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(54) VARIABLE COMPRESSION DEVICE, AND ENGINE SYSTEM

(67)  The variable compression device (A) includes:
a piston rod (6) whose end portion is provided with a
flange (6c¢); a fluid chamber (R3) that causes the piston
rod to be moved in a direction in which a compression
ratio is increased by a pressurized working fluid being
supplied thereto; a regulation member (7c) that is pro-
vided such that the flange is interposed between the reg-
ulation member and the fluid chamber, and regulates
movement of the piston rod in the direction in which the
compression ratio is increased; a regulation mem-

FIG. 2

ber-side fluid chamber (R7) that is provided between the
flange and the regulation member with the flange forming
a bottom surface of the regulation member-side fluid
chamber; a supply flow path (R6) that supplies a cooling
fluid to the regulation member-side fluid chamber; and a
pistonrod internal flow path (R8) thatincludes an opening
end on the bottom surface and guides the cooling fluid
in the regulation member-side fluid chamber to an inside
of the piston rod.
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Description
Technical Field

[0001] The present disclosure relates to a variable
compression device and an engine system.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2017-228333 filed on November 28, 2017, the
content of which is incorporated herein by reference.

Background Art

[0003] For example, Patent Document 1 discloses a
large reciprocating piston combustion engine including
a crosshead. The large reciprocating piston combustion
engine of Patent Document 1 is a dual fuel engine that
can be operated using both a liquid fuel such as heavy
oil and a gas fuel such as natural gas. In order for the
large reciprocating piston combustion engine of Patent
Document 1 to adapt to both a compression ratio suitable
for operation using a liquid fuel and a compression ratio
suitable for operation using a gas fuel, an adjustment
mechanism that changes the compression ratio by mov-
ing a piston rod due to a hydraulic pressure is provided
in a crosshead portion.

Document of Related Art
Patent Document

[0004] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2014-20375

Summary of Invention
Technical Problem

[0005] In an engine system including a compression
adjustment device that changes the compression ratio
as described above, part of a working fluid to be supplied
to the adjustment mechanism (hydraulic chamber) may
be supplied, as a cooling fluid, to the inside of a piston
through a piston rod. In order to supply the cooling fluid
to the inside of the piston through the piston rod, it is
conceivable to use a working fluid leaking out from the
hydraulic chamber, or to supply the cooling fluid through
an opening formed on the side of the pistonrod. However,
in a case where the working fluid leaking out from the
fluid chamber (hydraulic chamber) is used, it may be dif-
ficult to stably supply the working fluid. Further, in a case
where the cooling fluid is supplied to the inside of the
piston rod through the opening formed on the side of the
piston rod, since the relative position between the piston
rod and the fluid chamber varies depending on the com-
pression ratio, it is necessary to provide the opening of
the piston rod to be large, whereby the movable range
of the piston rod may be limited.

[0006] The presentdisclosureismade in consideration
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of the above-described circumstances, and an object
thereof is to stably supply a cooling fluid to the inside of
a piston and to increase the movable range of a piston
rod.

Solution to Problem

[0007] Inorderto solve the above-described problems,
a variable compression device of a first aspect of the
present disclosure includes: a piston rod whose end por-
tion is provided with a flange; a fluid chamber that causes
the piston rod to be moved in a direction in which a com-
pression ratio is increased by a pressurized working fluid
being supplied thereto; a regulation member that is pro-
vided such that the flange is interposed between the reg-
ulation member and the fluid chamber, and regulates
movement of the piston rod in the direction in which the
compression ratio is increased; a regulation member-
side fluid chamber that is provided between the flange
and the regulation member with the flange forming a bot-
tom surface of the regulation member-side fluid chamber;
a supply flow path that supplies a cooling fluid to the
regulation member-side fluid chamber; and a piston rod
internal flow path that includes an opening end on the
bottom surface and guides the cooling fluid in the regu-
lation member-side fluid chamber to an inside of the pis-
ton rod.

[0008] A second aspect of the present disclosure is
thatin the firstaspect, a surface of the regulation member
facing the regulation member-side fluid chamber is pro-
vided with an opening end of the supply flow path.
[0009] A third aspect of the present disclosure is that
the variable compression device of the first aspect further
includes afluid chamber-forming member that configures
the regulation member-side fluid chamber by the end por-
tion of the piston rod being inserted thereinto, wherein
the bottom surface is provided with a notch, a surface of
the fluid chamber-forming member facing the regulation
member-side fluid chamber is provided with an opening
end of the supply flow path, and the notch is provided
with the opening end of the piston rod internal flow path.
[0010] A fourth aspect of the present disclosure is that
in any one of the first to third aspects, the flange includes
a groove flow path in an area overlapping the opening
end of the piston rod internal flow path.

