combination with the internal combustion engine 1,
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and the first cooling water passage 41 between the en-
gine related device 43 and the water pump 44 is placed
in communication with one end of the radiator 46
through a first communication passage 47. Also, the
second cooling water passage 42 is placed in commu-
nication with the other end of the radiator 46 through a
second communication passage 48.
[0056] At a junction between the second cooling water
passage 42 and the second communication passage
48, there is provided a communication switch valve 49
that serves to open and close communication between
the second cooling water passage 42 and the second
communication passage 48. This communication switch
valve 49 is electrically connected to the ECU 30.
[0057] When the temperature of the cooling water de-
tected by the water temperature sensor 35 becomes a
preset temperature Tc or above, the ECU 30 opens the
communication switch valve 49 thereby to place the sec-
ond cooling water passage 42 and the second commu-
nication passage 48 into communication with each oth-
er. On the other hand, when the temperature of the cool-
ing water detected by the water temperature sensor 35
becomes lower than the preset temperature Tc, the ECU
30 closes the communication switch valve 49 thereby to
interrupt or break communication between the second
cooling water passage 42 and the second communica-
tion passage 48. Here, note that the preset temperature
Tc can be changed by the ECU 30.
[0058] In the cooling water circulation system accord-
ing to this embodiment, when the communication switch
valve 49 is opened by the ECU 30 thereby to place the
second cooling water passage 42 and the second com-
munication passage 48 into communication with each
other, a second cooling water circulation passage 50 for
circulation of cooling water is formed by the water jacket
18, the radiator 46, a part of the first cooling water pas-
sage 41, a part of the second cooling water passage 42,
the first communication passage 47 and the second
communication passage 48. As the cooling water circu-
lates through the second cooling water circulation pas-
sage 50, the cooling water is cooled by the radiator 46
so that the temperature thereof is lowered.
[0059] In this embodiment, when the load of the inter-
nal combustion engine 1 becomes high at a high com-
pression ratio, the preset temperature Tc, which is a
threshold for switching or opening and closing the com-
munication switch valve 49, is lowered so as to increase
the cooling capacity to cool the internal combustion en-
gine 1. Hereinafter, reference will be made to a switching
control routine for the communication switch valve 49
according to this embodiment based on a flow chart
shown in Fig. 6. This routine is beforehand stored in the
ECU 30, and is executed at a specified time interval dur-
ing the operation of the internal combustion engine 1.
Here, note that steps S101 and S102 in this routine are
the same as those in the above-mentioned first embod-
iment, so an explanation thereof is omitted, and only
step S203, being different from the first embodiment, will

be described.
[0060] In this routine, when a positive determination
is made in step S102, the control flow advances to step
S203.
[0061] In step S203, the ECU 30 decreases the preset
temperature Tc to a value lower than that when the load
of the internal combustion engine 1 is lower than the
specified value Q, and thereafter once terminates this
routine.
[0062] In the above-mentioned control, in case where
the load of the internal combustion engine 1 is higher
than or equal to the specified value Q at the high com-
pression ratio, communication between the second
cooling water passage 42 and the second communica-
tion passage 48 is opened when the cooling water is at
a much lower temperature. Accordingly, when the tem-
perature of the cooling water is much lower, the cooling
water comes to circulate through the second cooling wa-
ter circulation passage 50 to pass through the radiator
46. As a result, the temperature of the cooling water sup-
plied to the internal combustion engine 1 is lowered, so
that the cooling effect of the internal combustion engine
1 due to the cooling water can be improved.
[0063] That is, according to this embodiment, similar
to the above-mentioned first embodiment, when the
load of the internal combustion engine 1 is high at the
high compression ratio, the cooling capacity to cool the
internal combustion engine 1 becomes greater than
when the engine load is low, so the temperature rise of
the combustion chamber 7 is suppressed. Accordingly,
the internal combustion engine 1 becomes able to per-
form high compression ratio operation under a much
higher load while suppressing an excessive rise in the
temperature of the combustion chamber 7, thus making
it possible to further improve the fuel mileage perform-
ance, the output performance and the like of the internal
combustion engine 1.
[0064] In the switching control routine for the commu-
nication switch valve 49 as stated above, when a neg-
ative determination is made in step S101, that is, when
the compression ratio of the internal combustion engine
1 is low, the execution of this routine is once stopped
and the preset temperature Tc is not lowered. In other
words, similar to the first embodiment, when the com-
pression ratio of the internal combustion engine 1 is low,
an increase in the cooling capacity to cool the internal
combustion engine 1 is inhibited.
[0065] As a result, an excessive decrease in the tem-
perature of the internal combustion engine 1 can be sup-
pressed at the low compression ratio.
[0066] In the above-mentioned first and second em-
bodiments, the compression ratio can be made high
when the internal combustion engine 1 is operated at a
high rotational speed instead of when the internal com-
bustion engine 1 is operated under a high load. Even in
such a case, by performing the above-mentioned re-
spective control operations, the internal combustion en-
gine 1 is able to carry out high compression ratio oper-
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ation under a much higher load while suppressing an
excessive rise in the temperature of the combustion
chamber 7.
[0067] In addition, the first embodiment and the sec-
ond embodiment can be combined with each other.
[0068] While the invention has been described in
terms of preferred embodiments, those skilled in the art
will recognize that the invention can be practiced with
modifications within the spirit and scope of the append-
ed claims.

