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(54) ELECTRIC PROPULSION CONTROL SYSTEM FOR VESSEL

(57)  The objective of the present invention is to pro-
vide an electric propulsion control system that has im-
proved acceleration/deceleration and control perfor-
mance and that can be linked to an autonomous naviga-
tion system. The electric propulsion control system for a
vessel, according to one embodiment of the present
invention, may comprise: an acceleration/deceleration
control unit which receives a speed command so as to
control acceleration on the basis of the power change
rate of an engine of a vessel, and which limits a torque
command value according to the speed command within
a safety driving region so as control deceleration; and a
regenerative energy control unit for estimating the gen-
eration amount of regenerative power on the basis of the
propeller speed of the vessel and a torque command
generated by means of the acceleration/deceleration
control unit, and controlling torque limitation of the accel-
eration/deceleration control unit such that the estimated
generation amount of regenerative power is less than or
equal to the current load amount.
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Description
Technical Field

[0001] The present disclosure relates to an electric
propulsion control system for a vessel.

Background Art

[0002] Recently, electric propulsion systems are being
adopted for vessels for reasons such as environmental
protection and the like.

[0003] In the speed control device that controls a ves-
sel propulsion system of the related art, control is per-
formed based on the speed change rate during accel-
eration control, and thus when viewed from the engine
power perspective, there is a problem in which engine
performance cannot be optimally utilized because there
is a margin, compared to the engine power change rate
performance, and free-wheeling is applied for safety
region seagoing during deceleration control, but there
is a problem in which a braking distance increases be-
cause deceleration may not be performed during a free-
wheeling operation.

[0004] In addition, vessels are configured in various
navigation modes, and since the outputincrease amount,
maximum propeller speed and the like change depend-
ing on respective navigation modes, a process is re-
quired to check whether it is possible to perform under
the current seagoing conditions when output fluctuations
are required, and if it is fixed to a specific operation
condition during autonomous operations, there may be
a problem that the desired level of propulsion perfor-
mance may not be implemented in a timely manner,
and if regenerative energy exceeding the load is gener-
ated during a low-load operation, the surplus regenera-
tive energy should be consumed using a braking resistor
or the like, so the installation of a braking resistor is
essential, but since the braking resistor is expensive,
there is a problem that manufacturing costs increase if
many are employed.

[0005] (Patent Document 1) Republic of Korea Pub-
lication of Patent Publication No. 10-2019-0081151

Summary of Invention

Technical Problem

[0006] Anaspectofthe presentdisclosure isto provide
an electric propulsion control system having improved
acceleration/deceleration and control performance and
capable of linking with an autonomous navigation sys-
tem.

Solution to Problem

[0007] Accordingtoanaspectofthe presentdisclosure
to resolve the above-described problem, an electric pro-
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pulsion control system for a vessel includes an acceler-
ation/deceleration control unit receiving a speed com-
mand, controlling acceleration based on a rate of change
in power of an engine of the vessel, and controlling
deceleration by limiting a torque command value accord-
ing to the speed command to a safety driving region; and
a regenerative energy control unit estimating an amount
of regenerative power generated based on a propeller
speed of the vessel and a torque command generated by
the acceleration/deceleration control unit, and controlling
a torque limitation of the acceleration/deceleration con-
trol unit so that an estimated amount of the regenerative
power generated is less than or equal to a current load
amount.

Advantageous Effects of Invention

[0008] According to an embodiment of the present
disclosure, there is an effect of improving acceleration/-
deceleration performance and minimizing the installation
of a braking resistor.

Brief Description of Drawings
[0009]

FIG. 1 is a schematic diagram of an electric propul-
sion control system for a vessel according to an
embodiment of the present disclosure.

FIG. 2 is a schematic diagram of an acceleration/-
deceleration control unit of an electric propulsion
control system for a vessel according to an embodi-
ment of the present disclosure.

FIG. 3 is a graph illustrating the technical effect of an
acceleration/deceleration control unit of an electric
propulsion control system for a vessel according to
an embodiment of the present disclosure.

