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DESCRIPTION

Description

Technical Field

[0001] The present disclosure relates to a compression ratio control device and an engine.
This application claims the benefit of priority to Japanese Patent Application No. 2018-063299
filed on March 28, 2018.

Background Art

[0002] In a crosshead type engine described in Patent Literature 1, a hydraulic mechanism is
provided between a piston rod and a crosshead pin. In Patent Literature 1, the hydraulic
mechanism is operated to cause the piston rod to move up and down so that a compression
ratio of the crosshead type engine may be varied. Patent Literature 4 discloses a variable
compression ratio control device according to the preamble of claim 1. Patent Literature 2, 3, 5
and 6 disclose further prior art.

Citation List

Patent Literature

[0003]

Patent Literature 1: JP 2014 - 020 375 A
Patent Literature 2: US 7 036 467 B2
Patent Literature 3: WO 2007 / 092 168 A2
Patent Literature 4: US 4 834 031 A
Patent Literature 5: US 2003 / 051 685 A1

Patent Literature 6: JP S62 - 032 213 A
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Summary

Technical Problem

[0004] In Patent Literature 1, fuel efficiency is improved by changing the compression ratio, for
example, when a supplied fuel is changed from diesel oil to gas. However, development of a
technology capable of further improving the fuel efficiency of an engine is longed for.

[0005] The present disclosure has an object to provide a compression ratio control device
capable of improving fuel efficiency of an engine, and to provide an engine.

Solution to Problem

[0006] The above-mentioned problem is solved by a compression ratio control device
according to claim 1. Advantageous embodiments are disclosed in the dependent claims. The
problem is also solved by an engine according to claim 7, which comprises the compression
ratio control device.

Effects of Disclosure

[0007] According to the compression ratio control device and the engine of the present
disclosure, it is possible to improve the fuel efficiency of the engine.

Brief Description of Drawings

[0008]
FIG. 1 is an explanatory view for illustrating an overall configuration of an engine.

FIG. 2A is an extracted view for illustrating a coupling portion between a piston rod and a
crosshead pin.

FIG. 2B is a functional block diagram for illustrating a compression ratio control device.

FIG. 3Ais an extracted view for illustrating the coupling portion between the piston rod and the
crosshead pin in a modification example.

FIG. 3B is a functional block diagram for illustrating the compression ratio control device in the



DK/EP 3779151 T3

modification example.

FIG. 4 is a graph for showing an example of a pressure in a cylinder measured by a pressure
detection sensor.

FIG. 5A is a graph for showing a relationship between an engine load and the maximum
combustion pressure when a compression ratio of a combustion chamber is fixed, not
according to the invention.

FIG. 5B is a graph for showing the relationship between the engine load and the maximum
combustion pressure when the compression ratio of the combustion chamber is fixed and
when the compression ratio is variable.

FIG. 6Ais a graph for showing a relationship between a fuel consumption rate (fuel efficiency)
and the engine load in an engine load region shown in FIG. 5B.

FIG. 6B is a graph for showing a relationship between the maximum combustion pressure and
the engine load in the engine load region shown in FIG. 5B.

FIG. 6C is a graph for showing a relationship between a compression pressure and the engine
load in the engine load region shown in FIG. 5B.

FIG. 6D is a graph for showing a relationship between a scavenging pressure and the engine
load in the engine load region shown in FIG. 5B.

FIG. 6E is a graph for showing a relationship between an effective compression ratio and the
engine load in the engine load region shown in FIG. 5B.

FIG. 7 is a flowchart for illustrating control processing for a compression ratio by a
compression ratio controller.

Description of Embodiment

[0009] Now, with reference to the attached drawings, an embodiment of the present disclosure
is described in detail. The dimensions, materials, and other specific numerical values
represented in the embodiment are merely examples used for facilitating the understanding of
the disclosure, and do not limit the present disclosure otherwise particularly noted. Elements
having substantially the same functions and configurations herein and in the drawings are
denoted by the same reference symbols to omit redundant description thereof. Further,
illustration of elements with no direct relationship to the present disclosure is omitted.

[0010] FIG. 1 is an explanatory view for illustrating an overall configuration of an engine 100.
As illustrated in FIG. 1, the engine 100 includes a cylinder 110, a piston 112, a piston rod 114,
a crosshead 116, a connecting rod 118, a crankshaft 120, a flywheel 122, a cylinder cover 124,
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an exhaust valve cage 126, a combustion chamber 128, an exhaust valve 130, an exhaust
valve drive device 132, an exhaust pipe 134, a scavenge reservoir 136, a cooler 138, and a
cylinder jacket 140.

[0011] The piston 112 is provided in the cylinder 110. The piston 112 is configured to
reciprocate inside the cylinder 110. One end of the piston rod 114 is mounted to the piston 112.
A crosshead pin 150 of the crosshead 116 is coupled to another end of the piston rod 114. The
crosshead 116 is configured to reciprocate together with the piston 112. A movement of the
crosshead 116 in a right-and-left direction (a direction perpendicular to a stroke direction of the
piston 112) of FIG. 1 is restricted by a guide shoe 116a.

[0012] The crosshead pin 150 is axially supported by a crosshead bearing 118a provided at
one end of the connecting rod 118. The crosshead pin 150 is configured to support one end of
the connecting rod 118. Another end of the piston rod 114 and the one end of the connecting
rod 118 are connected to each other through intermediation of the crosshead 116.

[0013] Another end of the connecting rod 118 is coupled to the crankshaft 120. The crankshaft
120 is rotatable with respect to the connecting rod 118. When the crosshead 116 reciprocates
as the piston 112 reciprocates, the crankshaft 120 rotates. A rotation speed detection sensor
184 is provided in the engine 100. The rotation speed detection sensor 184 is provided in a
vicinity of the crankshaft 120. The rotation speed detection sensor 184 is configured to detect
an angle of the crankshaft 120, to thereby detect the engine rotation speed.

[0014] The flywheel 122 is mounted to the crankshaft 120. Rotations of the crankshaft 120 and
the like are stabilized by an inertia of the flywheel 122. The cylinder cover 124 is provided at a
top end of the cylinder 110. The exhaust valve cage 126 is inserted through the cylinder cover
124.

[0015] One end of the exhaust valve cage 126 faces the piston 112. An exhaust port 126a is
opened at the one end of the exhaust valve cage 126. The exhaust port 126a is opened to the
combustion chamber 128. The exhaust chamber 128 is formed inside the cylinder 110 so as to
be surrounded by the cylinder cover 124, the cylinder 110, and the piston 112.

[0016] A valve body of the exhaust valve 130 is located in the combustion chamber 128. The
exhaust valve drive device 132 is mounted to a rod portion of the exhaust valve 130. The
exhaust valve drive device 132 is arranged in the exhaust valve cage 126. The exhaust valve
drive device 132 moves the exhaust valve 130 in a stroke direction of the piston 112.