[0011] An engine system of a fifth aspect of the present
disclosure includes the variable compression device of
any one of the first to fourth aspects.

Effects of Invention

[0012] According to the present disclosure, a cooling
fluid is guided to the piston rod internal flow path from
the flow path opening provided in the flange of the piston
rod, and the flange forms the bottom surface of the reg-
ulation member-side fluid chamber. Thereby, itis not nec-
essary to form a flow path in the radial direction, which
is connected to the piston rod internal flow path from the
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side of the flange, when the cooling fluid is supplied to
the piston. Therefore, there is no limitation on the thick-
ness of the flange of the piston rod, and thus it is possible
to sufficiently secure the amount of movement of the
flange inside the fluid chamber, that is, the amount of
movement of the piston rod in the variable compression
device while the cooling fluid is stably supplied.

Brief Description of Drawings
[0013]

FIG. 1is a cross-sectional view of an engine system
of an embodiment of the present disclosure.

FIG. 2 is a schematic cross-sectional view showing
a portion of the engine system of the embodiment of
the present disclosure.

FIG. 3 is a schematic cross-sectional view showing
a flow of hydraulic oil of the engine system of the
embodiment of the present disclosure.

FIG. 4 is a schematic cross-sectional view showing
a flow of hydraulic oil of a modification of the engine
system of the embodiment of the present disclosure.

Description of Embodiments

[0014] Hereinafter, an embodiment of a two-stroke en-
gine of the present disclosure will be described with ref-
erence to the drawings.

(First Embodiment)

[0015] An engine system 100 of this embodiment is
mounted on a ship such as a large tanker and includes
an engine 1, a turbocharger 200 and a control unit 300
as shown in FIG. 1. Note that in this embodiment, the
turbocharger 200 is regarded as an auxiliary machine
and will be described as a separate body from the engine
1 (main machine). However, the turbocharger 200 may
be configured as a portion of the engine 1. In addition,
the turbocharger 200 is not an essential component for
the engine system 100 of this embodiment and may not
be provided in the engine system 100.

[0016] FIG. 1 is a longitudinal cross-sectional view
along a central axis of a cylindrical cylinder liner 3a to be
described later provided in the engine system 100. In
FIG. 1, a side on which an exhaust valve unit 5 to be
described lateris provided may be referred to as an upper
side, and a side on which a crankshaft 11 to be described
later is provided may be referred to as a lower side. A
direction intersecting the central axis of the cylinder liner
3a may be referred to as a radial direction. A diagram
seen in a direction of the central axis of the cylinder liner
3a may be referred to as a plan view.

[0017] The engine 1 is a multi-cylinder uniflow scav-
enging diesel engine and is a duel fuel engine that can
carry out a gas operation mode in which a gas fuel such
as natural gas is burned together with a liquid fuel such
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as heavy oil and a diesel operation mode in which a liquid
fuel such as heavy oil is burned. Note that in the gas
operation mode, only a gas fuel may be burned. The en-
gine 1 includes a frame 2, a cylinder unit 3, a piston 4,
the exhaust valve unit 5, a piston rod 6, a crosshead 7,
a hydraulic portion 8 (pressure-increasing mechanism),
a connecting rod 9, a crank angle sensor 10, the crank-
shaft 11, a scavenging reservoir 12, an exhaust reservoir
13 and an air cooler 14. In addition, a cylinder is config-
ured of the cylinder unit 3, the piston 4, the exhaust valve
unit 5 and the piston rod 6.

[0018] The frame 2 is arigid member that supports the
entire engine 1 and accommodates the crosshead 7, the
hydraulic portion 8 and the connecting rod 9. In addition,
the frame 2 is configured such that a crosshead pin 7a
to be described later of the crosshead 7 can reciprocate
inside the frame 2.

[0019] The cylinder unit 3 includes the cylindrical cyl-
inder liner 3a, a cylinder head 3b and a cylinder jacket
3c. The cylinder liner 3a is a cylindrical member, and a
sliding surface with the piston 4 is formed on an inner
side (inner circumferential surface) of the cylinder liner
3a. The space surrounded by the inner circumferential
surface of the cylinder liner 3a and the piston 4 is a com-
bustion chamber R1. In addition, a plurality of scavenging
ports S are provided in a lower portion of the cylinder
liner 3a. The scavenging ports S are openings that are
arranged along the circumferential surface of the cylinder
liner 3a and provide communication between a scaveng-
ing chamber R2 inside the cylinder jacket 3¢ and the in-
side of the cylinder liner 3a. The cylinder head 3b is a lid
member that is provided in an upper end portion of the
cylinderliner 3a. An exhaust portHis providedin a central
portion of the cylinder head 3b in a plan view and is con-
nected to the exhaust reservoir 13. In addition, the cyl-
inder head 3b is provided with a fuel injection valve (not
shown). Further, a cylinder internal pressure sensor (not
shown)is provided in the vicinity of the fuel injection valve
of the cylinder head 3b. The cylinder internal pressure
sensor detects a pressure inside the combustion cham-
ber R1 and transmits the detected pressure value to the
control unit 300. The cylinder jacket 3c is a cylindrical
member that is provided between the frame 2 and the
cylinder liner 3a and into which a lower end portion of the
cylinder liner 3ais inserted, and the scavenging chamber
R2 is formed inside the cylinder jacket 3c. In addition,
the scavenging chamber R2 of the cylinder jacket 3c is
connected to the scavenging reservoir 12.

