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(57) [Problem]A method for controlling a ship, a ship
control program, a ship control system, and a ship that
can improve reliability of a management state of an
operation mode are provided.

[Solution]The method for controlling a ship is em-
ployed in a ship that has a plurality of power sources
including a first power source (engine 31) and a second
power source (motor 32) and transmits power supplied
from at least one of the plurality of power sources to the
propulsive force generator 4 through the power transmit-

ter 33 for propulsion of a hull. The control method in-
cludes determining at least two of the first power source,
the second power source, and the propulsive force gen-
erator 4 as comparison targets and comparing the rota-
tional speed between the comparison targets, and de-
termining an abnormality of at least one of an actuator 34
that drives a power transmitter 33 and the power trans-
mitter 33basedon thecomparison result on the rotational
speed.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a method for
controlling a ship including a plurality of power sources, a
ship control program, a ship control system, and a ship.

BACKGROUND ART

[0002] According to a related art, as a method for
controlling a ship including a plurality of power sources,
such as an engine and a motor, a method for performing
switching among a plurality of operationmodes including
a mode for propulsion by an engine, a mode for propul-
sion byamotor, amode for propulsion byan engineanda
motor, and an electric power generation mode from one
toanother hasbeenused (refer toPatentDocument 1, for
example).
[0003] Ships according to the related art include, in
addition to a plurality of power sources, a power trans-
mitter, an outputter, and an actuator. The power trans-
mitter transmits power from at least one of the plurality of
power sources to the outputter including a propeller to
generateapropulsive forceof ahull. Theactuator serving
as a shifter switches a connection state of the power
transmitter by driving a clutch included in the power
transmitter, such as a meshing type clutch including a
dog clutch, for example, so as to perform switching
among the plurality of operation modes.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2023‑037810

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] As with the related art described above, in the
configuration in which the power transmitter is driven by
the actuator, an operation mode in the plurality of propul-
sion modes is specified based on an operation state of
the actuator. Therefore, for example, when an abnorm-
ality occurs in the actuator due to a failure of the actuator
or the like, a management state of the operation mode
may deviate from an actual operation mode.
[0006] An object of the present disclosure is to provide
a method for controlling a ship, a ship control program, a
ship control system, and a ship which can improve relia-
bility of a management state of an operation mode.

SOLUTION TO PROBLEM

[0007] A method for controlling a ship according to an

aspect of thepresent disclosure isemployed in aship that
has a plurality of power sources including a first power
sourceandasecondpower sourceand that propels ahull
by transmitting power from at least one of the plurality of
power sources through a power transmitter to a propul-
sive forcegenerator. Themethod includes determining at
least two of the first power source, the second power
source, and the propulsive force generator as compar-
ison targets and comparing rotation speeds of the com-
parison targets with each other, and determining an
abnormality of at least one of an actuator that drives
the power transmitter and the power transmitter based
on a result of the comparison between the rotation
speeds.
[0008] A ship control program according to another
aspect of the present disclosure causes at least one
processor to execute the method for controlling a ship.
[0009] Themethod for controlling a ship is employed in
aship thathasaplurality of powersources includingafirst
power source and a second power source and that
propels a hull by transmitting power from at least one
of the plurality of power sources through a power trans-
mitter to a propulsive force generator. The ship control
system includes a comparison processor and an ab-
normality determination processor. The comparison pro-
cessor determines at least two of the first power source,
the second power source, and the propulsive force gen-
erator as comparison targets, and compares rotation
speeds of the comparison targets with each other. The
abnormality determination processor determines an ab-
normality of at least one of the actuator that drives the
power transmitter and the power transmitter based on a
result of the comparison between the rotation speeds.
[0010] A ship according to still another aspect of the
present disclosure includes the ship control system and
the hull.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the present disclosure, a method
for controlling a ship, a ship control program, a ship
control system, and a ship that can improve reliability
of a management state of an operation mode are pro-
vided.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

FIG. 1 is an appearance view schematically illustrat-
ing a configuration of a ship according to a first
embodiment.
FIG. 2 is a block diagram schematically illustrating
the configuration of the ship according to the first
embodiment.
FIG.3 isadiagramschematically illustratingadriving
unit of the ship according to the first embodiment.
FIG. 4 is a diagram schematically illustrating a state
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of the driving unit in amotor propulsionmode and an
engine propulsion mode of the ship according to the
first embodiment.
FIG. 5 is a diagram schematically illustrating a state
of the driving unit in an electric power generation
mode of the ship according to the first embodiment.
FIG. 6 is a diagram schematically illustrating a state
of the driving unit in a hybrid propulsion mode of the
ship according to the first embodiment.
FIG. 7 is a timing chart illustrating a concrete exam-
ple of anabnormality determination processof a ship
control system according to the first embodiment.
FIG. 8 is a timing chart illustrating a concrete exam-
ple of an abnormality determination process of the
ship control system according to the first embodi-
ment.
FIG. 9 is a timing chart illustrating a concrete exam-
ple of an abnormality determination process of the
ship control system according to the first embodi-
ment.
FIG. 10 is a timing chart illustrating a concrete ex-
ample of an abnormality determination process of
the ship control system according to the first embo-
diment.
FIG. 11 is a timing chart illustrating a concrete ex-
ample of an abnormality determination process of
the ship control system according to the first embo-
diment.
FIG. 12 is a timing chart illustrating a concrete ex-
ample of an abnormality determination process of
the ship control system according to the first embo-
diment.
FIG. 13 is a flowchart illustrating an operation ex-
ampleof the ship control systemaccording to the first
embodiment.

DESCRIPTION OF EMBODIMENTS

[0013] Hereinafter, embodiments of the present dis-
closure will be described with reference to the accom-
panying drawings. The following embodiments are each
one example that embodies the present disclosure, and
arenot intended to limit the technical scopeof the present
disclosure.

First Embodiment

1. Entire Configuration

[0014] First, anentire configurationof a ship10accord-
ing to this embodimentwill be describedwith reference to
FIGS. 1 and 2.
[0015] The ship 10 is a moving body that sails (navi-
gates) on water, such as ocean, lake, or river. As an
example in this embodiment, the ship 10 is a "pleasure
boat" that is a small-sized ship mainly used for sport,
recreation, or the like. Furthermore, according to this
embodiment, the ship 10 is operated in accordance with

anoperation (includinga remoteoperation) performedby
aperson (anoperator), and inparticular, the ship10 isof a
manned type that can be boarded by the person as the
operator.
[0016] The ship 10 includes a hull 1, a power source
device 7, and a ship control system2as illustrated in FIG.
1. The hull 1 includes a driving unit 3 that generates
power, a propulsive force generator 4 that outputs a
propulsive force for propelling thehull 1, andanoperation
device5 that acceptsanoperationperformedbyaperson
(operator). In addition, the hull 1 further includes various
onboard facilities including a rudder mechanism, a com-
munication device, and a lighting facility.
[0017] The driving unit 3 includes, as illustrated in FIG.
2, an engine 31 serving as a first power source, a motor
32 serving as a second power source, and a power
transmitter 33.Thepropulsive forcegenerator4 including
a propeller in this embodiment receives dynamic power
generated by the driving unit 3 and rotates the propeller
around a rotation shaft (propeller shaft), to thereby gen-
erate the propulsive force to move the hull 1 forward or
rearward.
[0018] The plurality of power sources including the first
power source (engine 31) and the second power source
(motor 32) individually generate power (mechanical en-
ergy) to be used for propelling the hull 1. The plurality of
power sources have different output characteristics from
each other, and have at least different maximum outputs
(maximum rotation speeds and maximum torques). In
this embodiment, the plurality of power sources are com-
pletely different types of power source employing differ-
ent methods. In short, the ship 10 according to this
embodiment includes the hybrid driving unit 3 having
the plurality of types of power source.
[0019] In this embodiment, the first power source is the
engine (internal combustion engine) 31 that generates
power by burning of fuel and the second power source is
the motor (electric motor) 32 that generates power by
supplied electric power (electric energy). More specifi-
cally, the engine 31 is a diesel engine that is driven with
light oil as fuel, and themotor 32 is an ACmotor driven by
AC power.
[0020] The engine 31 and themotor 32 are individually
driven and individually generate power. Therefore, the
plurality of power sources can be switched among, for
example, a state in which only the engine 31 between the
engine 31and themotor 32 is driven, a state inwhich only
the motor 32 is driven, and a state in which both the
engine 31 and the motor 32 are driven. Here, the power
generated by the engine 31 and the power generated by
the motor 32 are combined by the power transmitter 33,
and the combined power is supplied to the propulsive
force generator 4. Therefore, since the power of the
engine 31 is combined with the power of the motor 32,
the motor 32 can assist the engine 31 so that the pro-
pulsive force generator 4 is driven by a larger power.
[0021] The power transmitter 33 is disposed between
the plurality of power sources (engine 31 and motor 32)
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and the propulsive force generator 4. The power trans-
mitter 33 has a function of receiving power generated by
the plurality of power sources as inputs and transmitting
the power to the propulsive force generator 4. Here, the
power transmitter 33 combines power supplied from the
plurality of power sources (engine 31 and motor 32) and
outputs the combined power to the propulsive force
generator 4.
[0022] Furthermore, the power transmitter 33 has a
function of determining whether power is to be trans-
mitted from the plurality of power sources (engine 31 and
motor 32) to the propulsive force generator 4, that is, a
functionof performingswitchingbetweena "transmission
state" and a "block state" from one to another. The term
"transmission state" in the present disclosure indicates a
state in which the plurality of power sources (engine 31
and motor 32) and the propulsive force generator 4 are
mechanically connected to each other and power is
transmitted from the power sources to the propulsive
force generator 4. When the power sources (engine 31
and motor 32) are driven in the transmission state of the
power transmitter 33, the propulsive force generator 4 is
drivenby thepowergeneratedby thepower sources.The
term "block state" in the present disclosure indicates a
state in which the power sources (engine 31 and motor
32) and the propulsive force generator 4 are mechani-
cally disconnected from one another so that power is not
transmitted from the power sources to the propulsive
force generator 4. Since power generated by the power
sources is not transmitted to the propulsive force gen-
erator 4 even when the power sources (engine 31 and
motor 32) are driven in the block state of the power
transmitter 33, the propulsive force generator 4 is not
driven.
[0023] The power transmitter 33 further has a function
of switching a coupling state between the plurality of
power sources (engine 31 and motor 32). Specifically,
the power transmitter 33 has a function of performing
switching between a coupling state" in which the first
power source (engine 31) and the second power source
(motor 32) aremechanically coupledwith each other and
an "independent state" in which the first power source
(engine 31) and the second power source (motor 32) are
disconnected from each other. The term "connection
state" in the present disclosure indicates a state in which
the first and second power sources are mechanically
connected to each other so that power is transmitted
between the first and second power sources. When
the first power source (engine 31) is driven in the coupled
stateof thepower transmitter 33, for example, thesecond
power source (motor 32) is driven by power generated by
the first power source (engine 31) and the second power
source may be used as an electric power generator to
generate electric power. The term "independent state" in
the present disclosure indicates a state in which the first
and second power sources are mechanically discon-
nected from each other so that power is not transmitted
between the first and second power sources. In the