[0017] When the exhaust valve 130 moves toward the piston 112 side, the exhaust port 126a
is opened. When the exhaust port 126a is opened, an exhaust gas generated in the cylinder
110 after the combustion is discharged from the exhaust port 126a. After the exhaust gas is
discharged, when the exhaust valve 130 moves toward the exhaust valve cage 126 side, the
exhaust port 126a is closed.
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[0018] The exhaust pipe 134 is mounted to the exhaust valve cage 126 and a turbocharger C.
An inside of the exhaust pipe 134 communicates with the exhaust port 126a and a turbine of
the turbocharger C. The exhaust gas discharged from the exhaust port 126a is supplied to the
turbine of the turbocharger C through the exhaust pipe 134, and is then discharged to the
outside.

[0019] An active gas is pressurized by a compressor of the turbocharger C. In this state, the
active gas is, for example, air. The pressurized active gas is cooled by the cooler 138 in the
scavenge reservoir 136. A bottom end of the cylinder 110 is surrounded by the cylinder jacket
140. A scavenge chamber 140a is formed inside the cylinder jacket 140. The active gas after
the cooling is forcibly fed into the scavenge chamber 140a.

[0020] Scavenging ports 110a are formed on a bottom end side of the cylinder 110. The
scavenging port 110a is a hole passing from an inner peripheral surface to an outer peripheral
surface of the cylinder 110. A plurality of scavenging ports 110a are formed at intervals in a
circumferential direction of the cylinder 110.

[0021] When the piston 112 moves toward a bottom dead center position side with respect to
the scavenging ports 110a, the active gas is sucked from the scavenging ports 110a into the
cylinder 110 by a pressure difference between the scavenge chamber 140a and the inside of
the cylinder 110. A scavenging pressure detection sensor 186 is provided in the scavenge
chamber 140a. The scavenging pressure detection sensor 186 is configured to detect a
scavenging pressure, which is a pressure of the active gas supplied into the cylinder 110
(combustion chamber 128).

[0022] A gas fuel injection valve (not shown) is provided in a vicinity of the scavenging ports
110a, or a portion of the cylinder 110 from the scavenging ports 110a to the cylinder cover 124.
The fuel gas is injected from the gas fuel injection valve, and then flows into the cylinder 110.

[0023] A pilot injection valve (not shown) is provided in the cylinder cover 124. An appropriate
amount of fuel oil is injected from the pilot injection valve into the combustion chamber 128.
The fuel oil is vaporized, ignited, and combusted through heat of the combustion chamber 128,
thereby increasing the temperature in the combustion chamber 128. Mixture of the fuel gas
and the active gas compressed by the piston 112 is ignited by the heat of the combustion
chamber 128, and is combusted. The piston 112 is configured to reciprocate through an
expansion pressure generated by the combustion of the fuel gas (mixture). An injection
amount detection sensor 188 is provided in the cylinder cover 124. The injection amount
detection sensor 188 is configured to detect an injection amount of the fuel supplied from the
gas fuel injection valve (not shown) into the combustion chamber 128. Moreover, a pressure
detection sensor 190 is provided in the cylinder cover 124. The pressure detection sensor 190
is configured to detect a pressure in the cylinder 110 (combustion chamber 128).

[0024] The rotation speed detection sensor 184, the scavenging pressure detection sensor
186, the fuel injection amount detection sensor 188, and the pressure detection sensor 190
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are connected to a compression ratio controller 182 described later, and are configured to
output detection values (detection signals) to the compression ratio controller 182. In FIG. 1,
flows of the signals are indicated by broken line arrows.

[0025] In this case, the fuel gas is produced by, for example, gasifying a liquefied natural gas
(LNG). However, the fuel gas is not limited to those produced by gasifying the LNG, and there
may also be used fuel gas produced by gasifying, for example, a liquefied petroleum gas
(LPG), a light oil, or a heavy oil.

[0026] A compression ratio varying mechanism V is provided for the engine 100. A
compression ratio control device 180 configured to control a compression ratio of the
combustion chamber 128 is provided for the engine 100. The compression ratio control device
180 includes detectors such as the rotation speed detection sensor 184, the scavenging
pressure detection sensor 186, the injection amount detection sensor 188, and the pressure
detection sensor 190, and the compression ratio controller 182. The compression ratio
controller 182 is configured to control the compression ratio varying mechanism V based on
the signals obtained from the detectors such as the rotation speed detection sensor 184, the
scavenging pressure detection sensor 186, the injection amount detection sensor 188, and the
pressure detection sensor 190. A detailed description is now given of the compression ratio
varying mechanism V and the compression ratio control device 180.

[0027] FIG. 2A and FIG. 2B are a schematic configuration view and a schematic configuration
diagram for illustrating the compression ratio varying mechanism V and the compression ratio
control device 180, respectively. FIG. 2A is an extracted view for illustrating a coupling portion
between the piston rod 114 and the crosshead pin 150. FIG. 2B is a functional block diagram
for illustrating the compression ratio control device 180. As illustrated in FIG. 2A, a flat surface
portion 152 is formed on an outer peripheral surface of the crosshead pin 150 on the piston
112 side. The flat surface portion 152 extends in a direction substantially perpendicular to the
stroke direction of the piston 112.

[0028] A pin hole 154 is formed in the crosshead pin 150. The pin hole 154 is opened in the
flat surface portion 152. The pin hole 154 extends from the flat surface portion 152 toward the
crankshaft 120 side (bottom side of FIG. 2) along the stroke direction.

[0029] A cover member 160 is provided on the flat surface portion 152 of the crosshead pin
150. The cover member 160 is mounted to the flat surface portion 152 of the crosshead pin
150 by a fastening member 162. The cover member 160 covers the pin hole 154. A cover hole
160a passing in the stroke direction is provided in the cover member 160.

[0030] The piston rod 114 includes a large-diameter portion 114a and a small-diameter portion
114b. An outer diameter of the large-diameter portion 114a is larger than an outer diameter of
the small-diameter portion 114b. The large-diameter portion 114a is formed at the another end
of the piston rod 114. The large-diameter portion 114a is inserted into the pin hole 154 of the
crosshead pin 150. The small-diameter portion 114b is formed on the one end side of the
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piston rod 114 with respect to the large-diameter portion 114a. The small-diameter portion
114b is inserted into the cover hole 160a of the cover member 160.

[0031] A hydraulic chamber 154a is formed inside the pin hole 154. The pin hole 154 is
partitioned by the large-diameter portion 114a in the stroke direction. The hydraulic chamber
154a is a space defined on a bottom surface 154b side of the pin hole 154 partitioned by the
large-diameter portion 114a.

[0032] The compression ratio varying mechanism V includes a hydraulic pressure adjustment
mechanism O. The hydraulic pressure adjustment mechanism O includes a hydraulic pipe 170,
a hydraulic pump 172, a check valve 174, a branch pipe 176, and a selector valve 178.

[0033] One end of an oil passage 156 is opened in the bottom surface 154b. Another end of
the oil passage 156 is opened to an outside of the crosshead pin 150. The hydraulic pipe 170
is connected to the another end of the oil passage 156. The hydraulic pump 172
communicates with the hydraulic pipe 170. The hydraulic pump 172 supplies working oil
supplied from an oil tank (not shown) to the hydraulic pipe 170 based on an instruction from
the compression ratio controller 182. The check valve 174 is provided between the hydraulic
pump 172 and the oil passage 156. A flow of working oil flowing from the oil passage 156 side
toward the hydraulic pump 172 is suppressed by the check valve 174. The working oil is
forcibly fed into the hydraulic chamber 154a from the hydraulic pump 172 through the oil
passage 156.