[0020] The piston 4 has a substantially columnar
shape, is connected to the piston rod 6 to be described
later and is disposed inside the cylinder liner 3a. In ad-
dition, piston rings (not shown) are provided on the outer
circumferential surface of the piston 4 to seal a gap be-
tween the piston 4 and the cylinder liner 3a. The piston
4 slides inside the cylinder liner 3a together with the pis-
ton rod 6 in an up-down direction due to a change in
pressure in the combustion chamber R1. Further, the pis-
ton 4 is hollow thereinside, and ejection ports 4a of an
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outer flow path R8 to be described later are provided on
a lower surface of the inside of the piston 4.

[0021] The exhaust valve unit 5 includes an exhaust
valve 5a, an exhaust valve cage 5b and an exhaust valve-
driving unit 5¢. The exhaust valve 5a is provided inside
the cylinder head 3b and closes the exhaust port H of
the cylinder unit 3 by the exhaust valve-driving unit 5c.
The exhaust valve cage 5b is a cylindrical housing that
accommodates an end portion of the exhaust valve 5a.
The exhaust valve-driving unit 5¢ is an actuator that
moves the exhaust valve 5a in a direction parallel with a
stroke direction (a sliding direction, the up-down direc-
tion) of the piston 4.

[0022] The piston rod 6 is an elongate member having
one end (upper end) connected to the piston 4 and the
other end (lower end) coupled to the crosshead pin 7a.
The end portion (lower end portion) of the piston rod 6 is
inserted into the crosshead pin 7a, and the connecting
rod 9 is rotatably coupled to the end portion of the piston
rod 6. In addition, the piston rod 6 includes a flange 6¢
formed such that the diameter of a portion of an end por-
tion of the piston rod 6, the end portion being close to the
crosshead pin 7a, is increased (refer to FIG. 2). In addi-
tion, as shown in FIG. 3, the piston rod 6 has a double
pipe structure, which is configured of an outer pipe 6a
and an inner pipe 6b that is accommodated in the outer
pipe 6a. The flange 6¢ is provided so as to protrude out-
ward in the radial direction from the lower end portion
(the portion inserted into the crosshead pin 7a) of the
outer circumferential surface of the outer pipe 6a. The
inner pipe 6b includes a tubular main body accommodat-
ed in the outer pipe 6a and extending in the up-down
direction, and a plate-shaped diameter-increased portion
extending, inside the piston 4, outward in the radial di-
rection from an upper end of the main body. The diam-
eter-increased portion is provided with a plurality of pro-
trusion portions each having a tubular shape with a top
portion and extending upward, and the top portion of each
of the protrusion portions is provided with the ejection
port 4a penetrating in up-down direction. The piston rod
6 is provided with the outer flow path R8 (a piston rod
internal flow path), and the outer flow path R8 extends
downward (in a direction toward the lower surface of the
flange 6¢) from an upper surface (a surface facing a lid
member 7c¢ to be described later) of the flange 6¢, is bent
toward the inner pipe 6b disposed on the inner side in
the radial direction, and passes between the outer pipe
6a and the inner pipe 6b. In other words, the outer flow
path R8 includes a first flow path extending downward
from the upper surface of the flange 6¢, a second flow
path extending inward in the radial direction from a lower
end of the first flow path, a third flow path connected to
a radially inner end of the second flow path and provided
between the outer pipe 6a and the inner pipe 6b, and a
fourth flow path connected to an upper end of the third
flow path and provided between the above diameter-in-
creased portion of the inner pipe 6b and a bottom wall
portion (lower wall portion) of the piston 4. That is, the
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upper surface of the flange 6¢ of the piston rod 6 is pro-
vided with a flow path opening (opening end) of the outer
flow path R8. In addition, the inner pipe 6b is provided
with aninner flow path R9 communicating with the hollow
inside the piston 4 and extending to the lower end (the
end close to the crosshead 7) of the piston rod 6. In other
words, the inside of the above main body of the inner
pipe 6b configures the inner flow path R9.