independent state of the power transmitter 33, even
when the first power source (engine 31) is driven, the
second power source (motor 32) does not generate
electric power.
[0024] The driving unit 3 will be described in detail in a
section of "2. Configuration of Driving Unit".
[0025] The ship control system 2 mainly includes a
computer system having one or more processors, such
as a central processing unit (CPU), and one or more
memories, such as a read only memory (ROM) and a
random access memory (RAM), and performs various
types of processing (information processing). A program
(ship control program) for causing at least one processor
to execute a control method of the ship 10 is recorded in
the one or more memories in the ship control system 2.
The ship control system 2 is the computer system
mounted on the hull 1 as an example of this embodiment.
[0026] The ship control system 2 at least controls the
driving unit 3. That is, the ship control system 2 controls,
for example, driving states of the engine31and themotor
32 and a state of the power transmitter 33 (transmission
state/block state, coupling state/independent state, and
the like).
[0027] In this embodiment, the ship control system 2 is
electrically connected to the operation device 5, and
controls the driving unit 3 and the like in accordance with
an operation signal supplied from the operation device 5.
For example, the ship control system 2 controls the
driving unit 3 in accordance with an operation signal
supplied from the operation device 5 so as to rotate
the propeller of the propulsive force generator 4 to there-
by move the hull 1 forward and rearward. Furthermore,
the ship control system 2 can adjust a rotation speed of
the propeller of the propulsive force generator 4 by con-
trolling an output (rotation speed or torque) of the engine
31 or the motor 32 so as to adjust a movement speed
(ship speed) of the hull 1.
[0028] Moreover, the ship control system 2 can switch
a plurality of operation modes from one to another. In the
present disclosure, the term "operation mode" repre-
sents various modes of different connection states
(transmission state/block state, coupling state/indepen-
dent state, and the like) of the power transmitter 33, and
includes, for example, modes of different power sources
to be used for propelling the hull 1 among the plurality of
power sources (engine 31 and motor 32). Specifically, in
the ship control system 2, a plurality of operation modes
can be switched from one to another by performing
switching among the connection states of the power
transmitter 33.
[0029] In this embodiment, the plurality of operation
modes include a motor propulsion mode, an engine
propulsion mode, an electric power generation mode,
and a hybrid propulsion mode. In the motor propulsion
mode, only the motor 32, between the engine 31 and the
motor 32, is used for propelling the hull 1. In the engine
propulsionmode, only theengine31, between theengine
31and themotor 32, is used for propelling thehull 1. In the
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electric power generationmode, themotor 32 is driven by
power generated by the engine 31 and the motor 32
generates electric power as an electric power generator.
In the hybrid propulsion mode, both the engine 31 (first
power source) and the motor 32 (second power source)
are used for propelling the hull 1.
[0030] In this embodiment, the ship control system 2 is
an integrated controller that controls the entire hull 1, and
includes an electronic control unit (ECU), for example.
However, the ship control system 2 may be disposed
separately from the integrated controller. A detailed de-
scription will be made on the ship control system 2 in a
section "3. Configuration of Ship Control System".
[0031] The operation device 5 is a user interface that
accepts an operation performed by a person (operator)
and is installed in an operation room where the operator
boards in the hull 1. The operation device 5 accepts
various operations performed by the operator and out-
puts electric signals (operation signals) corresponding to
the operations to the ship control system 2. As one
example in this embodiment, the operation device 5
includes an operation section 51 including an operation
lever which is operated in a swingable manner (refer to
FIG. 2). The operation device 5 including a detector, such
as an encoder that detects a position (rotation angle) of
the operation section 51, detects an operation amount of
the operation section 51 in accordance with a position of
the operation section 51 and outputs an operation signal
indicating theoperation amount. Furthermore, the opera-
tion device 5may further include aplurality ofmechanical
switches, a touch panel, and an operation dial.
[0032] The display device is a user interface that out-
puts various types of information for a person (operator)
and is installed in the operation room where the operator
boards in the hull 1, for example. The display device is
electrically connected to the ship control system 2, for
example, and displays various screens in accordance
with adisplay control signal supplied from the ship control
system 2.
[0033] The power source device 7 supplies electric
power to onboard loads including the motor 32 and a
starter for starting the engine 31, and various onboard
devices. The term "electric power" referred to in the
present disclosure includes both AC power and DC
power. As illustrated in FIG. 2, the power source device
7 includesamainpower source71andanauxiliary power
source 72. The main power source 71 supplies electric
power for driving to at least the motor 32 as a power
source. On the other hand, the auxiliary power source 72
supplies electric power to at least the starter and so on.
[0034] The main power source 71 is a secondary bat-
tery (storagebattery) of a large capacity, suchasa lithium
ion battery. The auxiliary power source 72 is a secondary
battery (storage battery), such as a lead battery. As
described above, the power source device 7 includes
the two types of chargeable power source (battery), and
the main power source 71 as a main battery has a larger
capacity and a larger output than the auxiliary power

source 72 as an auxiliary battery.
[0035] In the operation room, a communication device
and the like are also installed. The communication device
is communicable with another system (including a ser-
ver) outside the hull 1 and can exchange data with the
other system.