FIG. 4 is a schematic block diagram of a navigation
control unit and a navigation mode conversion unit of
an electric propulsion control system for a vessel
according to an embodiment of the present disclo-
sure.

FIG. 5 is a schematic diagram of a regenerative
energy control unit of an electric propulsion control
system for a vessel according to an embodiment of
the present disclosure.

FIG. 6 is a diagram illustrating a technical effect of a
regenerative energy control unit of an electric pro-
pulsion control system for a vessel according to an
embodiment of the present disclosure.
FIG.7isadiagramillustrating an example computing
environment in which an electric propulsion control
system for a vessel according to an embodiment of
the present disclosure may be implemented.

Detailed Description for Invention

[0010] Hereinafter, with reference to the attached
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drawings, a preferred embodiment will be described in
detail so that a person having ordinary knowledge in the
technical field to which the present disclosure pertains
may easily practice the present disclosure.

[0011] FIG. 1 is a schematic configuration diagram of
an electric propulsion control system for a vessel accord-
ing to an embodiment of the present disclosure.

[0012] Referring to FIG. 1, an electric propulsion con-
trol system (100) for a vessel according to an embodi-
ment of the present disclosure may include an acceler-
ation/deceleration control unit (110) and a regenerative
energy control unit (140), and may further include a
navigation control unit (120) and a navigation mode
conversion unit (130).

[0013] The acceleration/deceleration control unit (110)
may receive a speed command and control acceleration
based on the power change rate of the vessel’s engine,
and may control deceleration by limiting a torque com-
mand value according to the received speed command to
a safety driving region set in advance.

[0014] The regenerative energy control unit (140) may
estimate the amount of regenerative power generated
based on the propeller speed of the vessel and the torque
command generated from the acceleration/deceleration
control unit (110), and may control the torque limitation of
the acceleration/deceleration control unit (110) so that
the estimated amount of regenerative power generated is
less than or equal to the current load amount.

[0015] The navigation control unit (120) may calculate
an power change rate per unit time based on a current
outputamountto atarget power amountwhen receiving a
speed command, and may determine an optimal naviga-
tion mode among a plurality of navigation modes set in
advance based on the calculated power change rate.
[0016] The navigation modes conversion unit (130)
may convert the navigation mode into a corresponding
navigation mode among the plurality of navigation
modes, according to the navigation mode determined
by the navigation control unit (120), and transmit the
same to the acceleration/deceleration control unit (110).
[0017] FIG. 2 is a schematic configuration diagram of
the acceleration/deceleration control unit of the electric
propulsion control system for a vessel according to an
embodiment of the present disclosure.

[0018] Referring to FIG. 2 together with FIG. 1, the
acceleration/deceleration control unit (110) of the electric
propulsion control system (100) for a vessel according to
an embodiment of the present disclosure may include a
speed controller (111), an power change rate limiter
(112), and a safety driving region setting device (113).
[0019] The speed controller (111) may receive the
speed command. The speed command may be a pro-
peller speed command (RPM) of the vessel. The speed
controller (111) may generate a torque command that
controls the torque of a propulsion drive that drives a
propeller according to the current propeller speed and the
propeller speed command (RPM) of the vessel.

[0020] The power change rate limiter (112) may output
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a modified torque command that limits the power change
rate so that the power does not exceed the performance
of the engine, by reflecting the generator power, current
navigation mode and engine power characteristics
(Ramp characteristic) of the vessel, for the torque com-
mand from the speed controller (111).

[0021] The safety driving region setting device sets the
safety driving region by considering the vessel’'s con-
struction specifications, current navigation mode, and
operation conditions, and determines whether the cor-
rected torque command from the power change rate
limiter (112) exists within the safety driving region. If
the torque command falls outside the safety driving re-
gion, the torque command is limited to a value within the
safety driving region and then the torque command is
transmitted to the propulsion drive. At this time, the safety
driving region may vary depending on the vessel’s sea-
going conditions, and the safety driving region may be
adjusted by the regenerative energy control unit so that
the regenerative power does not exceed the target value.
[0022] FIG. 3isagraphillustrating a technical effect of
the acceleration/deceleration control unit of the electric
propulsion control system for a vessel according to an
embodiment of the present disclosure.