[0023] The crosshead 7 includes the crosshead pin 7a
(a fluid chamber-forming member), a guide shoe 7b and
the lid member 7c (a regulation member). The crosshead
pin 7a is a columnar member that movably connects the
piston rod 6 and the connecting rod 9 to each other, an
end portion (lower end portion) of the piston rod 6 and
the flange 6¢ are inserted into the crosshead pin 7a, and
a fluid chamber R3 (a fluid chamber, a compression ratio-
changing fluid chamber) to and from which hydraulic oil
(working fluid) is supplied and discharged is provided be-
tween the crosshead pin 7a and the flange 6¢ of the piston
rod 6. A central axis of the crosshead pin 7a extends in
adirection orthogonal to the up-down direction. An upper
portion of the crosshead pin 7a is provided with an inser-
tion recessed portion that opens upward and into which
the flange 6c¢ is inserted so as to be slidable in the up-
down direction. The above fluid chamber R3 is provided
between a bottom surface of the insertion recessed por-
tion and the lower surface of the flange 6c. A portion
lower than the center of the crosshead pin 7ais provided
with a discharge port O penetrating the crosshead pin 7a
in an axial direction of the crosshead pin 7a. The dis-
charge portO is an opening from which hydraulic oil (cool-
ing fluid) having passed through the inner flow path R9
of the piston rod 6 is discharged. In addition, the cross-
head pin 7a is provided with a supply flow path R4 con-
necting the fluid chamber R3 and a plunger pump 8c to
be described later to each other, and a relief flow path
R5 connecting the fluid chamber R3 and a relief valve 8f
to be described later to each other.

[0024] The guide shoe 7b is a member that rotatably
supports the crosshead pin 7a and moves together with
the crosshead pin 7a on a guide rail (not shown) in the
stroke direction of the piston 4. The guide shoe 7b moves
along the guide rail, so that the movement of the cross-
head pin 7a in a direction other than a linear direction
parallel with the stroke direction of the piston 4 is regu-
lated. The rotary motion of the crosshead pin 7a around
the central axis thereof is also regulated. The lid member
7cis an annular member that is fixed to the upper portion
of the crosshead pin 7a and into which the end portion
of the piston rod 6 is inserted. The lid member 7c is pro-
vided at an opening peripheral edge of the insertion re-
cessed portion of the crosshead pin 7a. The inner diam-
eter of the lid member 7c is equal to the outer diameter
of the outer pipe 6a of the piston rod 6 and is less than
the outer diameter of the flange 6c. In addition, a sliding
surface with the piston rod 6 (a surface on an inner side
in the radial direction) of the lid member 7c is provided
with a seal ring (not shown). Thereby, an upper hydraulic
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chamber R7 (a regulation member-side fluid chamber)
is formed, which is surrounded by the crosshead pin 7a,
the lid member 7¢ and the flange 6¢ of the piston rod 6.
That is, the upper hydraulic chamber R7 is a space sur-
rounded by the upper surface of the flange 6¢, an inner
side surface of the insertion recessed portion of the cross-
head pin 7a, a lower surface of the lid member 7c, and
an outer circumferential surface of the outer pipe 6a. In
addition, the lid member 7c is provided with a portion of
a cooling oil supply flow path R6 (supply flow path) that
guides hydraulic oil to be supplied to the upper hydraulic
chamber R7. The other portion of the cooling oil supply
flow path R6 is provided in the crosshead pin 7a. The
cooling oil supply flow path R6 includes two flow paths
that guide part of hydraulic oil, which is pressure-supplied
by a supply pump 8a to be described later, to the upper
hydraulic chamber R7 through the lid member 7c from
the crosshead pin 7a. That s, the cooling oil supply flow
path R6 is connected to the supply pump 8a. A supply
opening (opening end) of each of the two cooling oil sup-
ply flow paths R6 is provided on a surface (lower surface)
ofthelid member 7c¢ close to the upper hydraulic chamber
R7. In addition, the crosshead 7 transmits the linear mo-
tion of the piston 4 to the connecting rod 9.

[0025] As shown in FIG. 2, the hydraulic portion 8 in-
cludes the supply pump 8a, a swing pipe 8b, the plunger
pump 8c, a first check valve 8d and a second check valve
8e connected to the plunger pump 8¢, and the relief valve
8f. In addition, the piston rod 6, the crosshead 7, the
hydraulic portion 8 and the control unit 300 may function
as a variable compression device A of the present dis-
closure. The variable compression device A is configured
to be able to change the compression ratio of the engine
1.

