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(54) VARIABLE-COMPRESSION-RATIO INTERNAL COMBUSTION ENGINE

(57) An upper oil pan assembly (25) is attached to
the lower portion of a cylinder block (12). An opening (33)
is formed on a side wall (31) of the upper oil pan assembly
(25). The variable compression ratio mechanism chang-
es a top dead center position of a piston in accordance
with the rotational position of a control shaft to thereby
change the compression ratio. The control shaft is rota-
tionally driven by an actuator (30). At least a portion of
the actuator (30) is fixed to a main bearing cap (13) in a
state in which at least a portion thereof is positioned on
the outer side of an upper oil pan assembly (25).
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Description

Technical Field

[0001] The present invention relates to a variable-com-
pression-ratio internal combustion engine.

Background Art

[0002] For example, Patent Document 1 discloses an
internal combustion engine that has a variable compres-
sion ratio mechanism that changes the compression ratio
in accordance with the rotational position of a control
shaft.
[0003] In this Patent Document 1, an actuator that ro-
tationally drives the control shaft of the variable compres-
sion ratio mechanism is fixed on a side wall of an upper
oil pan assembly attached below a cylinder block.
[0004] However, combustion load acts on the actuator
via the control shaft. Therefore, it is necessary to increase
the rigidity of the side wall of the upper oil pan assembly
in order to support and fix the actuator. That is, the weight
of the upper oil pan assembly is increased in order to
increase the rigidity.
[0005] Therefore, there is the problem that the weight
of the internal combustion engine as a whole increases,
while fuel consumption and engine output decrease rel-
atively and the cost increases.

Prior Art Documents

Patent Documents

[0006] Patent Document 1: International Publication
2014/017170

Summary of the Invention

[0007] In the variable-compression-ratio internal com-
bustion engine of the present invention, an actuator that
rotationally drives a control shaft of a multi-link piston
crank mechanism is fixed to a bearing member that ro-
tatably supports the crankshaft. At least a portion of the
actuator is fixed to the bearing member in a state of being
positioned on the outside of a case member forming a
crank chamber.
[0008] By means of the present invention it is possible
to fix the actuator without increasing the rigidity of the
case member.

Brief Description of the Drawings

[0009]

Figure 1 is an explanatory view schematically illus-
trating constituent elements of a variable compres-
sion ratio mechanism included in a variable-com-
pression-ratio internal combustion engine according

to the present invention.
Figure 2 is a cross-sectional view schematically il-
lustrating a bearing structure of a crankshaft of the
variable-compression-ratio internal combustion en-
gine according to the present invention.
Figure 3 is an exploded perspective view of a lower
portion of the variable-compression-ratio internal
combustion engine according to the present inven-
tion.
Figure 4 is a perspective view of the lower portion of
the variable-compression-ratio internal combustion
engine according to the present invention.
Figure 5 is a perspective view schematically illustrat-
ing an actuator and a main bearing cap.
Figure 6 is a side view of the main bearing cap.

Embodiments for Implementing the Invention

[0010] One embodiment of the present invention will
be described in detail below based on the drawings.
[0011] Figure 1 is an explanatory view schematically
illustrating constituent elements of a variable compres-
sion ratio mechanism 1 included in a variable-compres-
sion-ratio internal combustion engine according to the
present invention.
[0012] The variable-compression-ratio internal com-
bustion engine constitutes an engine unit together with,
for example, a transmission (not shown), and is support-
ed by a vehicle body, which is not shown, via a plurality
of support members such as an engine mount and a
torque rod, which are also not shown.
[0013] The variable compression ratio mechanism 1
comprises an upper link 4, one end of which is connected
to a piston 2 via a piston pin 3, a lower link 7 that is
connected to the other end of the upper link 4 via an
upper pin (first connecting pin) 5 and that is connected
to a crank pin 6a of a crankshaft 6, a control link 9, one
end of which is connected to the lower link 7 via a control
pin (second connecting pin) 8, and a control shaft 10 that
has an eccentric shaft portion 10a and to which the other
end of the control link 9 is connected.
[0014] That is, the variable compression ratio mecha-
nism 1 utilizes a multi-link piston crank mechanism in
which the piston 2 and the crank pin 6a of the crankshaft
6 are connected by means of a plurality of links.
[0015] One end of the upper link 4 is rotatably attached
to the piston pin 3, and the other end is rotatably con-
nected to one end side of the lower link 7 by means of
the upper pin 5.
[0016] The crankshaft 6 is made of a metal material
and includes a plurality of crank pins 6a and crank jour-
nals 6b. In the crankshaft 6, the crank journal 6b is rotat-
ably supported by a first bearing portion 11 described
further below. The crank pin 6a is decentered from the
crank journal 6b by a prescribed amount, and the lower
link 7 is rotatably connected thereto.
[0017] One end of the control link 9 is rotatably con-
nected to the other end side of the lower link 7 by means