[0034] The branch pipe 176 is connected to the hydraulic pipe 170 between the oil passage
156 and the check valve 174. The selector valve 178 is provided to the branch pipe 176. The
selector valve 178 is, for example, an electromagnetic valve. The selector valve 178 is
controlled to an open state or a closed state based on an instruction from the compression
ratio controller 182. The selector valve 178 is closed during operation of the hydraulic pump
172. When the selector valve 178 is opened while the hydraulic pump 172 is stopped, the
working oil is discharged from the hydraulic chamber 154a toward the branch pipe 176 side.
The selector valve 178 communicates with the oil tank (not shown) on a side of the selector
valve 178 opposite to the oil passage 156. The discharged working oil is retained in the oil
tank. The oil tank is configured to supply the working oil to the hydraulic pump 172.

[0035] The large-diameter portion 114a is configured to slide on an inner peripheral surface of
the pin hole 154 in the stroke direction in accordance with an oil amount of the working oil in
the hydraulic chamber 154a. As a result, the piston rod 114 moves in the stroke direction. The
piston 112 moves together with the piston rod 114. A top dead center position of the piston 112
becomes variable through the movement of the piston rod 114 in the stroke direction.

[0036] The compression ratio varying mechanism V includes the hydraulic chamber 154a and
the large-diameter portion 114a of the piston rod 114. The compression ratio varying
mechanism V moves the top dead center position of the piston 112 so that the compression
ratio is variable. The compression ratio varying mechanism V can vary the top dead center



DK/EP 3779151 T3

position and the bottom dead center position of the piston 112 in the cylinder 110 of the engine
100 through adjustment of the oil amount of the working oil to be supplied to the hydraulic
chamber 154a.

[0037] Description has been given of the case in which the one hydraulic chamber 154a is
provided. However, a space 154c on the cover member 160 side of the pin hole 154
partitioned by the large-diameter portion 114a may also be a hydraulic chamber. This hydraulic
chamber may be used together with the hydraulic chamber 154a or may be used individually.

[0038] In FIG. 2B, a configuration relating to control for the compression ratio varying
mechanism V is mainly illustrated. As illustrated in FIG. 2B, the compression ratio control
device 180 includes the compression ratio controller 182. The compression ratio control device
180 is formed of, for example, an engine control unit (ECU). The compression ratio control
device 180 is formed of a central processing unit (CPU), a ROM storing programs and the like,
a RAM serving as a work area, and the like, and is configured to control the entire engine 100.

[0039] The compression ratio controller 182 is configured to control the hydraulic pump 172
and the selector valve 178 to move the top dead center position of the piston 112. In such a
manner, the compression ratio controller 182 controls a geometrical compression ratio of the
engine 100.

[0040] FIG. 3A and FIG. 3B are respectively a schematic configuration view and a schematic
configuration diagram for illustrating a compression ratio varying mechanism Va and a
compression ratio control device 180a in a modification example. FIG. 3A is an extracted view
for illustrating the coupling portion between the piston rod 114 and the crosshead pin 150 in
the modification example. FIG. 3B is a functional block diagram for illustrating the compression
ratio control device 180a in the modification example.

[0041] The compression ratio varying mechanism Va includes the hydraulic chamber 154a and
the large-diameter portion 114a of the piston rod 114. The compression ratio varying
mechanism Va includes a hydraulic pressure adjustment mechanism Oa. The hydraulic
pressure adjustment mechanism Oa includes the hydraulic pump 172, a swiveling pipe 302, a
plunger pump 304, a relief valve 306, a plunger driver 308, and a relief valve driver 310.

[0042] The hydraulic pump 172 supplies the working oil supplied from the oil tank (not shown)
to the swiveling pipe 302 based on an instruction from the compression ratio controller 182.
The swiveling pipe 302 is a pipe configured to connect the hydraulic pump 172 and the plunger
pump 304 to each other. The swiveling pipe 302 is configured to be able to swivel between the
plunger pump 304 moving together with the crosshead pin 150 and the hydraulic pump 172.

[0043] The plunger pump 304 is mounted to the crosshead pin 150. The plunger pump 304
includes a plunger 304a having a rod shape and a cylinder 304b having a tubular shape
configured to slidably receive the plunger 304a.
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[0044] The plunger pump 304 moves as the crosshead pin 150 moves so that the plunger
304a comes into contact with the plunger driver 308. The plunger pump 304 is slid in the
cylinder 304b through the contact of the plunger 304a with the plunger driver 308, thereby
increasing the pressure of the working oil in the cylinder 304b to supply the working oil
increased in pressure to the hydraulic chamber 154a. A first check valve 304c is provided in an
opening provided at an end of the cylinder 304b on a discharge side for the working oil. A
second check valve 304d is provided in an opening formed in a side peripheral surface of the
cylinder 304b on a suction side.

[0045] The plunger driver 308 is driven to a contact position, which is brought into contact with
the plunger 304a and a non-contact position, which is not brought into contact with the plunger
304a based on instructions from the compression ratio controller 182. The plunger driver 308
comes into contact with the plunger 304a, to thereby press the plunger 304a toward the
cylinder 304b.

[0046] The first check valve 304c is closed when a valve body is biased toward an inside of the
cylinder 304b. When the first check valve 304c is closed, after the working oil has been
supplied to the hydraulic chamber 154a, flowing back of the working oil into the cylinder 304b is
suppressed. When a pressure of the working oil in the cylinder 304b becomes equal to or more
than a biasing force (opening pressure) of a biasing member of the first check valve 304c, the
valve body of the first check valve 304c is pushed by the working oil, thereby being opened.

[0047] The second check valve 304d is closed when a valve body is biased toward an outside
of the cylinder 304b. WWhen the second check valve 304d is closed, after the working oil has
been supplied to the cylinder 304b, the flowing back of the working oil into the hydraulic pump
172 is suppressed. Moreover, when the pressure of the working oil supplied from the hydraulic
pump 172 becomes equal to or more than a biasing force (opening pressure) of a biasing
member of the second check valve 304d, the valve body of the second check valve 304d is
pushed by the working oil, thereby being opened. The opening pressure of the first check valve
304c is set to be higher than the opening pressure of the second check valve 304d.

[0048] The relief valve 306 is mounted to the crosshead pin 150. The relief valve 306 is
connected to the hydraulic chamber 154a and the oil tank (not shown). The relief valve 306
includes a rod 306a having a rod shape, a main body 306b having a tubular shape, and a
valve body 306c¢c. The main body 306b is configured to slidably receive the rod 306a. An
internal flow passage is formed inside the main body 306b. The working oil discharged from
the hydraulic chamber 154a flows through the internal flow passage. The valve body 306¢c is
arranged in the internal flow passage of the main body 306b.