[0026] The supply pump 8a is a pump that pressurizes
hydraulic oil supplied from a hydraulic oil tank (not shown)
and supplies the pressurized hydraulic oil to the plunger
pump 8c based on instructions given from the control unit
300. The supply pump 8a is driven by electric power of
a battery of the ship and can operate before a liquid fuel
is supplied to the combustion chamber R1. The swing
pipe 8b is a pipe that connects the supply pump 8a and
the plunger pump 8c of each cylinder to each other and
is swingable between the plunger pump 8c moving in
association with the crosshead pin 7a and the fixed sup-
ply pump 8a.

[0027] The plunger pump 8c is fixed to the crosshead
pin 7a and includes a rod-shaped plunger 8c1, a tubular
cylinder 8c2 that slidably accommodates the plunger 8c1,
and a plunger-driving unit 8c3. The plunger pump 8c
slides inside the cylinder 8c2 by the plunger 8c1 being
connected to a driving unit (not shown) to pressurize hy-
draulic oil and to supply the pressurized hydraulic oil to
the fluid chamber R3. In addition, the first check valve 8d
is provided at an opening of an end portion of the cylinder
8c2, from which hydraulic oil is discharged, and the sec-
ond check valve 8e is provided at an opening provided
on a side circumferential surface of the cylinder 8c2, to
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which hydraulic oil is sucked. The plunger-driving unit
8c3 is connected to the plunger 8c1 and makes the plung-
er 8c 1 reciprocate based on instructions given from the
control unit 300.

[0028] The first check valve 8d is configured to be
closed by a valve body thereof being pushed inward of
the cylinder 8c2 by a pushing member (not shown) and
prevents hydraulic oil supplied to the fluid chamber R3
from reverse flowing to the cylinder 8c2. In addition, when
the pressure of the hydraulic oil in the cylinder 8c2 be-
comes equal to or higher than the pushing force (valve-
opening pressure) of the pushing member of the first
check valve 8d, the first check valve 8d is opened by the
valve body thereof being pushed by the hydraulic oil. The
second check valve 8e is pushed outward of the cylinder
8c2 by a pushing member (not shown) and prevents hy-
draulic oil supplied to the cylinder 8c2 from reverse flow-
ing to the supply pump 8a. In addition, when the pressure
of the hydraulic oil supplied from the supply pump 8a
becomes equal to or higher than the pushing force (valve-
opening pressure) of the pushing member of the second
check valve 8e, the second check valve 8e is opened by
a valve body thereof being pushed by the hydraulic oil.
Further, the valve-opening pressure of the first check
valve 8d is higher than the valve-opening pressure of the
second check valve 8e, and the first check valve 8d is
not opened due to the pressure of hydraulic oil supplied
from the supply pump 8a during a normal operation in
which the operation is performed at a predetermined
compression ratio.

[0029] The relief valve 8f is provided in the crosshead
pin 7a and includes a main body 8f1 and a relief valve-
driving unit 8f2. The main body 8f1 is a valve connected
to the fluid chamber R3 and the hydraulic oil tank (not
shown). The relief valve-driving unit 82 is connected to
a valve body of the main body 8f1 and opens and closes
the main body 8f1 based on instructions given from the
control unit 300. The relief valve 8f is opened by the relief
valve-driving unit 8f2, so that hydraulic oil stored in the
fluid chamber R3 is returned to the hydraulic oil tank.
[0030] As shown in FIG. 1, the connecting rod 9 is an
elongate member, which is coupled to the crosshead pin
7a and is coupled to the crankshaft 11. The connecting
rod 9 converts the linear motion of the piston 4 transmitted
to the crosshead pin 7a into rotary motion. The crank
angle sensor 10 is a sensor that measures a crank angle
of the crankshaft 11 and transmits a crank pulse signal
for calculating the crank angle to the control unit 300.
[0031] The crankshaft 11 is an elongate member that
is connected to the connecting rod 9 provided in the cyl-
inder, and is rotated by rotary motion transmitted from
each connecting rod 9 to transmit motive power to, for
example, a screw or the like. The scavenging reservoir
12 is provided between the cylinder jacket 3c and the
turbocharger 200, and air pressurized by the turbocharg-
er 200 flows into the scavenging reservoir 12. In addition,
the air cooler 14 is provided inside the scavenging res-
ervoir 12. The exhaust reservoir 13 is a pipe-shaped



9 EP 3 719 273 A1 10

member, which is connected to the exhaust port H of
each cylinder and is connected to the turbocharger 200.
Gas discharged from the exhaust port H is temporarily
stored in the exhaust reservoir 13 to limit pulsation and
is then supplied to the turbocharger 200. The air cooler
14 is a device that cools air inside the scavenging reser-
voir 12.