1 2 



EP 3 763 925 A1

3

5

10

15

20

25

30

35

40

45

50

55

of the control pin 8, and the other end is attached to an
eccentric shaft portion 10a of the control shaft 10. The
upper pin 5 and the control pin 8 are press-fitted to the
lower link 7.
[0018] The control shaft 10 is arranged parallel with
the crankshaft 6 and is rotatably supported by a second
bearing portion 14. The control shaft 10 is positioned be-
low the crankshaft 6.
[0019] The variable compression ratio mechanism 1
rotates the control shaft 10 and varies the position of the
eccentric shaft portion 10a, to thereby swing the control
link 9, which restricts the degree of freedom of the lower
link 7. Then, the variable compression ratio mechanism
1 swings the control link 9 to thereby change the position
of the piston 2 at the top dead center and change the
mechanical compression ratio of the internal combustion
engine. The control shaft 10 is rotationally driven by an
actuator 30 described further below.
[0020] Figure 2 is a cross-sectional view schematically
illustrating a bearing structure of the crankshaft 6.
[0021] The first bearing portion 11 serving as a crank-
shaft bearing portion is composed of a cylinder block 12
made of a metal material and a main bearing cap 13
serving as the bearing member (first bearing member).
[0022] The second bearing portion 14 serving as the
control shaft is composed of the main bearing cap 13 and
a control shaft bearing cap 15 serving as a second bear-
ing member.
[0023] The main bearing cap 13 is made of a metal
material, and is attached to the lower portion of the cyl-
inder block 12, specifically the lower portion of a bulkhead
16 between the cylinders, by means of three bolts, 17,
18, 19.
[0024] The main bearing cap 13 is a plate-shaped
member having a prescribed thickness in the direction
of the cylinder row (direction perpendicular to the plane
of Figure 2).
[0025] The control shaft bearing cap 15 is made of met-
al and is attached to the lower portion of the main bearing
cap 13.
[0026] The control shaft bearing cap 15 is a plate-
shaped member having a prescribed thickness in the di-
rection of the cylinder row (direction perpendicular to the
plane of Figure 2).
[0027] Two bolts 17, 18 from among the three bolts
17-19 extend through both the main bearing cap 13 and
the control shaft bearing cap 15. These two bolts 17, 18
fix the main bearing cap 13 and the control shaft bearing
cap 15 to the cylinder block 12 in a so-called joint-fas-
tening manner. As shown in Figure 2, these two bolts 17,
18 extend through both sides of the first bearing portion
11 and the second bearing portion 14, which are circular
openings.
[0028] A joining surface 20 between the main bearing
cap 13 and the bulkhead 16 in the present embodiment
is a plane that is orthogonal to the central axis L of a
cylinder 21. A joining surface 22 between the main bear-
ing cap 13 and the control shaft bearing cap 15 in the