[0049] The relief valve 306 is configured to move as the crosshead pin 150 moves so that the
rod 306a comes into contact with the relief valve driver 310. The relief valve driver 310 is
driven to a contact position, which is brought into contact with the rod 306a and a non-contact
position, which is not brought into contact with the rod 306a based on instructions from the
compression ratio controller 182. The relief valve driver 310 comes into contact with the rod
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306a, to thereby press the rod 306a toward the main body 306b. When the rod 306a is
pressed toward the main body 306b, the rod 306a opens the valve body 306¢. When the valve
body 306¢ is opened, the working oil stored in the hydraulic chamber 154a is returned to the oil
tank.

[0050] Each of the plunger driver 308 and the relief valve driver 310 includes a mechanism
including a cam plate configured to perform operation control through, for example, a change
in relative position to the plunger pump 304 or the relief valve 306. Moreover, each of the
plunger driver 308 and the relief valve driver 310 includes a mechanism configured to use an
actuator to drive the relative position of the cam plate.

[0051] In FIG. 3B, a configuration relating to control for the compression ratio varying
mechanism Va is mainly illustrated. As illustrated in FIG. 3B, the compression ratio control
device 180a includes the compression ratio controller 182. The compression ratio control
device 180a is formed of, for example, an engine control unit (ECU). The compression ratio
control device 180a is formed of a central processing unit (CPU), a ROM storing programs and
the like, a RAM serving as a work area, and the like, and is configured to control the entire
engine 100.

[0052] The compression ratio controller 182 is configured to control the hydraulic pump 172,
the plunger driver 308, and the relief valve driver 310 to move the top dead center position of
the piston 112. In such a manner, the compression ratio controller 182 controls a geometrical
compression ratio of the engine 100.

[0053] Incidentally, an upper limit value (hereinafter referred to as "cylinder-internal-pressure
upper limit value™) of the pressure in the cylinder 110 is defined for the engine 100 from the
view point of durability of the cylinder 110. FIG. 4 is a graph for showing an example of the
pressure in the cylinder 110 measured by the pressure detection sensor 190. In FIG. 4, a
vertical axis represents the pressure (cylinder internal pressure) in the cylinder 110, and a
horizontal axis represents a crank angle.

[0054] As shown in FIG. 4, as the crank angle approaches the top dead center from the
bottom dead center, the mixture (the air and the fuel) in the cylinder 110 is compressed by the
piston 112, and the temperature and the pressure in the cylinder 110 increase (compression
stroke). When the crank angle reaches a point A before the crank angle reaches the top dead
center from the bottom dead center, the mixture in the cylinder 110 is combusted, and the
combustion gas is expanded by heat generated by the combustion (the combustion stroke and
the expansion stroke). A force for pushing down the piston 112 is generated through an
increase in pressure by the expansion of the combustion gas.

[0055] In this embodiment, of the pressures in the cylinder 110 measured by the pressure
detection sensor 190, a pressure in the compression stroke in which the crank angle is before
the point A is referred to as "compression pressure Pcomp”. Moreover, of the pressures in the
cylinder 110 measured by the pressure detection sensor 190, a pressure in the combustion
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stroke and the expansion stroke in which the crank angle is after the point A is referred to as
"combustion pressure P". Moreover, the maximum pressure of the combustion pressure P is
referred to as "maximum combustion pressure Pmax". The maximum combustion pressure
Pmax is the maximum pressure in the cylinder 110 measured by the pressure detection sensor
190 in one combustion cycle. A broken line of FIG. 4 indicates a compression pressure after
the point A estimated from the pressure measured in the compression stroke. A point B of FIG.
4 indicates a peak position (peak value) of the estimated compression pressure. Moreover, a
point C of FIG. 4 indicates a peak position (peak value) of the combustion pressure P, that is, a
position of the maximum combustion pressure Pmax.

[0056] As described above, the cylinder-internal-pressure upper limit value (combustion
pressure upper limit value) is defined for the engine 100. Therefore, the engine 100 needs to
suppress the maximum combustion pressure Pmax so as to be equal to or less than the
cylinder-internal-pressure upper limit value. The maximum combustion pressure Pmax
changes in accordance with a scavenging pressure Ps, which is a pressure of the active gas
supplied to the combustion chamber 128. Specifically, as the scavenging pressure Ps becomes
larger, the maximum combustion pressure Pmax becomes larger. As the scavenging pressure
Ps becomes smaller, the maximum combustion pressure Pmax becomes smaller.

[0057] The scavenging pressure Ps changes in accordance with engine load. Specifically, as
the engine load (for example, the engine rotation speed) becomes larger, the scavenging
pressure Ps becomes larger. As the engine load becomes smaller, the scavenging pressure Ps
becomes smaller. Consequently, the maximum combustion pressure Pmax reaches the
highest value at an engine full load (100% load) at which the scavenging pressure Ps becomes
larger to the highest value, that is, the engine load becomes larger to the highest value.
Therefore, the compression ratio of the engine 100 is usually set so that the maximum
combustion pressure Pmax at the engine full load is the cylinder-internal-pressure upper limit
value when the compression ratio of the combustion chamber 128 is fixed.

[0058] FIG. 5A and FIG. 5B are graphs showing a relationship between the engine load and
the maximum combustion pressure Pmax. In each of FIG. 5A and FIG. 5B, a vertical axis
represents the maximum combustion pressure Pmax, and a horizontal axis represents the
engine load. FIG. 5A is a graph for showing a relationship between the engine load and the
maximum combustion pressure Pmax when the compression ratio of the combustion chamber
128 is fixed, not according to the invention. FIG. 5B is a graph for showing the relationship
between the engine load and the maximum combustion pressure Pmax when the compression
ratio of the combustion chamber 128 is fixed and when the compression ratio is variable. In
FIG. 5A and FIG. 5B, a one-dot chain line indicates the cylinder-internal-pressure upper limit
value Pmax Limit.

[0059] A solid line of FIG. 5A indicates the maximum combustion pressure Pmax changing in
accordance with the engine load when the compression ratio of the combustion chamber 128
is fixed. As shown in FIG. 5A, when the compression ratio of the combustion chamber 128 is
fixed, the maximum combustion pressure Pmax is the cylinder-internal-pressure upper limit
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value Pmax Limit in the engine full load state. As the maximum combustion pressure Pmax
becomes larger, a fuel consumption rate can be reduced (that is, the fuel efficiency can be
improved). Therefore, the fuel efficiency is improved in the engine full load state in which the
maximum combustion pressure Pmax is the cylinder-internal-pressure upper limit value Pmax
Limit.

[0060] However, as shown in FIG. 5A, when the compression ratio of the combustion chamber
128 is fixed, the maximum combustion pressure Pmax does not reach the cylinder-internal-
pressure upper limit value Pmax Limit in a load state in which the engine load is lower than the
engine load in the engine full load state. Consequently, in the example shown in FIG. 5A, there
is a room for improving the fuel efficiency in a load state in which the engine load is lower than
the engine load in the engine full load state.

[0061] Consequently, in the embodiment of FIG. 5B, at least in a state in which the engine load
is equal to or less than a predetermined load, the compression ratio controller 182 controls the
compression ratio of the combustion chamber 128 (compression ratio varying mechanism V)
so that the maximum combustion pressure Pmax approaches the cylinder-internal-pressure
upper limit value Pmax Limit set in advance. In this embodiment, the compression ratio
controller 182 can acquire the detection value (the cylinder internal pressure including the
maximum combustion pressure Pmax) output from the pressure detection sensor 190.
Consequently, the compression ratio controller 182 compares the maximum combustion
pressure Pmax detected by the pressure detection sensor 190 and the cylinder-internal-
pressure upper limit value Pmax Limit with each other, and then controls the compression ratio
so that the maximum combustion pressure Pmax approaches the cylinder-internal-pressure
upper limit value Pmax Limit.