[0032] The turbocharger 200 is a device that pressu-
rizes air sucked from an intake port (not shown) by a
turbine that is rotated by gas discharged from the exhaust
portH, and supplies the pressurized air to the combustion
chamber R1.

[0033] The control unit 300 is a computer that controls
the amount of fuel to be supplied, and the like based on
operations performed by an operator of a ship, or the like.
In addition, the control unit 300 changes the compression
ratio in the combustion chamber R1 by controlling the
hydraulic portion 8. Specifically, the control unit 300
changes the position of the piston rod 6 to change the
compression ratio by controlling the plunger pump 8c,
the supply pump 8a and the relief valve 8f to adjust the
amount of hydraulic oil in the fluid chamber R3.

[0034] The engine system 100 is a device that makes
the piston 4 slide inside the cylinder liner 3a to rotate the
crankshaft 11 by igniting and exploding fuel injected into
the combustion chamber R1 from the fuel injection valve
(not shown). In detail, the fuel supplied to the combustion
chamber R1 is mixed with air flowing in from the scav-
enging ports S and is then compressed due to the piston
4 moving in a direction toward the top dead center, there-
by increasing the temperature thereof and causing spon-
taneous ignition. Further, in the case of using a liquid
fuel, the liquid fuel is vaporized due to an increase in
temperature in the combustion chamber R1, thereby
causing spontaneous ignition.

[0035] Then, the fuel in the combustion chamber R1
rapidly expands due to its spontaneous ignition, and a
pressure is applied to the piston 4 in a direction toward
the bottom dead center. Thereby, the piston 4 moves in
the direction toward the bottom dead center, the piston
rod 6 moves together with the piston 4, and the crankshaft
11 is rotated through the connecting rod 9. Further, the
piston 4 is moved to the bottom dead center, so that pres-
surized air flows into the combustion chamber R1 from
the scavenging ports S. The exhaust port H is opened
by the exhaust valve unit 5 being driven, and exhaust
gas in the combustion chamber R1 is pushed out to the
exhaust reservoir 13 by the pressurized air.

[0036] In a case where the compression ratio is in-
creased, the control unit 300 drives the supply pump 8a
to supply hydraulic oil to the plunger pump 8c. Then, the
control unit 300 drives the plunger pump 8c to pressurize
hydraulic oil up to a pressure capable of lifting the piston
rod 6, and supplies the pressurized hydraulic oil to the
fluid chamber R3. The flange 6c¢ of the piston rod 6 is
lifted by the pressure of the hydraulic oil in the fluid cham-
ber R3, and accordingly, the position of the top dead cent-
er of the piston 4 is changed upward (toward the exhaust
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port H).

[0037] In a case where the compression ratio is de-
creased, the control unit 300 drives the relief valve 8f to
provide communication between the fluid chamber R3
and the hydraulic oil tank (not shown). Then, the weight
of the piston rod 6 is applied to the hydraulic oil in the
fluid chamber R3, and the hydraulic oil in the hydraulic
chamber R3 is pushed out to the hydraulic oil tank
through the relief valve 8f. Thereby, the hydraulic oil in
the fluid chamber R3isreduced, the piston rod 6 is moved
downward (toward the crankshaft 11), and accordingly,
the position of the top dead center of the piston 4 is
changed downward.

[0038] Next, the flow of hydraulic oil on the piston rod
6-side will be described.

[0039] AsshowninFIG. 3, partof hydraulic oil supplied
from the supply pump 8a passes through the cooling oil
supply flow path R6 and is supplied to the upper hydraulic
chamber R7 from the lid member 7c. Thereby, the upper
hydraulic chamber R7 is filled with the hydraulic oil. Then,
the hydraulic oil in the upper hydraulic chamber R7 flows
into the outer flow path R8 from the flow path opening
formed on the upper surface (a bottom surface of the
upper hydraulicchamber R7) of the flange 6¢ of the piston
rod 6, is guided upward (in a compression direction) along
the piston rod 6, and is ejected to the inside of the piston
4 from the ejection ports 4a. The hydraulic oil ejected to
the inside of the piston 4 comes into contact with the inner
surface of the piston 4, so that the piston 4 can be cooled.
Further, the hydraulic oil ejected to the inside of the piston
4 is guided to the inner flow path R9, is ejected from the
lower end of the piston rod 6, and is discharged to the
outside from the discharge port O.