2. Configuration of Driving Unit

[0036] Next, a detailed description will be made on a
configuration of the driving unit 3 with reference to FIGS.
3 to 6.
[0037] The driving unit 3 includes, as described above,
the plurality of power sources (engine 31 and motor 32)
and the power transmitter 33. Furthermore, the driving
unit 3 further includes an actuator 34 and a driving circuit
351 as illustrated in FIG. 3. In FIG. 3 and so on, the
electrical connection relationship between the driving
circuit 351 and the main power source 71 is indicated
by a dotted line.
[0038] In this embodiment, the engine 31 which is a
diesel engine has a combustion room segmented by
cylinders or the like, and a piston is reciprocated when
fuel (light oil) burns in the combustion room. The engine
31 has a crankshaft which rotates in accordance with the
reciprocation of the piston as an output shaft, and the
crankshaft is connected to the power transmitter 33.
Thus, power is input from the engine 31 to the power
transmitter 33 through the crankshaft.
[0039] In this embodiment, themotor 32which is anAC
motor is driven by AC power (AC voltage) supplied from
the driving circuit 351 constituted by an inverter circuit.
The driving circuit 351 is electrically connected to the
main power source 71, and converts aDC voltage output
from the main power source 71 to an AC voltage to be
supplied to the motor 32 to thereby drive the motor 32.
Theoutput shaft of themotor32 is connected to thepower
transmitter 33, and power is supplied to the power trans-
mitter 33 from the motor 32 through the output shaft.
[0040] Furthermore, in this embodiment, the driving
circuit 351 is a bidirectional inverter circuit, and has a
function of converting an AC voltage into a DC voltage in
addition to a function of converting a DC voltage into an
AC voltage. Therefore, the driving circuit 351 is capable
of not only converting a DC voltage output from the main
power source 71 into an AC voltage and outputting the
AC voltage to the motor 32 but also converting an AC
voltage output from the motor 32 into a DC voltage and
outputting the DC voltage to the main power source 71.
That is, in the driving unit 3 according to this embodiment,
since themotor 32 is usedasanelectric power generator,
the main power source 71 can be charged by the driving
circuit 351byusingelectric energy (ACpower) generated
when the motor 32 is rotated by an external force. Thus,
the driving circuit 351 also functions as a charging circuit
that charges the main power source 71 with a regenera-
tive current of the motor 32.
[0041] In this embodiment, the power transmitter 33
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includes, as illustrated in FIG. 3, a first clutch 331, a
second clutch 332, a first gear 333, a second gear
334, a third gear 335, and a fourth gear 336. Although
the configuration of the power transmitter 33 is simplified
in FIG. 3 and so on, the first gear 333, the second gear
334, the third gear 335, and the fourth gear 336 are
included in a deceleration device as a marine gear.
[0042] The first clutch 331 is inserted between the
output shaft (crankshaft) of the engine 31 and the pro-
pulsive force generator 4. That is, the first clutch 331 is
located in course of a power transmission path extending
from the engine 31 to the propulsive force generator 4.
The first clutch 331 includes an input-side rotator 331A
and an output-side rotator 331B, and is configured to be
switchable betweena state inwhich the input-side rotator
331A and the output-side rotator 331B are connected to
each other (transmission state) and a state in which the
input-side rotator 331A and the output-side rotator 331B
are disconnected from each other (block state).
[0043] The input-side rotator 331A is connected to the
output shaft (crankshaft) of the engine31, and theoutput-
side rotator 331B is connected to the propulsive force
generator 4. Thus, the input-side rotator 331A is rotated
by the power generated by the engine 31. When the first
clutch 331 is in the transmission state, the power of the
engine 31 is transmitted to the propulsive force generator
4via thefirst clutch331,whereaswhen thefirst clutch331
is in the block state, the power of the engine 31 is blocked
by the first clutch 331 and is not transmitted to the
propulsive force generator 4.
[0044] The first clutch 331 is constituted by a hydraulic
clutch, such as a wetmultiple disk clutch, as an example,
and performs switching between the transmission state
and the block state when hydraulic oil is supplied from a
hydraulic circuit including a hydraulic pump. The switch-
ing between the transmission state and the block state of
the first clutch 331 is performed when the ship control
system2controls a solenoid valve of the hydraulic circuit.
Specifically, the ship control system2directly or indirectly
controls the first clutch 331 so that the first clutch 331 is
switched between the transmission state and the block
state.
[0045] The first gear 333 is connected to the input-side
rotator 331A of the first clutch 331 and rotates in accor-
dance with rotation of the input-side rotator 331A. The
second gear 334 is disposed to be meshed with the first
gear 333 and is rotated together with the first gear 333 .
The third gear 335 is connected to the output-side rotator
331Bof the first clutch331and rotates inaccordancewith
rotation of the output-side rotator 331B. The fourth gear
336 is disposed to bemeshedwith the third gear 335 and
is rotated together with the third gear 335.
[0046] The second clutch 332 is inserted between the
output shaft of the motor 32 and the second and fourth
gears 334 and 336. That is, the second clutch 332 is
located in course of a power transmission path extending
from themotor 32 to thepropulsive forcegenerator 4. The
second clutch 332 includes a motor-side rotator 332C

and counterpart-side rotators 332A and 332B, and is
switchable between a state in which the motor-side ro-
tator 332C and the counterpart-side rotators 332A and
332B are connected to each other (transmission state)
and a state in which the motor-side rotator 332C and the
counterpart-side rotators 332A and 332B are discon-
nected from each other (block state).
[0047] In this embodiment, as the counterpart-side
rotators 332A and 332B, a first counterpart-side rotator
332A and a second counterpart-side rotator 332B are
disposed. The second clutch 332 can perform switching
among a first transmission state in which the motor-side
rotator 332C is connected to the first counterpart-side
rotator 332A, a second transmission state in which the
motor-side rotator 332C is connected to the second
counterpart-side rotator 332B, and a block state in which
the motor-side rotator 332C is disconnected from both
the first and second counterpart-side rotators 332A and
332B.
[0048] Themotor-side rotator 332C is connected to the
output shaft of the motor 32. The first counterpart-side
rotator 332A is connected to the second gear 334, and
the second counterpart-side rotator 332B is connected to
the fourth gear 336. Thus, the motor-side rotator 332C is
rotatedwhen receivingpower generated by themotor 32.
Then, when the second clutch 332 is in the first transmis-
sion state, the power of the motor 32 is transmitted to the
input-side rotator 331A of the first clutch 331 through the
second clutch 332, the second gear 334 and the first gear
333 on a high-speed side. Here, when the first clutch 331
is in the transmission state, the power of the motor 32 is
combined with the power of the engine 31 and the com-
bined power is transmitted to the propulsive force gen-
erator 4 via the first clutch 331. Furthermore, when the
secondclutch332 is in thesecond transmissionstate, the
power of the motor 32 is transmitted to the propulsive
force generator 4 through the second clutch 332, the
fourth gear 336 and the third gear 335 on a low-speed
side. On the other hand, when the second clutch 332 is in
the block state, the power of the motor 32 is blocked by
the second clutch 332 and is not transmitted to the
propulsive force generator 4.
[0049] Thesecond clutch332 is ameshclutch, suchas
a dog clutch, as an example. The switching of the second
clutch 332 among the first transmission state, the second
transmission state, and the block state is performed by
shifting the motor-side rotator 332C by the actuator 34
constituted by a shifter. The actuator 34 shifts the motor-
side rotator 332C to a position where the motor-side
rotator 332C is meshed with the first counterpart-side
rotator 332A, so as to bring the second clutch 332 to the
first transmission state in which the motor-side rotator
332C is meshed with the first counterpart-side rotator
332A. Furthermore, the actuator 34 shifts the motor-side
rotator 332C to a position where the motor-side rotator
332C ismeshedwith the second counterpart-side rotator
332B, so as to bring the second clutch 332 to the second
transmissionstate inwhich themotor-side rotator 332C is
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meshed with the second counterpart-side rotator 332B.
The actuator 34 shifts the motor-side rotator 332C to a
positionwhere themotor-side rotator 332C isnotmeshed
with the first counterpart-side rotator 332A or the second
counterpart-side rotator 332B, so as to bring the second
clutch 332 to the block state.
[0050] It is assumed, in the present disclosure, that a
position of the shifter (actuator 34) when the motor-side
rotator 332C is meshed with the first counterpart-side
rotator 332A so that the second clutch 332 is brought to
the first transmission state is defined as a "high position".
Similarly, it is assumed that a position of the shifter
(actuator 34) when the motor-side rotator 332C is
meshed with the second counterpart-side rotator 332B
so that the second clutch 332 is brought the second
transmission state is defined as a "low position". Further-
more, it is assumed that a position of the shifter (actuator
34) when themotor-side rotator 332C is not meshed with
the first counterpart-side rotator 332A or the second
counterpart-side rotator 332B so that the second clutch
332 is brought to the block state is defined as a "neutral
position".
[0051] The switching between the first transmission
state, the second transmission state, and the block state
of the second clutch 332 is performed when the ship
control system 2 controls the motorized actuator 34,
for example. Specifically, the ship control system 2 di-
rectly or indirectly controls the second clutch 332 so that
the second clutch 332 is switched between the transmis-
sion state (first transmission state or second transmis-
sion state) and the block state.
[0052] According to the driving unit 3 configured as
described above, the ship control system 2 controls the
first and second clutches 331 and 332 so as to perform
switching among the plurality of operation modes as
illustrated in FIGS. 4 to 6. In FIGS. 4 to 6, states of the
driving unit 3 in the individual operation modes are sche-
matically illustrated, and the driving circuit 351 and the
like are not illustrated. Furthermore, power transmitted
from the engine 31 and the motor 32 to the propulsive
force generator 4 is represented by (bold) dotted lines, in
FIGS. 4 to 6.
[0053] An upper half in FIG. 4 indicates the motor
propulsion mode to be used when only the motor 32
between the engine 31 and the motor 32 is used for
propelling the hull 1. In the motor propulsion mode, the
ship control system 2 performs control such that the first
clutch 331 is brought to the block state and the second
clutch 332 is brought to the second transmission state.
Furthermore, in the motor propulsion mode, the ship
control system 2 controls the driving circuit 351 to stop
the engine 31 and drive the motor 32 with electric power
supplied from themain power source 71. Accordingly, as
illustrated in FIG. 4, power generated by the motor 32 is
transmitted to the propulsive force generator 4 through
the second clutch 332, the fourth gear 336, and the third
gear 335 to rotate the propeller of the propulsive force
generator 4 so that propulsive force for the hull 1 can be