[0023] Referring to FIG. 3 together with FIG. 2, first, by
performing control based on an power change rate
(kW/s) of an engine during acceleration control according
to the speed command, the engine power performance
may be utilized at maximum, and as illustrated in the
upper part of FIG. 3, the engine power may be improved
compared to the speed change rate-based control, there-
by improving the acceleration performance.

[0024] Next, by controlling the torque so that driving is
possible within the safety zone without free-wheeling
through the torque limitation function during deceleration
control, the deceleration performance may be improved
because there is no free-wheeling section.

[0025] FIG. 4 is a schematic configuration diagram of
the navigation control unit and the navigation mode con-
version unit of the electric propulsion control system for a
vessel according to an embodiment of the present dis-
closure.

[0026] ReferringtoFIG. 4 togetherwith FIG. 1, first, the
navigation control unit (120) may include an power
change rate calculation unit (121) and an optimal naviga-
tion mode selection unit (122).

[0027] When the speed command is input, the power
change rate calculation unit (121) may calculate an
power change rate per unit time based on the current
power amount to a target power amount.

[0028] The optimal navigation mode selection unit
(122) may compare and select the power change rate
calculated by the power change rate calculation unit
(121) with power change rates that may be performed
in respective modes to check whether it is an power
change rate that may be performed in the current naviga-
tion mode, and may determine an optimal navigation
mode through the power change rate comparison. In
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addition, the optimal navigation mode selection unit (122)
may check the current operation conditions and deter-
mine an optimal navigation mode suitable for the condi-
tions when conversion in the navigation mode is neces-
sary.

[0029] The navigation mode conversion unit(130) may
automatically perform navigation mode conversion ac-
cording to the determination of the optimal navigation
mode selection unit (122).

[0030] The navigation mode conversion unit(130) may
include a navigation mode unit (131) by an power char-
acteristic having a normal mode (131a) and a fast mode
(131b) set in advance according to engine power char-
acteristics, a navigation mode unit (132) by engine fuel
having a fuel mode (132a) and a gas mode (132b) set in
advance according to engine fuel, and a navigation mode
unit (133) by vessel location having a normal seagoing
mode (133a) and a port mode (133b) set in advance
according to vessel location.

[0031] The navigation mode conversion unit(130) may
convert a navigation mode into an appropriate navigation
mode among respective modes of the navigation mode
unit (131) by a power characteristic, the navigation mode
unit (132) by engine fuel, and the navigation mode unit
(133) by vessel location, according to the navigation
mode determined by the optimal navigation mode selec-
tion unit (122), and may transmit the converted naviga-
tion mode to the safety driving region setting device (113).
The safety driving region setting device (113) may set an
appropriate safety driving region for each navigation
mode, determine whether the corrected torque command
from the power change rate limiter (112) exists within the
safety driving region, and, if the torque command falls
outside the safety driving region, may limit the torque
command to a value within the safety driving region and
then transmit the torque command to the propulsion
drive.

[0032] FIG. 5 is a schematic block diagram of the
regenerative energy control unit of the electric propulsion
control system for a vessel according to an embodiment
of the present disclosure.

[0033] Referring to FIG. 5, the regenerative energy
control unit (140) of the electric propulsion control system
(100) for a vessel according to an embodiment of the
present disclosure may include a regenerative power
estimation unit (141), a comparison unit (142), and a
torque control unit (143).

[0034] The regenerative power estimation unit (141)
may estimate the regenerative power based on the cur-
rent propeller speed and the torque command calculated
by the speed controller (111).

[0035] The comparison unit (142) may then compare
the regenerative power estimated by the regenerative
power estimation unit (141) with a current total load
amount.

[0036] The torque control unit (143) may control the
torque limitation of the safety driving region setting device
(113) so that the estimated regenerative power amount
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does not exceed the current total load amount.

[0037] FIG. 6 is a drawing illustrating the technical
effect of the regenerative energy control unit of the elec-
tric propulsion control system for a vessel according to an
embodiment of the present disclosure.