Claims

1. A variable compression ratio internal combustion
engine whose compression ratio is varied by chang-
ing the volume of a combustion chamber, charac-
terized by:

cooling means (41, 42, 44) for cooling said var-
iable compression ratio internal combustion en-
gine (1); and
cooling capacity increasing means (30, 46, 47,
48, 49) for increasing the cooling capacity of
said cooling means (41, 42, 44) when the load
of said variable compression ratio internal com-
bustion engine (1) is higher than or equal to a
specified value at a high compression ratio to
a value greater than that when the load of said
variable compression ratio internal combustion
engine (1) is lower than said specified value.

2. The variable compression ratio internal combustion
engine as set forth in claim 1, characterized in that

said cooling means includes heating medium
supply means (41, 42, 44) for supplying a heating
medium to said variable compression ratio internal
combustion engine (1), and

said cooling capacity increasing means (30)
increases the cooling capacity of said cooling
means by increasing the amount of the heating me-
dium supplied to said variable compression ratio in-
ternal combustion engine (1) by said heating medi-
um supply means (41, 42, 44) when the load of said
variable compression ratio internal combustion en-
gine (1) is higher than or equal to said specified val-
ue at a high compression ratio.

3. The variable compression ratio internal combustion
engine as set forth in claim 2, characterized in that

said heating medium supply means includes:

heating medium circulation passages (41, 42)
through which said heating medium circulates
while passing through said variable compres-
sion ratio internal combustion engine (1); and
pressure feed means (44) for pressure feeding
said heating medium to said heating medium

circulation passages (41, 42);

wherein said cooling capacity increasing
means includes pressure feed amount changing
means (30) for changing an amount of heating me-
dium to be pressure fed by said pressure feed
means (44) per unit time; and

said cooling capacity increasing means in-
creases the amount of heating medium to be pres-
sure fed by said pressure feed means (44) per unit
time under the action of said pressure feed amount
changing means (30) when the load of said variable
compression ratio internal combustion engine (1) is
higher than or equal to said specified value at a high
compression ratio.

4. The variable compression ratio internal combustion
engine as set forth in claim 1, characterized in that

said cooling means includes heating medium
supply means (41, 42, 44) for supplying a heating
medium to said variable compression ratio internal
combustion engine (1); and

said cooling capacity increasing means (30,
46, 47, 48, 49) increases the cooling capacity of
said cooling means by lowering the temperature of
the heating medium supplied to said variable com-
pression ratio internal combustion engine (1) by
said heating medium supply means (41, 42, 44)
when the load of said variable compression ratio in-
ternal combustion engine (1) is higher than or equal
to said specified value at a high compression ratio.

5. The variable compression ratio internal combustion
engine as set forth in claim 4, characterized in that

said heating medium supply means includes
heating medium circulation passages (41, 42)
through which said heating medium circulates while
passing through said variable compression ratio in-
ternal combustion engine (1); and

said cooling capacity increasing means in-
cludes:

a radiator (46);
communication passages (47, 48) through
which said radiator (46) and said heating medi-
um circulation passages (41, 42) are placed in
communication with each other;
a communication switch valve (49) disposed in
said communication passages (47, 48) for
opening and closing said communication pas-
sages (47, 48);
a temperature detection means (35) for detect-
ing the temperature of said heating medium
that flows through said heating medium circu-
lation passages (41, 42);
valve switching control means (30) for opening
said communication switch valve (49) when the
temperature of said heating medium detected
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by said temperature detection means (35) be-
comes higher than or equal to a preset temper-
ature, whereby said communication passages
(47, 48) are opened to circulate said heating
medium while passing through said variable
compression ratio internal combustion engine
(1) and said radiator (46); and
preset temperature change means (30) for
changing said preset temperature;

wherein when the load of said variable com-
pression ratio internal combustion engine (1) is
higher than or equal to said specified value at a high
compression ratio, said cooling capacity increasing
means decreases, through said preset temperature
change means (30), said preset temperature to a
value lower than that when the load of said variable
compression ratio internal combustion engine (1) is
lower than said specified value.

6. The variable compression ratio internal combustion
engine as set forth in any one of claims 1 through
5, characterized in that

said specified value is changed in accordance
with the value of the compression ratio of said var-
iable compression ratio internal combustion engine
(1).

7. The variable compression ratio internal combustion
engine as set forth in any one of claims 1 through
6, characterized in that

an increase in the cooling capacity of said
cooling means (41, 42, 44) is inhibited at a low com-
pression ratio.

15 16



EP 1 564 392 A1

10



EP 1 564 392 A1

11



EP 1 564 392 A1

12



EP 1 564 392 A1

13



EP 1 564 392 A1

14



EP 1 564 392 A1

15



EP 1 564 392 A1

16



EP 1 564 392 A1

17


	bibliography
	description
	claims
	drawings
	search report