present embodiment is a plane that is orthogonal to the
central axis L of cylinder 21. That is, the joining surface
20 is parallel to the joining surface 22.
[0029] The bolts 17-19 may be normal bolts with
heads, or stud bolts that are used in combination with
nuts.
[0030] In addition, an upper oil pan assembly 25 serv-
ing as a case member is attached to the cylinder block 12.
[0031] The upper oil pan assembly 25 forms a crank
chamber 26 inside, together with the cylinder block 12.
The variable compression ratio mechanism 1, the main
bearing cap 13, the control shaft bearing cap 15, and the
like are housed in the crank chamber 26.
[0032] A lower oil pan assembly 27 is attached to the
lower portion of the upper oil pan assembly 25.
[0033] An actuator 30 is fixed to the main bearing cap
13 by means of bolts 28, 29.
[0034] The bolts 28, 29 may be normal bolts with
heads, or stud bolts that are used in combination with
nuts.
[0035] The attachment structure of the actuator 30 will
be further described with reference to Figures 3 to 6.
Figure 3 is an exploded perspective view of the lower
portion of the variable-compression-ratio internal com-
bustion engine. Figure 4 is a perspective view of the lower
portion of the variable compression ratio internal com-
bustion. Figure 5 is a perspective view schematically il-
lustrating the actuator 30 and the main bearing cap 13.
Figure 6 is a side view of the plurality of main bearing
caps 13 attached to the cylinder block 12.
[0036] Figures 3-6 illustrate examples in which the
present invention is applied to a multi-cylinder variable-
compression-ratio internal combustion engine.
[0037] As shown in Figure 3, the upper oil pan assem-
bly 25 has a pair of side walls 31, 32 facing each other.
A rectangular opening 33 is formed on one side wall 31
from among the pair of side walls 31, 32. That is, the
upper oil pan assembly 25 has a rectangular opening 33
on the side wall 31 that extends along the cylinder row
direction.
[0038] Four locations of the crankshaft 6 of the present
embodiment in the cylinder row direction are rotatably
supported by the first bearing portion 11. That is, the cyl-
inder block 12 has four bulkheads 16. In addition, the
variable-compression-ratio internal combustion engine
has four (a plurality of) main bearing caps 13a, 13b, 13c,
13d corresponding to the four bulkheads 16.
[0039] The main bearing cap 13 has a main bearing
cap-side first bearing portion 11a formed on an upper
end surface thereof on the cylinder block side, and a main
bearing cap-side second bearing portion 14a on a lower
end surface on the opposite side (lower side).
[0040] That is, the first bearing portion 11 is composed
of the main bearing cap-side first bearing portion 11a,
and a bulkhead-side first bearing portion 11b formed on
the bulkhead 16.
[0041] The second bearing portion 14 is composed of
the main bearing cap-side second bearing portion 14a,
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and a control shaft bearing cap-side second bearing por-
tion 14b formed on the control shaft bearing cap 15.
[0042] Of the four (plurality of) main bearing caps 13,
the actuator 30 is attached to the main bearing caps 13b,
13c positioned at a central portion in the cylinder row
direction.
[0043] As shown in Figures 2, 3, 5, and 6, the main
bearing caps 13b, 13c to which the actuator 30 is at-
tached have metal actuator attachment portions 34, to
which the actuator 30 is attached on one of the sides
(one side).
[0044] The actuator attachment portions 34, for exam-
ple, are cast integrally with the main bearing caps 13b,
13c.
[0045] The actuator attachment portions 34 constitute
one of the side (one side) surfaces of each of the main
bearing caps 13b, 13c.
[0046] The actuator attachment portion 34 has first and
second mounting surfaces 35, 36, which are in contact
with the actuator 30 and are spaced apart from each oth-
er, and a groove 37 positioned between the first mounting
surface 35 and the second mounting surface 36. The
groove 37 separates the first mounting surface 35 and
the second mounting surface 36.
[0047] The actuator attachment portion 34 is formed
such that the first and second mounting surfaces 35, 36
are positioned on the same plane, and are at the same
position in the engine width direction (left-right direction
in Figure 2).
[0048] That first mounting surface 35 is positioned
closer to the cylinder block side than the second mounting
surface 36. That is, the first mounting surface 35 and the
second mounting surface 36 are formed so as to be sep-
arated from each other in the vertical direction.
[0049] The actuator attachment portion 34 is formed
such that the second mounting surface 36 is positioned
below the control shaft bearing cap 15 in the vertical di-
rection.
[0050] The groove 37 is a recessed portion having a
prescribed width along the vertical direction, obtained by
hollowing out the portion between the first mounting sur-
face 35 and the second mounting surface 36.
[0051] The groove 37 is hollowed out so as to be re-
cessed toward the crank chamber side and has a U-
shaped cross section.
[0052] It is thereby possible to prevent the actuator 30
from coming in contact with portions other than the first
and second mounting surfaces 35, 36 of the bearing
member, when attaching the main bearing caps 13b, 13c
and the actuator 30. In addition, it is possible to increase
the design flexibility of the outer shape of the actuator 30.
[0053] Then, the groove 37 is formed so as to be ca-
pable of housing a portion of the actuator 30.
[0054] It is thereby possible to reduce the amount of
protrusion of the actuator 30 from the upper oil pan as-
sembly 25, and to downsize the variable-compression-
ratio internal combustion engine as a whole.
[0055] The groove 37 is continuous with the first