generated.
[0054] A lower half in FIG. 4 indicates an engine pro-
pulsion mode to be used when only the engine 31 be-
tween the engine 31 and the motor 32 is used for propel-
ling the hull 1. In the engine propulsion mode, the ship
control system2performscontrol such that the first clutch
331 is brought to the transmission state and the second
clutch 332 is brought to the block state. Furthermore, in
the engine propulsion mode, the ship control system 2
controls the driving circuit 351 to drive the engine 31 and
stop the motor 32. By this, as illustrated in FIG. 4, power
generated by the engine 31 is transmitted to the propul-
sive forcegenerator 4 through the first clutch331 to rotate
the propeller of the propulsive force generator 4 so that
propulsive force for the hull 1 can be generated.
[0055] An upper half in FIG. 5 indicates an "electric
power generation mode (sailing)" which is a sailing state
of the hull 1 in electric power generation modes in which
electric power is generated by the motor 32 using power
generated by the engine 31. In the electric power gen-
erationmode (sailing), the shipcontrol system2performs
control such that the first clutch 331 is brought to the
transmission state and the second clutch 332 is brought
to the first transmission state. Furthermore, in the electric
power generationmode (sailing), the ship control system
2 drives the engine 31. By this, as illustrated in FIG. 5,
power generated by the engine 31 is transmitted to the
propulsive forcegenerator4 through thefirst clutch331 to
rotate the propeller of the propulsive force generator 4 so
that propulsive force for the hull 1 is generated. Further-
more, the power generated by the engine 31 is also
transmitted (distributed) to the motor 32 through the first
gear 333, the second gear 334, and the second clutch
332 to rotate the output shaft of the motor 32 so as to
cause the motor 32 to generate AC power. AC power
generated in the motor 32 is used by the driving circuit
351 constituted by the bidirectional inverter circuit for
charging the main power source 71.
[0056] A lower half in FIG. 5 indicates an "electric
power generationmode (anchoring)" which is an anchor-
ing state (anchorage) of the hull 1 in the electric power
generationmodes inwhichelectric power is generatedby
the motor 32 using power generated by the engine 31. In
the electric power generationmode (anchoring), the ship
control system2performscontrol such that the first clutch
331 is brought to the block state and the second clutch
332 is brought to the first transmission state. Further-
more, in the electric power generationmode (anchoring),
the ship control system2 drives the engine 31. By this, as
illustrated in FIG. 5, the power generated by the engine
31 is transmitted to the motor 32 through the first gear
333, the second gear 334, and the second clutch 332 to
rotate the output shaft of the motor 32 so as to cause the
motor32 togenerateACpower.TheACpowergenerated
in the motor 32 is used by the driving circuit 351 con-
stituted by the bidirectional inverter circuit for charging
the main power source 71.
[0057] An upper half in FIG. 6 indicates a "hybrid
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propulsion mode (low speed)", which is suitable for sail-
ing at "low speed", in hybrid propulsionmodes to be used
when both the engine 31 and the motor 32 are used for
propelling the hull 1. In the hybrid propulsion mode (low
speed), the ship control system 2 performs control such
that the first clutch 331 is brought to the transmission
state and the second clutch 332 is brought to the second
transmission state. Furthermore, in the hybrid propulsion
mode (low speed), the ship control system 2 drives the
engine 31 and controls the driving circuit 351 to drive the
motor 32 with electric power supplied from the main
power source 71. By this, as illustrated in FIG. 5, power
generated by the engine 31 is transmitted to the propul-
sive force generator 4 through the first clutch 331 and
power generated by the motor 32 is transmitted to the
propulsive force generator 4 through the second clutch
332, the fourth gear 336, and the third gear 335. Conse-
quently, the power generated by the engine 31 and the
powergeneratedby themotor 32arecombinedwitheach
other, the propeller of the propulsive force generator 4 is
rotated, and the propulsive force for the hull 1 is gener-
ated.
[0058] A lower half in FIG. 6 indicates a "hybrid propul-
sion mode (high speed)", which is suitable for navigation
at "high speed", in the hybrid propulsion modes to be
usedwhen both the engine 31 and themotor 32 are used
for propulsion of the hull 1. In the hybrid propulsionmode
(high speed), the ship control system 2 performs control
such that the first clutch 331 is brought to the transmis-
sion state and the second clutch 332 is brought to the first
transmission state. Furthermore, in the hybrid propulsion
mode (high speed), the ship control system 2 drives the
engine 31 and controls the driving circuit 351 to drive the
motor 32 with electric power supplied from the main
power source 71. By this, as illustrated in FIG. 5, power
generated by the engine 31 is transmitted to the propul-
sive force generator 4 through the first clutch 331 and
power generated by the motor 32 is transmitted to the
propulsive force generator 4 through the second clutch
332, the second gear 334, the first gear 333, and the first
clutch 331. Consequently, the power generated by the
engine 31 and the power generated by the motor 32 are
combined with each other, the propeller of the propulsive
force generator 4 is rotated, and the propulsive force for
the hull 1 is generated.
[0059] Furthermore, in the motor propulsion mode in
theupper half in FIG. 4, at a timeof sailing of thehull 1, the
main power source 71 may be charged by supplying
rotation force of the propeller of the propulsive force
generator 4 as regenerative energy to the main power
source71. In this case, the rotation forceof thepropulsive
force generator 4 is transmitted to the motor 32 through
the third gear 335, the fourth gear 336, and the second
clutch 332 to rotate the output shaft of themotor 32 so as
to cause the motor 32 to generate AC power. The AC
power generated in the motor 32 is used by the driving
circuit 351 constituted by the bidirectional inverter circuit
for charging the main power source 71.

[0060] Here, when the second clutch 332 driven by the
actuator 34 as a shifter in the power transmitter 33 is
focused, the six operation modes described above are
categorized into three groups.
[0061] Specifically, in a first group including the electric
power generation mode (navigating), the electric power
generation mode (anchoring), and the hybrid propulsion
mode (high speed), the second clutch 332 is controlled to
be in the first transmission state. Furthermore, in a sec-
ond group including the motor propulsion mode and the
hybrid propulsion mode (low speed), the second clutch
332 is controlled to be in the second transmission state.
Moreover, ina thirdgroup including theenginepropulsion
mode, the second clutch 332 is controlled to be in the
block state.
[0062] Therefore, when the motor propulsion mode is
shifted to the electric power generation mode (navigat-
ing), the actuator 34 is first shifted from a low position to a
neutral position so that the motor-side rotator 332C is
shifted fromapositionwhere themotor-side rotator 332C
ismeshedwith the second counterpart-side rotator 332B
to a position where the motor-side rotator 332C is not
meshedwith the first counterpart-side rotator 332Aor the
second counterpart-side rotator 332B. Then the actuator
34 is shifted from the neutral position to a high position so
that the motor-side rotator 332C is shifted from the posi-
tion where the motor-side rotator 332C is not meshed
with the first counterpart-side rotator 332A or the second
counterpart-side rotator 332B to a position where the
motor-side rotator 332C is meshed with the first counter-
part-side rotator 332A.
[0063] Furthermore, although not illustrated in FIG. 3
and so on, the driving unit 3 further includes a hydraulic
circuit for driving the first clutch 331 and various sensors.

3. Configuration of Ship Control System

[0064] Next, a description will bemade on a configura-
tion of the ship control system 2 according to this embo-
dimentwith reference toFIG.2. Theship control system2
is a component of the ship 10 and constitutes the ship 10
together with the hull 1. That is, the ship 10 according to
this embodiment includes the ship control system 2 and
the hull 1. The ship control system 2 is the computer
system mounted on the hull 1 as an example of this
embodiment.
[0065] The ship control system 2 includes, as illu-
strated in FIG. 2, a mode switching processor 21, an
engine controller 22, and a motor controller 23. Further-
more, as illustrated in FIG. 2, the ship control system 2
further includes a comparison processor 24, an abnorm-
ality determination processor 25, and an additional con-
troller 26. The comparison processor 24, the abnormality
determination processor 25, and the additional controller
26are configured todeterminewhether at least oneof the
actuator 34 and the power transmitter 33 has an abnorm-
ality, that is, to determine a normal/abnormality state.
[0066] In this embodiment, as an example, the ship
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control system 2 has, as the main component, the com-
puter system that has the one or more processors. Ac-
cordingly, when the one or more processors execute a
ship control program, these plurality of functional sec-
tions (the mode switching processor 21 and the like) are
realized. Theseplurality of functional sections included in
the ship control system 2may be distributed in a plurality
of casings or may be provided in a single casing.
[0067] The ship control system2 is communicablewith
the devices included in the sections in the hull 1. That is,
to the ship control system2, at least the driving circuit 351
(refer to FIG. 3) which drives the operation device 5, the
display device, the engine 31, and the motor 32 is con-
nected in a communication availablemanner. By this, the
ship control system 2 can control the driving unit 3 in
accordance with an operation signal supplied from the
operation device 5, for example. Furthermore, the ship
control system 2 can cause the display device to display
various types of information, for example. Here, the ship
control system 2 may directly exchange various types of
information (electric signals) with the devices, or may
indirectly exchange such informationwith the devices via
a relay or the like.
[0068] The mode switching processor 21 executes a
process of switching an operationmode of the ship 10. In
this embodiment, the mode switching processor 21 se-
lects one of the motor propulsion mode, the engine
propulsion mode, the electric power generation mode,
and the hybrid propulsion mode in accordance with an
operation performed by a person (operator) on the op-
eration device 5. As an example, the operation device 5
includes a mode selection switch, and when one of the
motor propulsionmode, the engine propulsionmode, the
electric power generation mode, and the hybrid propul-
sion mode is selected by the mode selection switch, the
mode switching processor 21 drives the power transmit-
ter 33 to perform switching to the selected operation
mode.
[0069] The engine controller 22 controls the engine 31
serving as the first power source. Specifically, the engine
controller 22 performs control, such as fuel injection and
open/close of an exhaust valve, for driving the engine 31.
By this, the engine controller 22 can control the engine 31
so that an output (mainly, rotation speed) of the engine31
becomes an arbitrary value.
[0070] The motor controller 23 controls the motor 32
serving as the second power source. Specifically, the
motor controller 23controls thedrivingcircuit 351 (refer to
FIG. 3) for driving the motor 32. By this, the motor con-
troller 23 can control the motor 32 so that an output
(mainly, rotation speed and torque) of the motor 32
becomes an arbitrary value. In particular, in this embodi-
ment, the motor controller 23 can perform two types of
control including control of the number of rotations (rota-
tion speedcontrol) and torque control as the control of the
motor 32. In the rotation speed control, the motor con-
troller 23 sets a target rotation speed of themotor 32, and
controls a rotation speed of the motor 32 so that the