[0062] The compression ratio controller 182 controls the compression ratio varying mechanism
V so that the compression ratio of the combustion chamber 128 becomes variable between a
compression ratio €0 and a compression ratio en. The compression ratio €0 is a compression
ratio at which the compression ratio of the combustion chamber 128 is the lowest. The
compression ratio €n is a compression ratio at which the compression ratio of the combustion
chamber 128 is the highest.

[0063] A solid line of FIG. 5B indicates the maximum combustion pressure Pmax, which
changes in accordance with the engine load when the compression ratio of the combustion
chamber 128 is variable in this embodiment. In this embodiment, the compression ratio
controller 182 controls the compression ratio varying mechanism V so that the compression
ratio of the combustion chamber 128 is a lowest compression ratio €0 in the engine full load
state. As shown in FIG. 5B, when the compression ratio of the combustion chamber 128 is the
lowest compression ratio €0 in the engine full load state, the maximum combustion pressure
Pmax is the cylinder-internal-pressure upper limit value Pmax Limit. In this configuration, a
broken line of FIG. 5B indicates the maximum combustion pressure Pmax, which changes in
accordance with the engine load when the compression ratio of the combustion chamber 128
is fixed to the lowest compression ratio €0.
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[0064] The compression ratio controller 182 controls the compression ratio varying mechanism
V so that the compression ratio of the combustion chamber 128 is a compression ratio larger
than the lowest compression ratio €0 in a load state in which a load is smaller than the load in
the engine full load state. As described above, the maximum combustion pressure Pmax
changes in accordance with the scavenging pressure Ps, but also changes in accordance with
the compression ratio of the combustion chamber 128. Specifically, as the compression ratio
becomes larger, the maximum combustion pressure Pmax becomes larger. As the
compression ratio becomes smaller, the maximum combustion pressure Pmax becomes
smaller.

[0065] Consequently, even when the scavenging pressure Ps decreases, and the maximum
combustion pressure Pmax thus becomes smaller, the maximum combustion pressure Pmax
can be made larger through changing the compression ratio of the combustion chamber 128 to
a compression ratio larger than the lowest compression ratio €0. As a result, the maximum
combustion pressure Pmax can be caused to approach the cylinder-internal-pressure upper
limit value Pmax Limit also in the load state in which the load is smaller than the load in the
engine full load state.

[0066] As described above, the compression ratio controller 182 varies the compression ratio
of the combustion chamber 128 so that the maximum combustion pressure Pmax is
maintained to the cylinder-internal-pressure upper limit value Pmax Limit even when the
engine load becomes smaller. An engine load region R1 shown in FIG. 5B is a range in which
the maximum combustion pressure Pmax can be maintained to the cylinder-internal-pressure
upper limit value Pmax Limit through changing the compression ratio of the combustion
chamber 128 in the range from the lowest compression ratio €0 to the highest compression
ratio en.

[0067] In the engine load region R1, the compression ratio controller 182 can obtain a larger
compression ratio when the compression ratio of the combustion chamber 128 is variable (the
solid line of FIG. 5B) than the compression ratio when the compression ratio of the combustion
chamber 128 is fixed (the broken line of FIG. 5B). As described above, as the compression
ratio becomes larger, the maximum combustion pressure Pmax becomes larger.

[0068] Consequently, in the engine load region R1, the maximum combustion pressure Pmax
when the compression ratio of the combustion chamber 128 is set to a compression ratio
larger than the lowest compression ratio €0 (the solid line of FIG. 5B) can be made larger than
the maximum combustion pressure Pmax when the compression ratio is set to the lowest
compression ratio €0 (the broken line of FIG. 5B). As described above, the compression ratio
controller 182 increases the compression ratio of the combustion chamber 128 as much as
possible in the range in which the maximum combustion pressure Pmax does not exceed the
cylinder-internal-pressure upper limit value Pmax Limit in the engine load region R1, thereby
being able to improve the fuel efficiency.
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[0069] An engine load region R2 shown in FIG. 5B is a range in which the maximum
combustion pressure Pmax is less than the cylinder-internal-pressure upper limit value Pmax
Limit even when the compression ratio of the combustion chamber 128 is set to the highest
compression ratio en. In this graph, the engine load region R1 is an engine load region
including the engine full load. Moreover, the engine load region R2 is a load region in which the
load is smaller than the load in the engine load region R1.

[0070] In the engine load region R2, the maximum combustion pressure Pmax is less than the
cylinder-internal-pressure upper limit value Pmax Limit whether the compression ratio of the
combustion chamber 128 is fixed (broken line) or variable (solid line). However, when the
compression ratio of the combustion chamber 128 is variable (solid line) in the engine load
region R2, the compression ratio controller 182 can achieve the larger compression ratio en
than the compression ratio when the compression ratio of the combustion chamber 128 is fixed
(broken line).

[0071] Consequently, in the engine load region R2, the maximum combustion pressure Pmax
when the compression ratio of the combustion chamber 128 is variable (solid line) can be
made larger than the maximum combustion pressure Pmax when the compression ratio is
fixed (broken line). In such a manner, the compression ratio controller 182 increases the
compression ratio of the combustion chamber 128 as much as possible, to thereby improve
the fuel economy also in the engine load region R2.

[0072] With this configuration, the compression ratio controller 182 controls the compression
ratio so that the compression ratio is the highest compression ratio in the range in which the
maximum combustion pressure Pmax is less than the cylinder-internal-pressure upper limit
value Pmax Limit. Specifically, the compression ratio controller 182 controls the compression
ratio so as to be maintained to the highest compression ratio en in the case in which the
maximum combustion pressure Pmax is less than the cylinder-internal-pressure upper limit
value Pmax Limit when the compression ratio is the highest compression ratio en.

[0073] FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, and FIG. 6E are graphs for showing performance
of the engine 100 according to this embodiment. FIG. 6A is a graph for showing a relationship
between a fuel consumption rate (fuel efficiency) and the engine load in the engine load region
R1 shown in FIG. 5B. In FIG. 6A, a vertical axis represents the fuel consumption rate, and a
horizontal axis represents the engine load. In FIG. 6A, engine loads becomes smaller in the
order of Ea, Eb, Ec, Ed, and Ee. That is, a relationship among the engine loads Ea, Eb, Ec, Ed,
and Ee is represented as Ea>Eb>Ec>Ed>Ed. The engine load Ea indicates an engine full load
(100% load). The engine loads Ea, Eb, Ec, Ed, and Ee of FIG. 6B to FIG. 6E are also defined
as the engine loads of FIG. 6A. Moreover, in FIG. 6A, a broken line indicates the lowest fuel
consumption rate at which the fuel consumption rate is the lowest.