mounting surface 35 and the second mounting surface
36 and constitutes one of the sides (one side) of the main
bearing cap 13 together with the first mounting surface
35 and the second mounting surface 36.
[0056] For example, when the groove 37 becomes
deep and the hollowed amount increases, the weight of
the actuator attachment portion 34 decreases, but the
rigidity and strength also decrease. In addition, for ex-
ample, when the groove 37 becomes shallow and the
hallowed amount decreases, the rigidity and the strength
of the main bearing caps 13b, 13c increase, but there is
the risk of vibration (resonance) caused by the weight of
the actuator 30.
[0057] Therefore, weight reduction and rigidity of the
main bearing caps 13b, 13c are optimized by setting the
groove 37 between the first mounting surface 35 and the
second mounting surface 36. That is, by optimizing the
amount of the actuator attachment portions 34 hollowed
out by the groove 37, it is possible to achieve both good
strength and vibration characteristics, while securing the
rigidity of the main bearing caps 13b, 13c.
[0058] In the present embodiment, the first mounting
surface 35 and the second mounting surface 36 are po-
sitioned on the same plane, but it is also possible to form
actuator attachment portions 34 in which the first mount-
ing surface 35 and the second mounting surface 36 are
offset in the engine width direction (left-right direction in
Figure 2).
[0059] The actuator 30 is attached to the main bearing
caps 13b, 13c from the opening 33 of the upper oil pan
assembly 25.
[0060] The actuator 30 has a rectangular fixing part 38
that is fixed to the main bearing caps 13b, 13c. The fixing
part 38 closes the opening 33 of the upper oil pan as-
sembly 25 and is fixed to the first mounting surface 35
and the second mounting surface 36 of the main bearing
caps 13b, 13c by means of four bolts. The outer circum-
ferential surface of the fixing part 38 and the inner cir-
cumferential surface of the opening 33 are sealed by
means of a sealing material (not shown), such as a gas-
ket.
[0061] Accordingly, as shown in Figures 2 and 4, the
actuator 30 is fixed to the main bearing caps 13b, 13c in
a state in which the portion outside of the fixing part 38
is positioned on the outer side of the upper oil pan as-
sembly 25. That is, at least a portion of the actuator 30
is fixed to the main bearing caps 13b, 13c in a state in
which at least a portion thereof is positioned on the outer
side of the upper oil pan assembly 25.
[0062] The actuator 30 is a drive unit composed of an
electric motor, a decelerator, and the like, and rotationally
drives the control shaft 10 by swinging the link member
39 that is connected so as to be orthogonal to the control
shaft 10.
[0063] As shown in Figure 5, the link member 39 is
connected to the actuator 30.
[0064] The link member 39 is driven by the actuator
30, so as to swing in a plane perpendicular to the rota-
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tional axis of the control shaft 10 in the engine width di-
rection (left-right direction in Figure 2). The control shaft
10 rotates due to swinging of the connecting position with
the link member 39 caused by the swinging of the link
member 39.
[0065] The link member 39 is connected to the control
shaft 10 between the main bearing caps 13b, 13c. In
other words, the actuator 30 is fixed to the main bearing
caps 13b, 13c positioned on both sides of the link member
39 in the cylinder row direction.
[0066] As a result, the variable-compression-ratio in-
ternal combustion engine enables the actuator 30 to be
firmly supported and fixed to the main bearing caps 13b,
13c relative to the combustion load acting on the actuator
30 from the control shaft 10 via the link member 39.
[0067] In addition, the main bearing caps 13b, 13c are
formed such that the dimension along the cylinder row
direction of the actuator attachment portion 34 that is
closer to the link member 39 in the cylinder row direction
becomes relatively large.
[0068] In the variable-compression-ratio internal com-
bustion engine according to the present embodiment, the
main bearing cap 13b is closer to the link member 39
than the main bearing cap 13c in the cylinder row direc-
tion. Therefore, as shown in Figure 6, the variable-com-
pression-ratio internal combustion engine according to
the present embodiment is formed such that the dimen-
sion of the actuator attachment portion 34 of the main
bearing cap 13b along the cylinder row direction is larger
than the dimension of the actuator attachment portion 34
of the main bearing cap 13c along the cylinder row direc-
tion.
[0069] That is, the variable-compression-ratio internal
combustion engine according to the present embodiment
is formed such that thickness t1 (for example, t1 = 24.8
mm) of the actuator attachment portions 34 of the main
bearing cap 13b along the cylinder row direction is greater
than thickness t2 (for example, t2 = 21 mm) of the actuator
attachment portions 34 of the main bearing cap 13c along
the cylinder row direction.
[0070] As a result, the variable-compression-ratio in-
ternal combustion engine according to the present em-
bodiment enables the actuator 30 to be firmly supported
and fixed to the main bearing cap 13b relative to the com-
bustion load acting on the actuator 30 via the link member
39.
[0071] When fixing the actuator 30 to the side wall of
the oil pan upper assembly 25, it is necessary to increase
the rigidity of the side wall of the oil pan upper assembly
25. In this case, the weight of the upper oil pan assembly
25 is increased in order to increase the rigidity. Conse-
quently, there is the problem that the overall weight of
the variable-compression-ratio internal combustion en-
gine increases, which may result in a relative increase in
fuel consumption and engine output and an increase in
cost.
[0072] However, in the variable-compression-ratio in-
ternal combustion engine of the present embodiment,