rotation speed becomes close to the target rotation
speed. In the torque control, the motor controller 23 sets
a target torque of the motor 32, and controls a torque of
the motor 32 so that the torque becomes close to the
target torque.
[0071] The comparison processor 24 executes a com-
parison process of comparing rotation speeds of com-
parison targets. Here, the term "comparison targets"
include at least two of the first power source (engine
31), the second power source (motor 32), and the pro-
pulsive force generator 4. Specifically, the comparison
processor 24 determines at least two of the engine 31
serving as the first power source, themotor 32 serving as
the second power source, and the propulsive force gen-
erator 4 as the comparison targets, and compares rota-
tion speeds of the at least two (comparison targets).
[0072] In this embodiment, the comparison processor
24 determines two of the first power source (engine 31),
the second power source (motor 32), and the propulsive
force generator 4 as comparison targets, and compares
rotation speeds of the selected two so as to calculate an
absolute value of a difference between the two rotation
speeds (rotation speed difference). For example, when
the second power source (motor 32) and the propulsive
force generator 4 are determined as the comparison
targets, the comparison processor 24 calculates an ab-
solute value of a difference between a rotation speed R2
of the second power source (motor 32) and a rotation
speed R3 of (the propeller of ) the propulsive force gen-
erator 4 (R2-R3). Alternatively, when the first power
source (engine 31) and the second power source (motor
32) are determined as comparison targets, the compar-
ison processor 24 calculates an absolute value of a
difference between the rotation speed R1 of the first
power source (engine 31) and the rotation speed R2 of
the second power source (motor 32) (R1-R2).
[0073] Here, the rotation speeds of the first power
source, the second power source, and (the propeller
of) the propulsive force generator 4 may be acquired
using speed meters, for example, by the comparison
processor 24. Therefore, in this embodiment, rotation
speed meters are individually disposed for measuring
rotation speeds of the first power source, the second
power source, and (the propeller of) the propulsive force
generator 4.
[0074] The abnormality determination processor 25
performs an abnormality determination process of deter-
mining an abnormality of at least one of the actuator 34
that drives the power transmitter 33 and the power trans-
mitter 33. Here, the abnormality determination processor
25 determines an abnormality of at least one of the
actuator 34 and the power transmitter 33 based on a
result of the comparisonof the rotation speedsperformed
by the comparison processor 24.
[0075] In this embodiment, the comparison processor
24 calculates a rotation speed difference between two
(comparison targets) of the first power source (engine
31), the second power source (motor 32), and the pro-
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pulsive force generator 4 as a result of the comparison of
the rotation speeds, and therefore, the abnormality de-
termination processor 25 determines an abnormality
based on the calculated rotation speed difference.
Furthermore, as an example in this embodiment, the
abnormality determination processor 25 determines
whether an abnormality has occurred (that is, normal
or abnormality) in the actuator 34 that drives the power
transmitter 33.
[0076] The additional controller 26 performs additional
control on at least one of the comparison targets. The
term "additional control" as used herein refers to control
performedonat least oneof the comparison targets soas
to increase the rotation speed difference between the
comparison targets when the comparison processor 24
compares the rotation speeds.
[0077] As an example, in a case where the second
power source (motor 32) and the propulsive force gen-
erator 4 are determined as the comparison targets, when
the rotationspeedR2of thesecondpowersourceand the
rotationspeedR3of (thepropeller of) thepropulsive force
generator 4 are both substantially zero, a difference
between the rotation speeds (R2-R3) is small. In such
a case, the additional controller 26 can widen (increase)
the rotation speed difference (R2-R3) by performing
additional control to increase the rotation speed R2 of
the second power source. As a result, a result of the
comparison between the rotation speeds used for the
abnormality determination, that is, the rotation speed
difference is emphasized, and the reliability of the ab-
normality determination in the abnormality determination
processor 25 is improved.

4. Method for controlling a ship

[0078] An example of a method for controlling the ship
10 (hereinafter, also simply referred to as "control meth-
od") executed mainly by the ship control system 2 will be
described hereinafter.
[0079] The control method according to this embodi-
ment is executed by the ship control system 2 that is
mainly configured by the computer system, and thus, in
other words, is embodied by the ship control program.
That is, the ship control program according to this embo-
diment is a computer program that causes one or more
processors to execute processes relating to the method
for controlling the ship 10. Such a ship control program
may be executed by the ship control system 2, the
terminal device, and the like in cooperation with each
other, for example.
[0080] Here, when a specific start operation set in
advance for executing the ship control program is per-
formed, the ship control system 2 executes the following
various processes relating to the control method. The
start operation is, for example, a power-on operation of
the ship 10. On the other hand, when a specific termina-
tion operation set in advance is performed, the ship
control system 2 terminates the following various pro-

cesses relating to the control method. The termination
operation is, for example, a power-off operation of the
ship 10.

4.1 Abnormality Determination Process

[0081] First, the abnormality determination process of
determininganabnormality onat least oneof theactuator
34 and the power transmitter 33 and processes asso-
ciated with the abnormality determination process will
now be described. In this embodiment, the abnormality
determination processor 25 of the ship control system 2
determineswhether anabnormality hasoccurred (that is,
normal or abnormality) in the actuator 34 based on the
result of the comparison between rotation speeds of the
comparison targets.
[0082] Specifically, the control method according to
this embodiment is employed in a ship that has a plurality
of power sources including first and second power
sources and that transmits power supplied from at least
one of the plurality of power sources to the propulsive
force generator 4 through the power transmitter 33 for
propelling the hull 1. The control method includes the
comparison process executed by the comparison pro-
cessor 24 of the ship control system 2 and the abnorm-
ality determination process executed by the abnormality
determination processor 25 of the ship control system 2.
Specifically, the comparison process determines at least
two of the first power source, the second power source,
and the propulsive force generator 4 as comparison
targets, andcompares rotationspeedsof thecomparison
targets with each other. The abnormality determination
process determines an abnormality of at least one of the
actuator 34 that drives the power transmitter 33 and the
power transmitter 33 based on a result of the comparison
between the rotation speeds.
[0083] With this configuration, an abnormality of at
least one of the actuator 34 and the power transmitter
33 is determined based on a result of comparison be-
tween rotation speeds of at least two of the first power
source, the second power source, and the propulsive
force generator 4 (comparison targets).
[0084] For example, when a position of the shifter
(actuator 34) is in a "low position", the second clutch
332 is in the second transmission state and the motor
32 is mechanically connected to the propulsive force
generator 4 through the power transmitter 33. Therefore,
when the actuator 34 is normal, a difference between the
rotation speedR2 of the second power source (motor 32)
and the rotation speed R3 of the propulsive force gen-
erator 4 becomes small. On the other hand, when an
abnormality has occurred in the actuator 34, a difference
between the rotation speed R2 of the second power
source (motor 32) and the rotation speed R3 of the
propulsive force generator 4 becomes large.
[0085] According to the control method of this embodi-
ment, anabnormalityof at leastoneof theactuator34and
the power transmitter 33 is determined based on a result
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of the comparison between the rotation speeds. There-
fore, a phenomenon that, when an abnormality occurs in
the actuator 34 due to a failure of the actuator 34 or the
like, a management state of the operation mode may
deviate fromanactual operationmodecanbeavoided. In
addition, since an abnormality is detected by using in-
formationon the rotation speeds, additional installation of
a special sensor or the like is not required. Consequently,
the ship 10’s control method, the ship control program,
the ship control system 2, and the ship 10 which can
improve reliability of amanagement state of an operation
mode may be provided.
[0086] Abnormality is detected using information re-
lated to rotation speed, and therefore installation of spe-
cial sensor or the like is not required. When an abnorm-
ality is detected in at least one of the actuator 34 and the
power transmitter 33, the ship control system 2 can
protect the first power source, the second power source,
and the power transmitter 33.
[0087] Here, in the control method according to this
embodiment, the comparison between rotation speeds is
performed in a determination period after the actuator 34
drives the power transmitter 33. That is, while a position
of theactuator 34 is constantlymonitored, anabnormality
is detected when the position of the actuator 34 is chan-
ged.Thus, since theprocess for detectinganabnormality
is performed at a timing when the actuator 34 drives the
power transmitter 33 in accordance with switching of the
operationmode, theprocess for detectinganabnormality
is notperformed inanormal state, anddeteriorationof the
operational feeling of the user and the like may be sup-
pressed.
[0088] In particular, the determination period iswithin a
predetermined period of time after the actuator 34 drives
the power transmitter 33. That is, since the process for
detecting an abnormality is performed immediately after
(within a predetermined period of time after) the actuator
34 drives the power transmitter 33, deterioration of the
operational feeling of the user and the like may be more
efficiently suppressed.
[0089] Furthermore, the control method of this embo-
diment further includesadditional control performedonat
least one of the comparison targets so as to increase a
rotation speed difference between the comparison tar-
gets when the comparison between rotation speeds is
performed. Specifically, the additional controller 26 of the
ship control system 2 performs additional control on at
least one of the comparison targets so that a rotation
speed difference between the comparison targets be-
comes large, and therefore, the rotation speed difference
between the comparison targets is emphasizedand false
detection (including detection leakage) may be avoided.
[0090] Here, the additional control includes control for
increasing at least one of the rotation speeds of the first
power source and the second power source. Specifically,
the additional control includes control for increasing at
least one of the rotation speeds of the first power source
and the second power source that are capable of actively