[0074] FIG. 6B is a graph for showing a relationship between the maximum combustion
pressure Pmax and the engine load in the engine load region R1 shown in FIG. 5B. In FIG. 6B,
a vertical axis represents the maximum combustion pressure Pmax, and a horizontal axis
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represents the engine load. Moreover, in FIG. 6B, a one-dot chain line indicates the cylinder-
internal-pressure upper limit value Pmax Limit. The cylinder-internal-pressure upper limit value
is a constant value independent of the engine load.

[0075] FIG. 6C is a graph for showing a relationship between the compression pressure
Pcomp and the engine load in the engine load region R1 shown in FIG. 5B. In FIG. 6C, a
vertical axis represents the compression pressure Pcomp, and a horizontal axis represents the
engine load. In this graph, the compression pressure Pcomp is the estimated peak value of the
compression pressure such as the point B of FIG. 4. Moreover, in FIG. 6C, a one-dot chain line
indicates a target value (hereinafter referred to as "target compression pressure”) of the
estimated peak value of the compression pressure. The maximum combustion pressure Pmax
can be caused to approach the cylinder-internal-pressure upper limit value Pmax Limit by
causing the peak value of the compression pressure Pcomp to approach the target
compression pressure. When the peak value of the compression pressure Pcomp is the target
compression pressure, the maximum combustion pressure Pmax is the cylinder-internal-
pressure upper limit value Pmax Limit.

[0076] As shown in FIG. 6C, the target compression pressure changes in accordance with the
engine load, and is thus not a constant value. Specifically, the target compression pressure is a
value that becomes smaller as the engine load becomes smaller, and becomes larger as the
engine load becomes larger. This is because a difference A between the peak value of the
compression pressure Pcomp indicated by the point B of FIG. 4 and the peak value (maximum
combustion pressure Pmax) of the combustion pressure P indicated by the point C of FIG. 4
becomes larger as the engine load becomes larger. Even when the difference A becomes
larger as the engine load becomes larger, the maximum combustion pressure Pmax can be a
constant value independent of the engine load through increasing the target compression
pressure as the engine load becomes larger.

[0077] FIG. 6D is a graph for showing a relationship between the scavenging pressure Ps and
the engine load in the engine load region R1 shown in FIG. 5B. In FIG. 6D, a vertical axis
represents the scavenging pressure Ps, and the horizontal axis represents the engine load. As
shown in FIG. 6D, the scavenging pressure Ps becomes larger as the engine load becomes
larger, and becomes smaller as the engine load becomes smaller.

[0078] FIG. 6E is a graph for showing a relationship between an effective compression ratio
gef and the engine load in the engine load region R1 shown in FIG. 5B. In FIG. 6E, a vertical
axis represents the effective compression ratio cef, and the horizontal axis represents the
engine load. As shown in FIG. 6E, the effective compression ratio eef becomes smaller as the
engine load becomes larger, and becomes larger as the engine load becomes smaller. The
effective compression ratio cef is an actual compression ratio of the combustion chamber 128,
and is indicated by a ratio between a volume in the cylinder 110 at a moment when the
scavenging ports 110a are closed and a volume of the combustion chamber 128 when the
piston 112 reaches the top dead center.
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[0079] As shown in FIG. 6B, when the engine load becomes smaller from the engine full load
state in the order of the engine loads of Ea, Eb, Ec, Ed, and Ed, the compression ratio
controller 182 changes the compression ratio of the combustion chamber 128 in the order of
compression ratios of €0, €1, €2, en-1, and en. The compression ratio is a value which becomes
larger in the order of €0, €1, €2, en-1, and en. That is, a relationship among the compression
ratios €0, €1, €2, en-1, and &n is represented as e0<g1<eg2<en-1<en.

[0080] Specifically, the compression ratio controller 182 sets the compression ratio of the
combustion chamber 128 to the compression ratio €0 at the engine load Ea (engine full load).
The maximum combustion pressure Pmax can be brought to the cylinder-internal-pressure
upper limit value Pmax Limit by setting the compression ratio to the compression ratio €0 at the
engine load Ea. Moreover, the compression ratio controller 182 sets the compression ratio of
the combustion chamber 128 to the compression ratio €1 at the engine load Eb. The maximum
combustion pressure Pmax can be brought to the cylinder-internal-pressure upper limit value
Pmax Limit by setting the compression ratio to the compression ratio €1 at the engine load Eb.

[0081] Moreover, the compression ratio controller 182 sets the compression ratio of the
combustion chamber 128 to the compression ratio €2 at the engine load Ec. The maximum
combustion pressure Pmax can be brought to the cylinder-internal-pressure upper limit value
Pmax Limit by setting the compression ratio to the compression ratio €2 at the engine load Ec.
Moreover, the compression ratio controller 182 sets the compression ratio of the combustion
chamber 128 to the compression ratio en-1 at the engine load Ed. The maximum combustion
pressure Pmax can be brought to the cylinder-internal-pressure upper limit value Pmax Limit
by setting the compression ratio to the compression ratio en-1 at the engine load Ed.
Moreover, the compression ratio controller 182 sets the compression ratio of the combustion
chamber 128 to the compression ratio en at the engine load Ee. The maximum combustion
pressure Pmax can be brought to the cylinder-internal-pressure upper limit value Pmax Limit
by setting the compression ratio to the compression ratio en at the engine load Ee.

[0082] In this embodiment, at least when the engine load is equal to or less than the
predetermined load (engine full load), the compression ratio controller 182 controls the
compression ratio of the combustion chamber 128 so that the maximum combustion pressure
Pmax approaches the cylinder-internal-pressure upper limit value Pmax Limit set in advance.
The compression ratio controller 182 increases the compression ratio as the engine load
becomes smaller from the engine full load state. As a result, even when the scavenging
pressure Ps becomes smaller as shown in FIG. 6D, the maximum combustion pressure Pmax
can be caused to approach the cylinder-internal-pressure upper limit value Pmax Limit as
shown in FIG. 6B. As a result, as shown in FIG. 6A, the fuel consumption rate can be
minimized (that is, the fuel efficiency can be improved) at each of the engine loads Ea to Ee.

[0083] FIG. 7 is a flowchart for illustrating control processing for the compression ratio by the
compression ratio controller 182.

[0084] First, the compression ratio controller 182 derives the current cylinder internal pressure
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based on the signal output from the pressure detection sensor 190 (Step S102). Then, the
compression ratio controller 182 determines whether or not the maximum combustion
pressure Pmax is smaller than the cylinder-internal-pressure upper limit value Pmax Limit
(Step S104). When the maximum combustion pressure Pmax is smaller than the cylinder-
internal-pressure upper limit value Pmax Limit (YES in Step S104), the compression ratio
controller 182 proceeds to Step S106. Meanwhile, when the maximum combustion pressure
Pmax is equal to or more than the cylinder-internal-pressure upper limit value Pmax Limit (NO
in Step S104), the compression ratio controller 182 proceeds to Step S110.