the actuator 30 is fixed to the main bearing cap 13 in a
state in which a portion thereof is positioned on the outer
side of the upper oil pan assembly 25.
[0073] As a result, in the variable-compression-ratio
internal combustion engine of the present embodiment,
it is possible to fix the actuator 30 without increasing the
rigidity of the upper oil pan assembly 25.
[0074] By attaching the actuator 30 directly to the main
bearing cap 13, which rotatably supports the crankshaft
6, it is possible to suppress the weight increase of the oil
pan upper assembly 25 and to suppress the weight in-
crease of the variable-compression-ratio internal com-
bustion engine.
[0075] In addition, by suppressing the weight increase
of the variable-compression-ratio internal combustion
engine, it is possible to improve the fuel consumption and
engine output of the variable-compression-ratio internal
combustion engine, and to also reduce the cost of the
variable-compression-ratio internal combustion engine.
[0076] A bolt hole 41 into which is inserted the bolt 28
for fixing the actuator 30 to the main bearing cap 13 on
the first mounting surface 35 may be formed so as to
communicate with a bolt hole 42 into which the bolt 17
is inserted.
[0077] In addition, the actuator 30 may be fixed to three
or more main bearing caps 13.

Claims

1. A variable-compression-ratio internal combustion
engine comprising:

a case member that is attached to a lower portion
of a cylinder block and that forms a crank cham-
ber together with the cylinder block;
a bearing member that is attached to the lower
portion of the cylinder block and that, with the
cylinder block, forms a crankshaft bearing por-
tion that rotatably supports a crankshaft there-
between;
a multi-link piston crank mechanism that is po-
sitioned inside the crank chamber and that
changes a top dead center position of a piston
in accordance with a rotational position of a con-
trol shaft to thereby change a compression ratio;
and
an actuator that is fixed to a plurality of the bear-
ing members in a state in which at least a portion
thereof is positioned on an outer side of the case
member, and that rotationally drives the control
shaft of the multi-link piston crank mechanism.

2. The variable-compression-ratio internal combustion
engine according to claim 1, wherein
the case member has an opening on a side surface
along a cylinder row direction, and the actuator is
fixed to the plurality of bearing members from the

7 8 



EP 3 763 925 A1

6

5

10

15

20

25

30

35

40

45

50

55

opening.

3. The variable-compression-ratio internal combustion
engine according to claim 1 or 2, further comprising
a link member that is connected so as to be orthog-
onal to the control shaft, wherein
the actuator rotationally swings the link member to
rotationally drive the control shaft positioned parallel
with the crankshaft, and is fixed to a pair of the bear-
ing members positioned on both sides of the link
member in the cylinder row direction.

4. The variable-compression-ratio internal combustion
engine according to claim 1 or 2, further comprising
a link member that is connected so as to be orthog-
onal to the control shaft, wherein
the actuator rotationally swings the link member to
rotationally drive the control shaft positioned parallel
with the crankshaft, and
the plurality of bearing members to which the actu-
ator is fixed are formed such that the dimension
thereof along the cylinder row direction of the portion
to which the actuator is attached is larger when closer
to the link member in the cylinder row direction.

5. The variable-compression-ratio internal combustion
engine according to any one of claims 1 to 4, wherein
the plurality of bearing members to which the actu-
ator is attached have an actuator attachment portion
to which the actuator is attached, and
the actuator attachment portions have first and sec-
ond mounting surfaces that are in contact with the
actuator and are spaced apart from each other, and
a groove is positioned between the first mounting
surface and the second mounting surface and sep-
arates the first mounting surface and the second
mounting surface.

6. The variable-compression-ratio internal combustion
engine according to claim 5, wherein the grooves
are formed so as to be capable of housing a portion
of the actuator.

7. The variable-compression-ratio internal combustion
engine according to claim 5 or 6, wherein the actuator
attachment portions are cast integrally with the bear-
ing members.
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