[0038] Referring to FIG. 6 together with FIG. 5, the
current load amount is monitored in real time and the
amount of regenerative energy generated during sudden
braking is controlled so that it does not become larger
than the current load amount, thereby minimizing the
energy to be processed and minimizing an installation
capacity of the braking resistor, which is a regenerative
energy processing device.

[0039] FIG. 7 is a drawing illustrating an example
computing environment in which the electric propulsion
control system for a vessel according to an embodiment
of the present disclosure may be implemented.

[0040] Referring to FIG. 7, an example of a system
(1000) including a computing device (1100) configured to
implement one or more of the above-described embodi-
ments is illustrated. For example, the computing device
(1100) may include, but is not limited to, a personal
computer, a server computer, a handheld or laptop de-
vice, a mobile device (for example, a mobile phone, a
PDA, a media player, or the like), a multiprocessor sys-
tem, a consumer electronic device, a minicomputer, a
mainframe computer, a distributed computing environ-
ment including any of the aforementioned systems or
devices, or the like.

[0041] The computing device (1100) may include at
least one processing unit (1110) and a memory (1120). In
this case, the processing unit (1110) may include, for
example, a central processing unit (CPU), a graphics
processing unit (GPU), a microprocessor, an application
specific integrated circuit (ASIC), field programmable
gate arrays (FPGAs), and the like, and may have multiple
cores. The memory (1120) may be a volatile memory (for
example, a RAM or the like), a nonvolatile memory (for
example, a ROM, a flash memory or the like), or a
combination thereof.

[0042] Additionally, the computing device (1100) may
include additional storage (1130). The storage (1130)
may include, but is not limited to, magnetic storage,
optical storage, and the like. The storage (1130) may
store computer-readable instructions for implementing
one or more embodiments disclosed herein, and may
also store other computer-readable instructions for im-
plementing an operating system, application programs,
and the like. The computer-readable instructions stored
in the storage (1130) may be loaded into the memory
(1120) for execution by the processing unit (1110).
[0043] Additionally, the computing device (1100) may
include input device(s) (1140) and output device(s)
(1150). In this case, the input device(s) (1140) may in-
clude, for example, a keyboard, a mouse, a pen, a voice
input device, a touch input device, an infrared camera, a
video input device, any other input device, or the like.
Additionally, the output device(s) (1150) may include, for
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example, one or more displays, speakers, printers, any
other output devices, or the like. Additionally, the comput-
ing device (1100) may also use input devices or output
devices provided in other computing devices as the input
device(s) (1140) or the output device(s) (1150).

[0044] Additionally, the computing device (1100) may
include communication connection(s) (1160) enabling
communicate with another device (for example, the com-
puting device (1300)) via the network (1200). In this case,
the communication connection(s) (1160) may include a
modem, a network interface card (NIC), an integrated
network interface, a radio frequency transmitter/receiver,
aninfrared port, a USB connection, or other interfaces for
connecting the computing device (1100) to other comput-
ing devices. Additionally, the communication connec-
tion(s) (1160) may include wired or wireless connections.
[0045] Respective components of the computing de-
vice (1100) described above may be connected by var-
ious interconnections (for example, peripheral compo-
nent interconnect (PCI), USB, firmware (IEEE 1394),
optical bus structure, or the like), such as buses or the
like, and may also be interconnected by a network.
[0046] As used in this specification, terms such as
"acceleration/deceleration control unit," "speed control-
ler," "power change rate limiter," "safety driving region
setting device," "navigation control unit," "power change
rate calculator," "optimal navigation mode selection unit,"
"navigation mode conversion unit," "navigation mode unit
by an output characteristic," "navigation mode unit by
engine fuel," "navigation mode unit by vessel location,"
"regenerative energy control unit," "regenerative power
estimation unit," "comparison unit," "torque control unit,"
and the like, generally refer to hardware, a combination of
hardware and software, software, or a computer-related
entity thatis running software. For example, a component
may be, but is not limited to, a process running on a
processor, a processor, an object, an executable, a
thread of execution, a program, and/or a computer. For
example, both an application running on a controller and
the controller may be a component. One or more com-
ponents may exist within a process and/or thread of
execution, and the components may be localized on
one computer or distributed between two or more com-
puters.