[0085] When the determination of YES is made in Step S104, the compression ratio controller
182 controls the compression ratio varying mechanism V so as to increase the compression
ratio of the combustion chamber 128 (Step S106). After the compression ratio controller 182
increases the compression ratio of the combustion chamber 128, the compression ratio
controller 182 determines whether or not the compression ratio of the combustion chamber
128 is the maximum compression ratio en (Step S108). When the compression ratio of the
combustion chamber 128 is the maximum compression ratio en (YES in Step S108), the
compression ratio controller 182 proceeds to Step S116. When the compression ratio of the
combustion chamber 128 is not the maximum compression ratio en (NO in Step S108), the
compression ratio controller 182 returns to Step S102, and again executes the processing in
Step S102 to Step S104.

[0086] When a determination of NO is made in Step S104, the compression ratio controller
182 determines whether or not the maximum combustion pressure Pmax is larger than the
cylinder-internal-pressure upper limit value Pmax Limit (Step S110). When the maximum
combustion pressure Pmax is larger than the cylinder-internal-pressure upper limit value Pmax
Limit (YES in Step S110), the compression ratio controller 182 proceeds to Step S112.
Meanwhile, when the maximum combustion pressure Pmax is equal to or less than the
cylinder-internal-pressure upper limit value Pmax Limit, that is, when the maximum combustion
pressure Pmax is the cylinder-internal-pressure upper limit value Pmax Limit (NO in Step
S110), the compression ratio controller 182 proceeds to Step S116.

[0087] When the determination of YES is made in Step S110, the compression ratio controller
182 controls the compression ratio varying mechanism V so as to decrease the compression
ratio of the combustion chamber 128 (Step S112). After the compression ratio controller 182
decreases the compression ratio of the combustion chamber 128, the compression ratio
controller 182 determines whether or not the compression ratio of the combustion chamber
128 is the minimum compression ratio €0 (Step S114). When the compression ratio of the
combustion chamber 128 is the minimum compression ratio €0 (YES in Step S114), the
compression ratio controller 182 proceeds to Step S116. When the compression ratio of the
combustion chamber 128 is not the minimum compression ratio €0 (NO in Step S114), the
compression ratio controller 182 returns to Step S102, and again executes the processing in
Step S102, Step S104, and Step S110.

[0088] When the determination of YES is made in Step S108 or Step S114, and the
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determination of NO is made in Step S110, the compression ratio controller 182 controls the
compression ratio varying mechanism V so that the compression ratio in the combustion
chamber 128 is maintained (Step S116), and finishes the control processing for the
compression ratio.

[0089] In the above-mentioned embodiment, description is given of the example in which the
compression ratio controller 182 changes the compression ratio in accordance with the
maximum combustion pressure Pmax measured by the pressure detection sensor 190.
However, the maximum combustion pressure Pmax is not required to be measured by the
pressure detection sensor 190. For example, the compression ratio controller 182 may
estimate the maximum combustion pressure Pmax based on the scavenging pressure Ps
measured by the scavenging pressure detection sensor 186 in place of the pressure detection
sensor 190.

[0090] Specifically, the compression ratio controller 182 may estimate the maximum
combustion pressure Pmax based on the scavenging pressure Ps, the compression ratio, and
a specific heat ratio. The compression ratio controller 182 may compare the estimated
maximum combustion pressure Pmax and the cylinder-internal-pressure upper limit value
Pmax Limit with each other, and may then control the compression ratio so that the maximum
combustion pressure Pmax approaches the cylinder-internal-pressure upper limit value Pmax
Limit.

[0091] Moreover, the compression ratio controller 182 may vary the compression ratio in
accordance with the compression pressure Pcomp. For example, the compression ratio
controller 182 estimates the peak value of the compression pressure Pcomp from the cylinder
internal pressure measured by the pressure detection sensor 190. In this case, the
compression ratio controller 182 includes a ROM storing, in advance, a map indicating a target
compression pressure corresponding to the engine load or the engine rotation speed. The
compression ratio controller 182 refers to the map stored in the ROM, thereby being capable
of varying the compression ratio to a compression ratio at which the estimated peak value of
the compression pressure is the target compression pressure. As described above, the
compression ratio controller 182 varies the compression ratio to the compression ratio at which
the peak value of the compression pressure Pcomp is the target compression pressure so that
the maximum combustion pressure Pmax can be caused to approach the cylinder-internal-
pressure upper limit value Pmax Limit at each engine load.

[0092] Moreover, the compression ratio controller 182 may estimate the maximum combustion
pressure Pmax from the estimated peak value of the compression pressure and the difference
A between the above-mentioned point B and point C of FIG. 4. In this case, the compression
ratio controller 182 includes a ROM storing, in advance, a map indicating a difference A
corresponding to the engine load or the engine rotation speed. The compression ratio
controller 182 refers to the map stored in the ROM, thereby being capable of estimating the
maximum combustion pressure Pmax from the estimated peak value of the compression
pressure and the difference A. The compression ratio controller 182 may compare the
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estimated maximum combustion pressure Pmax and the cylinder-internal-pressure upper limit
value Pmax Limit with each other, and may then control the compression ratio so that the
maximum combustion pressure Pmax approaches the cylinder-internal-pressure upper limit
value Pmax Limit.

[0093] As described above, the engine 100 includes the detectors (for example, the rotation
speed detection sensor 184 and the pressure detection sensor 190) configured to detect the
signals correlating with at least one of the engine load or the maximum combustion pressure in
the combustion chamber 128. The compression ratio controller 182 can control the
compression ratio so that the maximum combustion pressure Pmax approaches the cylinder-
internal-pressure upper limit value Pmax Limit set in advance based on the signals acquired
from the detectors.

[0094] Moreover, depending on the type of a driven member (for example, a propeller for a
ship) driven by the engine 100, the engine load may vary even when the engine rotation speed
is the same. For example, a fixed-pitch propeller and a variable-pitch propeller are given as the
driven member driven by the engine 100. While the fixed-pitch propeller has a fixed angle of
blades, the variable-pitch propeller can change the angle of the blades. Therefore, even when
the variable-pitch propeller has the same rotation speed as the rotation speed of the fixed-pitch
propeller, the variable-pitch propeller may apply a different engine load in accordance with the
angle of the blades.

[0095] When the engine 100 drives the fixed-pitch propeller to rotate, the compression ratio
controller 182 can control the compression ratio so that the maximum combustion pressure
Pmax approaches the cylinder-internal-pressure upper limit value Pmax Limit through use of
the above-mentioned method. However, when the engine 100 drives the variable-pitch
propeller to rotate, in some cases, the compression ratio controller 182 is not be able to control
the compression ratio so that the maximum combustion pressure Pmax approaches the
cylinder-internal-pressure upper limit value Pmax Limit through use of the above-mentioned
method.

[0096] Therefore, in a case in which the compression ratio controller 182 drives the variable-
pitch propeller to rotate, when the compression ratio controller 182 cannot use the above-
mentioned method to control the compression ratio, the compression ratio controller 182 may
derive, for example, the maximum combustion pressure Pmax based on the angle of the
blades of the variable-pitch propeller and the engine rotation speed. Then, the compression
ratio controller 182 may compare the derived maximum combustion pressure Pmax and the
cylinder-internal-pressure upper limit value Pmax Limit with each other, and may then control
the compression ratio so that the maximum combustion pressure Pmax approaches the
cylinder-internal-pressure upper limit value Pmax Limit.