changing the rotation speeds thereof, among the first
power source, the second power source, and the propul-
sive force generator 4 which may be included in the
comparison targets. Thus, the additional control can be
realized without complicating the configuration.
[0091] Furthermore, the additional control includes
control for reducing at least one of the rotation speeds
of the first power source and the second power source.
Specifically, the additional control includes control for
reducing at least one of the rotation speeds of the first
power source and the second power source that are
capable of actively changing the rotation speeds thereof,
among the first power source, the second power source,
and the propulsive force generator 4 which may be
included in the comparison targets. Thus, the additional
control can be realized without complicating the config-
uration.
[0092] Moreover, the control method of this embodi-
ment further includes a determination as to whether the
additional control is required in accordance with a deter-
mination condition. Then, the control method performs
the additional control when it is determined that the
additional control is required. In this embodiment, as
an example, the determination as to whether the addi-
tional control is required is performed by the additional
controller 26 of the ship control system 2. In short, the
additional control is not always performed at a time of
determination of an abnormality, but is performed only
when it is determined that the additional control is re-
quired in accordance with the determination condition.
Therefore, for example, by not performing the additional
control in a case where the additional control is not
required, such as a case where a rotation speed differ-
ence between comparison targets is originally sufficient,
it is easy to suppress influence on behavior of the ship 10
from being affected by the additional control.
[0093] Here, the determination condition includes a
load condition relating to the rotation speed R3 of the
propulsive force generator 4. Specifically, the determina-
tion as to whether the additional control is required is
made in accordance with a condition (load condition)
relating to the rotation speed R3 of the propulsive force
generator 4 which is difficult to be actively changed
among the first power source, the second power source,
and the propulsive force generator 4 which may be
included in the comparison targets. Therefore, the de-
termination as to whether the additional condition is
required may be made by monitoring the rotation speed
R3 of the propulsive force generator 4, and complication
of the configuration for determining whether the addi-
tional control is required may be suppressed.
[0094] Furthermore, the load condition includes a
condition that the rotation speed R3 of the propulsive
force generator 4 is smaller than a threshold value Th1
(refer to FIG. 7). Accordingly, when the rotation speed
differencebetween the comparison targets is not efficient
at a time of anchoring, for example, the additional control
is performed so that the rotation speed difference be-
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tween the comparison targets can be emphasized.
[0095] Moreover, the additional control is performed in
accordance with content of an operation of the actuator
34. That is, a determination as to whether the additional
control is to be performed may be made in accordance
with content of an operation of the actuator 34. Accord-
ingly, the appropriate additional control canbeperformed
whichcaneasily emphasize the rotationspeeddifference
between the comparison targets.

4.2 Concrete Example

[0096] Next, the abnormality determination process
will be described in detail with reference to concrete
examples illustrated in FIGS. 7 to 12.
[0097] In FIGS. 7 to 10, an example of the abnormality
determination process performed in the determination
period in which the actuator 34 is shifted from the low
position to the neutral position is illustrated. As an ex-
ample, in a case where the user switches the operation
mode from the motor propulsion mode to the electric
power generation mode (sailing) when the remaining
capacity of the main power source 71 is low, the actuator
34 is switched from the low position to the neutral posi-
tion. In this case, the engine controller 22 first activates
the engine 31 while the first clutch 331 is in the block
state. Thereafter, after the rotation speed R3 of (the
propeller of) the propulsive force generator 4 is matched
with the rotation speed R1 of the engine 31, the mode
switching processor 21 brings the first clutch 331 to the
transmission state and further shifts the actuator 34 from
the low position to the neutral position to switch the
second clutch 332 from the second transmission state
to the block state. Finally, the mode switching processor
21 causes the rotation speedR2 of themotor 32 tomatch
the rotation speedR1of theengine31, and thereafter, the
second clutch 332 is switched from the block state to the
first transmission state.
[0098] Specifically, when an operation mode of the
second group in which the second clutch 332 is in the
second transmission state (motor propulsion mode, for
example) is shifted to an operationmodeof the first group
in which the second clutch 332 is in the first transmission
state (electric power generation mode (navigating), for
example), the actuator 34 is first shifted from the low
position to the neutral position as illustrated in FIGS. 7 to
10. FIGS. 7 to 10 are timing charts illustrating detection
positions (shift positions) of the actuator 34, torque out-
puts of the motor 32, the rotation speeds R2 of the motor
32, the rotation speeds R3 of (the propeller of) the pro-
pulsive force generator 4, absolute values of the differ-
ence (rotation speed difference) between the rotation
speeds R2 and R3, and determination results of the
abnormality determination process in order from the top.
[0099] In FIG. 7, the actuator 34 is in a normal state. In
the example of FIG. 7, an operation for shifting the
actuator 34 from the low position to the neutral position
(operation for switching the operation mode) is per-

formed at a time point t1, and a detection position of
the actuator 34 is changed from the low position (Low) to
the neutral position (Ntrl) at a time point t2. In this case,
since the rotation speed R3 of (the propeller of) the
propulsive force generator 4 is equal to or higher than
the threshold value Th1, the additional control is not
executed. In this example, the rotation speed R2 of the
motor 32 is gradually reduced from the time point t2 at
which the actuator 34 is switched to the neutral position.
[0100] The abnormality determination processor 25
determines an abnormality of the actuator 34 in the
determination period within the predetermined period
of time after the actuator 34 drives the power transmitter
33, that is, the determination period from the time point t2
when the detection position of the actuator 34 is changed
to a time point t4 when the predetermined period of time
has elapsed. In the example of FIG. 7, an absolute value
of a difference between the rotation speeds R2 and R3
(rotation speed difference) exceeds a determination
threshold value Th2 at a time point t3 after the time point
t2. Therefore, since a state in which the rotation speed
difference is equal to or less than the determination
threshold value Th2 does not continue for a predeter-
mined period of time T1 or more in the determination
period, the abnormality determination processor 25 de-
termines that switching of the second clutch 332 to the
block state has been successfully performed, and deter-
mines "No Abnormality" (Norm) for the actuator 34.
[0101] In FIG. 8, the actuator 34 is in an abnormality
state. Otherwise, conditions are the same as those illu-
strated in FIG. 7. In the example of FIG. 8, the second
clutch 332 is not switched from the second transmission
state to the block state at the time point t2 due to an
abnormality of the actuator 34, and therefore, the motor
32 rotates with (the propeller of) the propulsive force
generator 4 and the rotation speed R2 of the motor 32
is not reduced.
[0102] The abnormality determination processor 25
determines an abnormality of the actuator 34 in the
determination period within the predetermined period
of time after a time point when the actuator 34 drives
the power transmitter 33. In the example of FIG. 8, an
absolute value of a difference between the rotation
speeds R2 and R3 (rotation speed difference) is sub-
stantially 0 (zero) even after the time point t2. Therefore,
the state inwhich the rotation speed difference is equal to
or less than the determination threshold value Th2 con-
tinues for the predetermined period of time T1 or more in
the determination period, and accordingly, the abnorm-
ality determination processor 25 determines that switch-
ingof the secondclutch332 to theblockstatehas failedat
the time when the predetermined period of time T1 has
elapsed and determines that the actuator 34 is in an
"abnormality" state (Err).
[0103] In FIG. 9, the actuator 34 is in a normal state. In
the example of FIG. 9, an operation for shifting the
actuator 34 from the low position to the neutral position
(operation for switching the operation mode) is per-
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formed at the time point t1, and a detection position of the
actuator 34 is changed from the low position (Low) to the
neutral position (Ntrl) at time point t2. In this case, it is
assumed that the ship 10 is in a substantially anchored
state and the rotation speed R3 of (the propeller of) the
propulsive force generator 4 is smaller than the threshold
value Th1, and therefore, the additional control is exe-
cuted by the additional controller 26 on at least one of the
comparison targets so that the rotation speed difference
between the comparison targets is increased. Specifi-
cally, the additional controller 26 increases a torque out-
put instruction value of the motor 32 only in an additional
control period T2, and gradually increases the rotation
speed R2 of the motor 32 from the time point t2 when the
actuator 34 is switched to the neutral position.
[0104] The abnormality determination processor 25
determines an abnormality of the actuator 34 in the
determination period within the predetermined period
of time after the actuator 34 drives the power transmitter
33, that is, the determination period from the time point t2
when the detection position of the actuator 34 is changed
to the timepoint t4when thepredeterminedperiodof time
has elapsed. In the example of FIG. 9, an absolute value
of a difference between the rotation speeds R2 and R3
(rotation speed difference) exceeds the determination
threshold value Th2 at the time point t3 after the time
point t2. Therefore, since a state in which the rotation
speed difference is equal to or less than the determina-
tion threshold value Th2 does not continue for a prede-
termined period of time T1 or more in the determination
period, the abnormality determination processor 25 de-
termines that switching of the second clutch 332 to the
block state has been successfully performed, and deter-
mines "No Abnormality" (Norm) for the actuator 34.
[0105] In FIG. 10, the actuator 34 is in an abnormality
state. Otherwise, conditions are the same as those illu-
strated in FIG. 9. In the example of FIG. 10, the second
clutch 332 is not switched from the second transmission
state to the block state at the time point t2 due to an
abnormality of the actuator 34, and therefore, (the pro-
peller of) the propulsive force generator 4 rotates to-
gether with the motor 32 and the rotation speed R3 of
(the propeller of) the propulsive force generator 4 is
gradually increased together with the rotation speed
R2 of the motor 32.
[0106] The abnormality determination processor 25
determines an abnormality of the actuator 34 in the
determination period within the predetermined period
of time after a time point when the actuator 34 drives
the power transmitter 33. In the example of FIG. 10, an
absolute value of a difference between the rotation
speeds R2 and R3 (rotation speed difference) is sub-
stantially 0 (zero) even after the time point t2. Therefore,
the state inwhich the rotation speed difference is equal to
or less than the determination threshold value Th2 con-
tinues for the predetermined period of time T1 or more in
the determination period, and accordingly, the abnorm-
ality determination processor 25 determines that switch-