[0040] According to this embodiment, hydraulic oil is
supplied from above the upper hydraulic chamber R7,
and is guided to the outer flow path R8 from the flow path
opening provided in the flange 6¢ of the piston rod 6, the
flange 6¢ forming the bottom surface of the upper hy-
draulic chamber R7. Thereby, it is not necessary to form
an opening in the outer circumferential surface (the slid-
ing surface with the crosshead pin 7a) of the flange 6¢
when hydraulic oil (cooling oil) is supplied to the piston
4. Therefore, there is no limitation on the thickness of the
flange 6¢, and thus it is possible to sufficiently secure the
amount of movement of the flange 6c¢ inside the cross-
head pin 7a, that is, the amount of movement of the piston
rod 6 in the variable compression mechanism.

[0041] In addition, according to this embodiment, hy-
draulic oilis supplied toward the upper hydraulicchamber
R7 disposed below from the opening of the cooling oil
supply flow path R6 provided in the lid member 7c. There-
by, it is possible to supply hydraulic oil regardless of the
position of the piston rod 6 relative to the crosshead pin
7a accompanying a change in the compression ratio.

(Second Embodiment)

[0042] A modification of the first embodiment will be
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described as a second embodiment with reference to
FIG. 4. Note that components of the second embodiment,
which are common to the first embodiment, are repre-
sented by common reference signs, and descriptions
thereof will be omitted. Further, in FIG. 4, showing the
configuration of the hydraulic portion 8 is omitted.
[0043] Inthisembodiment, anotch having a step shape
is provided in a surface of the flange 6c of the piston rod
6 facing the lid member 7c (the upper surface of the flange
6¢, the bottom surface of the upper hydraulic chamber
R7). That is, a radially outer end portion of the upper
surface of the flange 6¢ is cut out. In addition, an opening
of the outer flow path R8 is provided in the notch formed
on the flange 6¢ of the piston rod 6. Note that in this
embodiment, the opening of the outer flow path R8 is
formed on a bottom surface (a surface facing upward) of
the notch, but may be formed on a side surface (a surface
facing outward in the radial direction) of the notch. The
cooling oil supply flow path R6 is a linear flow path pro-
vided in the crosshead pin 7a and extending inward from
the outside in the radial direction of the piston rod 6, and
a supply opening (opening end) of the cooling oil supply
flow path R6 is formed on a side circumferential surface
of the upper hydraulic chamber R7 (an inner side of the
crosshead pin 7a, the inner side surface of the insertion
recessed portion). Note that the supply opening is formed
on an upper side in the up-down direction (in the vicinity
of the lid member 7c of the crosshead pin 7a) of the inner
side surface of the insertion recessed portion. Thereby,
even when the piston rod 6 is moved in a direction in
which the compression ratio is increased (is moved up-
ward) and the flange 6¢ comes into contact with (or is
close to) the lid member 7c¢, the supply opening of the
cooling oil supply flow path R6 faces the notch of the
flange 6¢ and thus can be made to communicate with
the outer flow path R8 through the upper hydraulic cham-
ber R7. In this case, itis not necessary to form the cooling
oil supply flow path R6 in the lid member 7c, and thus
the cooling oil supply flow path R6 can be easily formed.
[0044] A variable compression device A of the above
embodiments includes: a piston rod 6 whose end portion
is provided with a flange 6¢; a fluid chamber R3 that caus-
es the piston rod 6 to be moved in a direction in which a
compression ratio is increased by a pressurized working
fluid being supplied thereto; a lid member 7c¢ that is pro-
vided such that the flange 6c is interposed between the
lid member 7c and the fluid chamber R3, and regulates
movement of the piston rod 6 in the direction in which
the compression ratio is increased; an upper hydraulic
chamber R7 that is provided between the flange 6¢ and
the lid member 7c with the flange 6¢ forming a bottom
surface of the upper hydraulic chamber R7; a cooling oil
supply flow path R6 that supplies a cooling fluid (cooling
oil) to the upper hydraulic chamber R7; and an outer flow
path R8 that includes an opening end on the bottom sur-
face and guides the cooling fluid in the upper hydraulic
chamber R7 to the inside of the piston rod 6.

[0045] A surface of the lid member 7c¢ facing the upper
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hydraulic chamber R7 may be provided with an opening
end of the cooling oil supply flow path R6.

[0046] The variable compressiondevice Aofthe above
embodiments may further include a crosshead pin 7a
that configures the upper hydraulic chamber R7 by the
end portion of the piston rod 6 being inserted thereinto,
the bottom surface may be provided with a notch, a sur-
face of the crosshead pin 7a facing the upper hydraulic
chamber R7 (an inner side surface of the insertion re-
cessed portion) may be provided with an opening end of
the cooling oil supply flow path R6, and the notch may
be provided with the opening end of the outer flow path
R8.

[0047] The flange 6¢c may include a groove flow path
in an area overlapping the opening end of the outer flow
path R8.