[0097] Specifically, the compression ratio controller 182 can acquire information on the angle
of the blades of the variable-pitch propeller VP from an angle detection sensor 192 (detector,
see FIG. 2B and FIG. 3B) configured to be able to detect the angle of the blades of the
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variable-pitch propeller VP. In this case, the compression ratio controller 182 includes a ROM
storing, in advance, a map indicating the maximum combustion pressure Pmax corresponding
to the angle of the blades of the variable-pitch propeller VP and the engine rotation speed. The
compression ratio controller 182 refers to the map stored in the ROM, thereby being capable
of deriving the maximum combustion pressure Pmax from the current angle of the blades of
the variable-pitch propeller VP and the engine rotation speed.

[0098] The map stored in the ROM may be a map indicating a compression ratio
corresponding to the angle of the blades of the variable-pitch propeller VP and the engine
rotation speed. In this case, the compression ratio controller 182 refers to the map stored in
the ROM, thereby being capable of deriving the compression ratio from the current angle of
the blades of the variable-pitch propeller VP and the engine rotation speed. Moreover, the
compression ratio controller 182 can derive the engine load based on the angle of the blades
of the variable-pitch propeller VP, the engine rotation speed, and the fuel injection amount.
Consequently, the map stored in the ROM may be the above-mentioned map (for example, the
map indicating the compression ratio corresponding to the engine load).

[0099] The embodiment has been described above with reference to the attached drawings,
but, needless to say, the present disclosure is not limited to the above-mentioned embodiment.
It is apparent that those skilled in the art may arrive at various alternations and modifications
within the scope of claims, and those examples are construed as naturally falling within the
technical scope of the present disclosure.

[0100] For example, in the above-mentioned embodiment, description is given of the two-cycle
type, uniflow scavenging type, and crosshead type engine 100 as examples. However, the type
of the engine is not limited to the two-cycle type, the uniflow scavenging type, and the
crosshead type. It is only required that the present disclosure be applied to an engine.
Moreover, in the above-mentioned embodiment, description is given of the example in which
the gas fuel (fuel gas) is supplied to the inside of the cylinder 110 (combustion chamber 128).
However, the configuration is not limited to this example, and a liquid fuel may be supplied to
the inside of the cylinder 110 (combustion chamber 128). Moreover, the engine 100 may be,
for example, of a dual fuel type, which chooses a gas fuel or a liquid fuel to be used. Moreover,
the engine 100 is not limited to an engine for a boat, and may be an engine for, for example,
an automobile.

Industrial Applicability

[0101] The present disclosure can be applied to the compression ratio control device and the
engine.

Reference Signs List



DK/EP 3779151 T3

[0102] 100: engine, 110: cylinder, 112: piston, 128: combustion chamber, 180, 180a:
compression ratio control device, 182: compression ratio controller (controller), 184: rotation
speed detection sensor (detector), 186: scavenging pressure detection sensor (detector), 188:
injection amount detection sensor (detector), 190: pressure detection sensor(detector), 192:
angle detection sensor (detector), V: compression ratio varying mechanism, Va: compression
ratio varying mechanism, VVP: variable-pitch propeller
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Patentkrav

1. Indretning til styring af kompressionsforhold (180, 180a), omfattende:

en detektor (184, 186, 188, 190, 192) konfigureret til at detektere et signal, som
korrelerer med det maksimale forbraendingstryk (Pmax) i et forbraendingskammer
(128) i en cylinder (110); og

en controller (182) konfigureret til at styre et kompressionsforhold af
forbraendingskammeret (128),

hvor controlleren (182) styrer kompressionsforholdet til at vaere taettere pd et
laveste kompressionsforhold (€0) ved en fuld motorbelastning, kendetegnet ved,
at

controlleren (182) andrer kompressionsforholdet, i et fgrste
motorbelastningsomrade (R1), som inkluderer den fulde motorbelastning, i et
omrade mellem det laveste kompressionsforhold (€0) og et hgjeste
kompressionsforhold (en), saledes at det maksimale forbraendingstryk (Pmax)
fastholdes ved en gvre graensevaerdi af det indre cylindertryk (Pmax Limit)
defineret baseret pa cylinderens (110) holdbarhed, og

controlleren (182) fastholder kompressionsforholdet til at vaere taettere pa det
hgjeste kompressionsforhold (en), i et andet motorbelastningsomrade (R2), hvor
motorbelastningen er mindre end belastningen i det fagrste
motorbelastningsomrade (R1), og det maksimale forbreendingstryk (Pmax) er

mindre end den gvre graensevaerdi af det indre cylindertryk (Pmax Limit).

2. Indretningen til styring af kompressionsforhold (180, 180a) ifslge krav 1,
yderligere omfattende en kompressionsforholdsvarierende mekanisme (V, Va)
konfigureret til at eendre en gvre dgdpunktsposition af et stempel (112) i
cylinderen (110).

3. Indretningen til styring af kompressionsforhold (180, 180a) ifglge krav 1 eller
2, hvor detektoren (184, 186, 188, 190, 192) inkluderer mindst en sensor valgt
fra gruppen bestdende af: en rotationshastighedsdetektionssensor (184)
konfigureret til at detektere en motorrotationshastighed; en
indsprgjtningsmaengdedetektionssensor (188) konfigureret til at detektere en
indsprgjtningsmaengde af et braendstof leveret til forbraendingskammeret (128);
en trykdetektionssensor (190) konfigureret til at detektere et tryk i

forbraendingskammeret (128); eller en spuletrykdetektionssensor (186)
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2

konfigureret til at detektere et spuletryk, hvilket er et tryk af en aktiv gas leveret

til forbraendingskammeret (128).

4. Indretningen til styring af kompressionsforhold (180, 180a) ifglge krav 3, hvor
controlleren (182) er konfigureret til at sammenligne det maksimale
forbraendingstryk (Pmax) detekteret med trykdetektionssensoren (190) og den

gvre graenseveerdi af det indre cylindertryk (Pmax Limit) med hinanden.

5. Indretningen til styring af kompressionsforhold (180, 180a) ifglge krav 3, hvor
controlleren (182) er konfigureret til at estimere det maksimale forbraendings-tryk
(Pmax) baseret pa spuletrykket detekteret med spuletrykdetektionssensoren
(186), kompressionsforholdet og et specifikt varmeforhold, og at sammenligne det
estimerede maksimale forbraendingstryk (Pmax) og den @gvre graensevaerdi af det

indre cylindertryk (Pmax Limit) med hinanden.

6. Indretningen til styring af kompressionsforhold (180, 180a) ifglge krav 3,

hvor detektoren (184, 186, 188, 190, 192) omfatter en vinkeldetektionssensor
(192) konfigureret til at detektere en vinkel af en vinge af en propel med variabel
stigning (VP), og

hvor controlleren (182) er konfigureret til at udlede det maksimale
forbraendingstryk (Pmax) baseret pa vinklen af vingen og motorrotations-
hastigheden, og at sammenligne det udledte maksimale forbraendingstryk (Pmax)

og den gvre graenseveerdi af det indre cylindertryk (Pmax Limit) med hinanden.

7. Motor (100) omfattende indretningen til styring af kompressionsforhold (180,
180a) ifplge et hvilket som helst af kravene 1 til 6.
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