ingof the secondclutch332 to theblockstatehas failedat
the time when the predetermined period of time T1 has
elapsed and determines that the actuator 34 is in an
"abnormality" state (Err).
[0107] On the other hand, in FIGS. 11 and 12, an
example of an abnormality determination process per-
formed in a determination period in which the actuator 34
is shifted from the high position to the neutral position is
illustrated. As an example, in a case where the user
switches the operation mode from the electric power
generation mode (sailing) to the motor propulsion mode
when the main power source 71 is fully charged, the
actuator 34 is switched from the high position to the
neutral position. In this case, themode switching proces-
sor 21 shifts the actuator 34 from the high position to the
neutral position and shifts the second clutch 332 from the
first transmission state to theblock state,while setting the
first clutch 331 in the transmission state. Thereafter, the
mode switching processor 21 shifts the first clutch 331 to
the block state, and further shifts the second clutch 332
from the block state to the second transmission state.
[0108] Specifically, when the operation mode of the
first group in which the second clutch 332 is in the first
transmission state (electric power generation mode (na-
vigating), for example) is shifted to the operationmode of
the second group in which the second clutch 332 is in the
second transmission state (motor propulsion mode, for
example), the actuator 34 is first shifted from the high
position to the neutral position as illustrated in FIGS. 11
and 12. FIGS. 11 and 12 are timing charts illustrating
detection positions (shift positions) of the actuator 34,
torque outputs of the motor 32, the rotation speeds R2 of
the motor 32, the rotation speeds R1 of the engine 31,
absolute values of the difference (rotation speed differ-
ence) between the rotation speeds R2 and R1, and
determination results of the abnormality determination
process in order from the top.
[0109] It is assumed here, in this embodiment, that the
additional control is performed in accordance with con-
tent of anoperationof theactuator 34, and isperformedat
least when the actuator 34 is shifted from the high posi-
tion to the neutral position. Specifically, the additional
controller 26 reduces the torque output instruction value
of the motor 32 only in the additional control period T2,
and gradually reduces the rotation speedR2 of themotor
32 from the timepoint t2where theactuator34 is switched
to the neutral position.
[0110] In FIG. 11, the actuator 34 is in a normal state. In
the example of FIG. 11, an operation for shifting the
actuator 34 from the high position to the neutral position
(operation for switching the operation mode) is per-
formed at the time point t1, and a detection position of
the actuator 34 is shifted from the high position (High) to
the neutral position (Ntrl) at the time point t2.
[0111] The abnormality determination processor 25
determines an abnormality of the actuator 34 in the
determination period within the predetermined period
of time after the actuator 34 drives the power transmitter
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33, that is, the determination period from the time point t2
when the detection position of the actuator 34 is changed
to the timepoint t4when thepredeterminedperiodof time
has elapsed. In the example of FIG. 11, the difference
between the rotation speeds R1 and R2 (rotation speed
difference) exceeds the determination threshold value
Th2 at the time point t3 after the time point t2. Therefore,
since a state in which the rotation speed difference is
equal to or less than the determination threshold value
Th2 does not continue for a predetermined period of time
T1 or more in the determination period, the abnormality
determination processor 25 determines that switching of
the second clutch 332 to the block state has been suc-
cessfully performed, and determines "No Abnormality"
(Norm) for the actuator 34.
[0112] In FIG. 12, the actuator 34 is in an abnormality
state. Otherwise, conditions are the same as those illu-
strated in FIG. 11. In the example of FIG. 12, the second
clutch332 isnot switched from thefirst transmission state
to theblockstateat the timepoint t2due toanabnormality
of the actuator 34, and therefore, the motor 32 rotates
together with the engine 31 and the rotation speed R2 of
the motor 32 is not reduced.
[0113] The abnormality determination processor 25
determines an abnormality of the actuator 34 in the
determination period within the predetermined period
of time after a time point when the actuator 34 drives
the power transmitter 33. In the example of FIG. 12, an
absolute value of a difference between the rotation
speeds R1 and R2 (rotation speed difference) is sub-
stantially 0 (zero) even after the time point t2. Therefore,
the state inwhich the rotation speed difference is equal to
or less than the determination threshold value Th2 con-
tinues for the predetermined period of time T1 or more in
the determination period, and accordingly, the abnorm-
ality determination processor 25 determines that switch-
ingof the secondclutch332 to theblockstatehas failedat
the time when the predetermined period of time T1 has
elapsed and determines that the actuator 34 is in an
"abnormality" state (Err).

4.3 Flowchart

[0114] Next, a flow of an entire process of the abnorm-
ality determination process according to the display con-
trol method of the ship 10 of this embodiment will be
described with reference to the flowchart of FIG. 13.
Here, as an example, the abnormality determination
process performed when the actuator 34 is shifted to
the neutral position described in the foregoing concrete
example will be described.
[0115] Specifically, in the control method according to
this embodiment, the ship control system 2 determines
whether themode switching processor 21 has performed
anoperation of switching the operationmode (S1).When
the operation of switching the operation mode has been
performed (S1: Yes), the ship control system 2 proceeds
to step S2. On the other hand, when the operation of

switching the operationmode has not been performed (S
1: No), the ship control system 2 performs step S1 again.
[0116] In step S2, the ship control system 2 drives the
actuator 34 in accordance with the switching of the op-
eration mode. At this time, it is preferable that the ab-
normality determination processor 25 of the ship control
system 2 sets an abnormality determination flag over the
determination period, and even when the shift of the
actuator34 is completedduring thesettingof theabnorm-
ality determination flag, a shift to the next operation is
prohibited until the abnormality determination process is
completed. In step S3, the additional controller 26 of the
ship control system 2 determines whether the additional
control is to be performed.
[0117] Here, in a case where the actuator 34 is driven
from the low position to the neutral position, when the
rotationspeedR3of (thepropeller of) thepropulsive force
generator 4 is smaller than the threshold value Th1, the
additional controller 26 determines that the additional
control is required (S3: Yes), and the process proceeds
to step S4. On the other hand, in the case where the
actuator 34 is driven from the low position to the neutral
position, when the rotation speed R3 of (the propeller of)
the propulsive force generator 4 is equal to or larger than
the threshold value Th1, the additional controller 26
determines that the additional control is not required
(S3: No), and the process proceeds to step S5 after step
S4 is skipped.
[0118] Furthermore, when the actuator 34 is driven
from the high position to the neutral position (S3: Yes),
the additional controller 26 unconditionally determines
that additional control is required, and the process pro-
ceeds to step S4.
[0119] In step S4, the additional controller 26 executes
the additional control. At this time, the content of the
additional control is determined on the condition that
themotor 32 is not excessively rotatedwhen the actuator
34 is in the neutral position, the propeller is not exces-
sively moved when the actuator 34 is in the low position,
and the engine is not reversely rotatedwhen the actuator
34 is in the high position.
[0120] Specifically, when themotor 32 is rotated for the
abnormality determination process, a torque or a rotation
speed for the additional control is preferably set taking
both a case where an abnormality has occurred and a
case where an abnormality has not occurred into con-
sideration. For example, in the case where an abnorm-
ality has not occurred, the additional control of the motor
32 is set such that an output is in a range in which an
abnormality is not erroneously detected due to a rotation
speed difference between the comparative targets being
equal to or larger than a certain value and the motor 32
doesnot rotateabnormally.On theotherhand, in thecase
where an abnormality has occurred, the additional con-
trol of themotor 32 is set such that an output is in a range
inwhichadevice towhich themotor32 is connected isnot
brokenand thehull 1 is notmoved. Furthermore,whenan
operation of the actuator 34 for performing the abnorm-
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ality determination process and an operation of stopping
theengine31areperformedat the same timing, there is a
risk that a rotation speed difference is not generated and
a false detection of an abnormality is performed. There-
fore, when the actuator 34 is driven from the high position
to theneutral position, themotor 32 is rapidly decelerated
by the additional control.
[0121] In step S5, the comparison processor 24 of the
ship control system 2 compares rotation speeds of the
comparison targets, and the abnormality determination
processor 25 determines whether the rotation speeds of
the comparison targets are substantially the same as
each other. When the rotation speeds of the comparison
targets are substantially the same as each other (S5:
Yes), the abnormality determination processor 25 deter-
mines that the shift to the block state of the second clutch
332 has failed and determines "Abnormality" in the ac-
tuator 34 (S6). On the other hand, when the rotation
speeds of the comparison targets are not substantially
the same as each other (S5: No), the abnormality deter-
mination processor 25 determines that the shift to the
block state of the second clutch 332 has been success-
fully performed and determines "No Abnormality" (Nor-
mal) for the actuator 34 (S7).
[0122] A determination result of the abnormality deter-
mination processor 25 is displayed for the user by being
displayed on the display device, for example.
[0123] The ship control system 2 repeatedly executes
the processes in step S1 to step S7 described above.
However, the flowchart illustrated in FIG. 13 is merely an
example, and theprocessingmaybeaddedor omitted as
appropriate, or the order of the processing may be chan-
ged as appropriate.