[0048] An engine system 100 includes the variable
compression device A of the above embodiments.
[0049] Hereinbefore, while preferred embodiments of
the present disclosure have been described with refer-
ence to the drawings, the present disclosure is not limited
to the above embodiments. Shapes, combinations and
the like of the components described in the above em-
bodiments are examples, and various modifications can
be made based on design requests and the like within
the scope of the present disclosure.

[0050] Inthe above embodiments, the flange 6¢ of the
piston rod 6 (the upper surface of the flange 6¢c) may be
provided with a groove flow path passing through a po-
sition overlapping the flow path opening of the outer flow
path R8 in a plan view. In this case, it is possible to effi-
ciently guide hydraulic oil having flowed into the upper
hydraulic chamber R7 to the flow path opening through
the groove flow path.

[0051] Further, in the second embodiment, the notch
formed in the flange 6¢ has a step shape, but the present
disclosure is not limited thereto. For example, an edge
portion (a radially outer edge portion) of a surface of the
flange 6¢, the surface facing the lid member 7c, may be
cut out to have a tapered shape, and the flow path open-
ing of the outer flow path R8 may be formed on the ta-
pered surface. Also in this case, effects similar to the
second embodiment can be obtained.

[0052] Further, in the above embodiments, hydraulic
oil is supplied as cooling oil to the upper hydraulic cham-
ber R7 from the supply pump 8a, but the present disclo-
sure is not limited thereto. For example, a cooling oil
pump may be provided separately from the supply pump
8a, and cooling oil may be supplied through a separate
system from hydraulic oil.

Description of Reference Signs

[0053]
1 Engine
2 Frame

3 Cylinder unit



3a
3b
3c

4a

5a
5b
5c

6a
6b
6¢c

7a
7b
7c

8a
8b
8c
8c1
8c2
8c3
8d
8e
8f
8f1
8f2

10
11
12
13
14
100
200
300

T

R1
R2
R3
R4
R5
R6
R7

R8
R9

13 EP 3 719 273 A1 14

Cylinder liner

Cylinder head

Cylinder jacket

Piston

Ejection port

Exhaust valve unit

Exhaust valve

Exhaust valve cage

Exhaust valve-driving unit
Piston rod

Outer pipe

Inner pipe

Flange

Crosshead

Crosshead pin (fluid chamber-forming member)
Guide shoe

Lid member (regulation member)
Hydraulic portion

Supply pump

Swing pipe

Plunger pump

Plunger

Cylinder

Plunger-driving unit

First check valve

Second check valve

Relief valve

Main body

Relief valve-driving unit
Connecting rod

Crank angle sensor
Crankshaft

Scavenging reservoir
Exhaust reservoir

Air cooler

Engine system
Turbocharger

Control unit

Variable compression device
Exhaust port

Discharge port

Combustion chamber
Scavenging chamber

Fluid chamber

Supply flow path

Relief flow path

Cooling oil supply flow path (supply flow path)
Upper hydraulic chamber (regulation member-
side fluid chamber)

Outer flow path (piston rod internal flow path)
Inner flow path

Scavenging port

Claims

1.

A variable compression device comprising:
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a piston rod whose end portion is provided with
a flange;

a fluid chamber that causes the piston rod to be
moved in a direction in which a compression ra-
tio is increased by a pressurized working fluid
being supplied thereto;

a regulation member that is provided such that
the flange is interposed between the regulation
member and the fluid chamber, and regulates
movement of the piston rod in the direction in
which the compression ratio is increased;

a regulation member-side fluid chamber that is
provided between the flange and the regulation
member with the flange forming a bottom sur-
face of the regulation member-side fluid cham-
ber;

a supply flow path that supplies a cooling fluid
to the regulation member-side fluid chamber;
and

a piston rod internal flow path that includes an
opening end on the bottom surface and guides
the cooling fluid in the regulation member-side
fluid chamber to an inside of the piston rod.

The variable compression device according to claim
1, wherein a surface of the regulation member facing
the regulation member-side fluid chamber is provid-
ed with an opening end of the supply flow path.

The variable compression device according to claim
1, further comprising:

a fluid chamber-forming member that configures
the regulation member-side fluid chamber by the
end portion of the piston rod being inserted
thereinto, wherein

the bottom surface is provided with a notch,

a surface of the fluid chamber-forming member
facing the regulation member-side fluid cham-
beris provided with an opening end of the supply
flow path, and

the notch is provided with the opening end of
the piston rod internal flow path.

The variable compression device according to any
one of claims 1 to 3, wherein the flange includes a
groove flow path in an area overlapping the opening
end of the piston rod internal flow path.

An engine system comprising the variable compres-
sion device according to any one of claims 1 to 4.
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