[0047] As described above, according to the present
disclosure, the acceleration and deceleration perfor-
mance of the vessel is improved and the installation of
the braking resistor may be minimized.

[0048] The present disclosure described above is not
limited by the above-described embodiments and the
attached drawings, but is limited by the scope of the
patent claims described below, and it will be readily
apparent to those skilled in the art to which the present
disclosure pertains that the configuration of the present
disclosure may be variously changed and modified within
ascope thatdoes notdepart from the technical idea of the
present disclosure.
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Claims

1. An electric propulsion control system for a vessel,
comprising:

an acceleration/deceleration control unit receiv-
ing a speed command, controlling acceleration
based on a rate of change in an output of an
engine of the vessel, and controlling decelera-
tion by limiting a torque command value accord-
ing to the speed command to a safety driving
region; and

aregenerative energy control unit estimating an
amount of regenerative power generated based
on a propeller speed of the vessel and a torque
command generated by the acceleration/dece-
leration control unit, and controlling a torque
limitation of the acceleration/deceleration con-
trol unit so that an estimated amount of the
regenerative power generated is less than or
equal to a current load amount.

2. The electric propulsion control system for a vessel of
claim 1, further comprising:

an navigation control unit calculating an power
change rate per unit time based on a current
power amount to a target power amount when
the speed command is received, and determin-
ing an optimal navigation mode among a plur-
ality of navigation modes set in advance based
on a calculated power change rate; and

a navigation mode conversion unit converting a
navigation mode into a corresponding naviga-
tion mode among the plurality of navigation
modes according to the navigation mode deter-
mined by the navigation control unit, and trans-
mitting the navigation mode to the acceleration/-
deceleration control unit.

3. Theelectric propulsion control system for a vessel of
claim 1, wherein the acceleration/deceleration con-
trol unit includes,

a speed controller comparing a current propeller
speed of the vessel with a target propeller speed
and outputting the torque command value;

an power change rate limiter modifying the tor-
que command value from the speed controller
according to engine power characteristics of the
vessel, a generator power of the vessel, and a
current navigation mode; and

a safety driving region setting device limiting a
modified torque command value from the power
change rate limiter to the safety driving region.

4. The electric propulsion control system for a vessel of
claim 2, wherein the navigation control unitincludes,
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an power change rate calculation unit calculat-
ing the power change rate per unittime based on
the current power amount to the target power
amount when the speed command is received;
and 5
an optimal navigation mode selection unit com-
paring the power change rate calculated by the
power change rate calculation unit with a power
change rate capable of being performed by each
of the plurality of navigation modes and deter- 70
mining whether the power change rate is per-
formable in a current navigation mode, and de-
termining the optimal navigation mode among
the plurality of navigation modes through com-
parison of the power change rates. 15

5. Theelectric propulsion control system for a vessel of
claim 4, wherein the navigation mode conversion
unit includes,

20
anavigation mode unit by a power characteristic
having a normal mode and a fast mode set in
advance;

a navigation mode unit by engine fuel having a

fuel mode and a gas mode set in advance; and 25
anavigation mode unit by vessel location having

a normal seagoing mode and a port mode setin
advance, and

the navigation mode conversion unit transmits a
converted navigation mode to the safety driving 30
region setting device by conversion into an ap-
propriate navigation mode among respective
modes of the navigation mode unit by an power
characteristic, the navigation mode unit by en-
gine fuel, and the navigation mode unitby vessel 35
location, according to the navigation mode de-
termined by the navigation control unit.

6. The electric propulsion control system for a vessel of
claim 1, wherein the regenerative energy control unit 40
includes,

aregenerative power estimation unit estimating

an amount of regenerative power generated
based on a current propeller speed and atorque 45
command calculated by the speed controller;

a comparison unit comparing the amount of the
regenerative power estimated by the regenera-

tive power estimation unit with the current load
amount; and 50
a torque control unit controlling a torque limita-

tion of the safety driving region setting device so

that the estimated amount of regenerative
power generated is less than or equal to the
current load amount. 55
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