5. Modification

[0124] Modifications of the first embodiment will be
listed below. The modifications described below can be
applied in appropriate combination.
[0125] The ship control system 2 in the present dis-
closure includes the computer system. The computer
system is mainly configured by one or more processors
and one or more memories as hardware. When the
processor executes programs that are stored in the
memory of the computer system, the functions as the
ship control system 2 in the present disclosure are im-
plemented. The programmay be recorded in advance in
the memory of the computer system, may be provided
through an electric communication line, or may be pro-
vided by being recorded in a non-transitory recording
medium, such as a memory card, an optical disk, or a
hard disk drive, that is readable by the computer system.
Moreover, some or all of the functional sections included
in the ship control system 2 may be configured by an
electronic circuit.
[0126] The ship control system 2 may not necessarily
be configured such that at least some of the functions of
the ship control system 2 are integrated in a single

housing, and the components of the ship control system
2 may be distributed in a plurality of housings. On the
contrary, the functions that are distributed in the plurality
of devices (for example, the ship control system2and the
operation device 5) in the first embodiment may be
integrated in a single casing.
[0127] Furthermore, at least a portion of the ship con-
trol system 2 is not limited to being installed on the hull 1,
but may be installed separately from the hull 1. As an
example, when the ship control system 2 is embodied by
a server device provided separately from the hull 1, a
communication between the server device and (commu-
nicator of) the hull 1 enables control of the ship 10 (hull 1)
by the ship control system 2. At least some of the func-
tions of the ship control system 2 may be realized by a
cloud (cloud computing) or the like.
[0128] The ship 10 is not limited to the pleasure boat,
andmay be a commercial ship, such as a cargo ship or a
passenger ship, a workboat, such as a tugboat or a
salvage boat, a special ship, such as a meteorological
observation ship or a training ship, a fishing ship, a naval
ship, or the like. Furthermore, the ship 10 is not limited to
the ship of themanned type boarded by the operator, and
may be an unmanned type ship that can be remotely
operated by a person (operator) or autonomously oper-
ated.
[0129] Moreover, the engine 31 is not limited to the
diesel engine but may be an engine other than the diesel
engine, for example. The motor 32 is also not limited to
the ACmotor andmay be a DCmotor. Themotor 32may
be driven by electric power supplied from an electric
power generation apparatus, such as a fuel buttery or
a solar power generation apparatus.
[0130] In addition, the ship 10 at least includes the
plurality of power sources including theengine31and the
motor 32 in the hull 1, and may include three or more
power sources including a third power source in addition
to the engine 31 and the motor 32.
[0131] Furthermore, the "comparison targets" are at
least two of the first power source, the second power
source, and the propulsive force generator 4, and not
limited to a pair of the second power source and the
propulsive force generator 4 or a pair of the first power
source and the second power source. The "comparison
targets" may be at least a pair of the first power source
and the propulsive force generator 4 or a combination of
three, that is, the first power source, the second power
source, and the propulsive force generator 4.
[0132] Furthermore, the six operation modes as the
operation mode are not essential configurations for the
ship control system 2. For example, the two operation
modesof thehybrid propulsionmode (lowspeed) and the
hybrid propulsion mode (high speed) may be omitted.
[0133] Furthermore, the switching of the operation
modemay not be performed in accordancewith a switch-
ing operation performed by the user (operator). For ex-
ample, the mode switching processor 21 of the ship
control system 2 may automatically switch the operation
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mode in accordancewith a navigation situation of the hull
1 including a current position or a ship speed of the hull 1,
a remaining capacity of themain power source 71, or the
like.
[0134] Moreover, the main power source 71 is not
limited to the lithium battery, and the auxiliary power
source 72 is not limited to a lead battery. Themain power
source71 isnot limited toachargeable secondarybattery
andmay bea power generation apparatus, such as a fuel
battery or a solar power generation apparatus.

Appendices

[0135] A summary of the present invention extracted
from the above-described embodiments will be de-
scribed below as appendices. Note that the configura-
tions and processing functions described in the following
appendices can be selected and arbitrarily combined.

Appendix 1

[0136] A method for controlling a ship employed in a
ship that has a plurality of power sources including a first
power source and a second power source and that
propels a hull by transmitting power from at least one
of the plurality of power sources through a power trans-
mitter to a propulsive force generator, the method com-
prising:

determining at least two of the first power source, the
second power source, and the propulsive force gen-
erator as comparison targets and comparing rotation
speeds of the comparison targets with each other;
and
determining an abnormality of at least one of an
actuator that drives the power transmitter and the
power transmitter based on a result of the compar-
ison between the rotation speeds.

Appendix 2

[0137] The method for controlling a ship according to
Appendix 1, wherein
the rotation speeds are compared with each other in a
determination period after the actuator drives the power
transmitter.

Appendix 3

[0138] The method for controlling a ship according to
Appendix 2, wherein
thedetermination period iswithin a predeterminedperiod
of time after the actuator drives the power transmitter.

Appendix 4

[0139] The method for controlling a ship according to
any one of Appendices 1 to 3, further comprising:

performing additional control on at least one of the com-
parison targets so that a difference between the rotation
speeds of the comparison targets is increased when the
comparison between the rotation speeds is performed.

Appendix 5

[0140] The method for controlling a ship according to
Appendix 4, wherein
the additional control includes control for increasing at
least one of the rotation speeds of the first power source
and the second power source.

Appendix 6

[0141] The method for controlling a ship according to
Appendix 4 or 5, wherein
the additional control includes control for reducing at
least one of the rotation speeds of the first power source
and the second power source.

Appendix 7

[0142] The method for controlling a ship according to
any one of Appendices 4 to 6, further comprising:

determining whether the additional control is re-
quired in accordancewith a determination condition,
wherein
the additional control is performed when the addi-
tional control is required.

Appendix 8

[0143] The method for controlling a ship according to
Appendix 7, wherein
the determination condition includes a load condition
associatedwith the rotation speed of the propulsive force
generator.

Appendix 9

[0144] The method for controlling a ship according to
Appendix 8, wherein
the load condition includes the rotation speed of the
propulsive forcegeneratorwhich is smaller thana thresh-
old value.

Appendix 10

[0145] The method for controlling a ship according to
any one of Appendices 4 to 9, wherein
the additional control is performed in accordance with
content of an operation of the actuator.

Appendix 11

[0146] A ship control program that causes at least one
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processor to execute the method for controlling a ship
according to any one of Appendices 1 to 10.

REFERENCE SIGNS LIST

[0147]

1: Hull
2: Ship control system
4: Propulsive force generator
10: Ship
31: Engine (First power source)
32: Motor (Second power source)
33: Power transmitter
34: Actuator
24: Comparison processor
25: Abnormality determination processor
R1, R2, R3: Rotation speed
Th1: Threshold value

Claims

1. A method for controlling a ship employed in a ship
that has a plurality of power sources including a first
power source and a second power source and that
propels a hull by transmitting power fromat least one
of the plurality of power sources through a power
transmitter to a propulsive force generator, themeth-
od comprising:

determining at least two of the first power
source, the second power source, and the pro-
pulsive force generator as comparison targets
and comparing rotation speeds of the compar-
ison targets with each other; and
determining an abnormality of at least one of an
actuator that drives the power transmitter and
the power transmitter based on a result of the
comparison between the rotation speeds.

2. Themethod for controlling a ship according to Claim
1, wherein
the rotation speeds are compared with each other in
a determination period after the actuator drives the
power transmitter.

3. Themethod for controlling a ship according to Claim
2, wherein
the determination period is within a predetermined
period of time since the actuator drives the power
transmitter.

4. The method for controlling a ship according to any
one of Claims 1 to 3, further comprising:
performing additional control on at least one of the
comparison targets so that a difference between the
rotation speeds of the comparison targets is in-

creased when the comparison between the rotation
speeds is performed.

5. Themethod for controlling a ship according to Claim
4, wherein
the additional control includes control for increasing
at least one of the rotation speeds of the first power
source and the second power source.

6. Themethod for controlling a ship according to Claim
4, wherein
the additional control includes control for reducing at
least one of the rotation speeds of the first power
source and the second power source.

7. Themethod for controlling a ship according to Claim
4, further comprising:

determining whether the additional control is
required in accordance with a determination
condition, wherein
the additional control is performed when the
additional control is required.

8. Themethod for controlling a ship according to Claim
7, wherein
thedetermination condition includes a load condition
associated with a rotation speed of the propulsive
force generator.

9. Themethod for controlling a ship according to Claim
8, wherein
the load condition includes the rotation speed of the
propulsive force generator which is smaller than a
threshold value.

10. Themethod for controlling a ship according to Claim
4, wherein
the additional control is performed in accordance
with content of an operation of the actuator.

11. A ship control program that causes at least one
processor to execute the method for controlling a
ship according to any one of Claims 1 to 3.

12. A ship control system that is employed in a ship that
has a plurality of power sources including a first
power source and a second power source and that
propels a hull by transmitting power fromat least one
of the plurality of power sources through a power
transmitter to a propulsive force generator, the ship
control system comprising:

a comparisonprocessor that determinesat least
two of the first power source, the second power
source, and the propulsive force generator as
comparison targets and compares rotation
speeds of the comparison targets with each
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other; and
an abnormality determination processor that
determines an abnormality of at least one of
an actuator that drives the power transmitter
and the power transmitter based on a result of
the comparison between the rotation speeds.

13. A ship, comprising: the ship control system accord-
ing to Claim 12; and
the hull.
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