EP 4 053 067 A1

(19) Europdisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 4 053 067 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
07.09.2022 Bulletin 2022/36

(21) Application number: 19950253.5

(22) Date of filing: 31.10.2019

(51) International Patent Classification (IPC):
B66C 23/52(2006.01)

(562) Cooperative Patent Classification (CPC):
B66C 23/52

(86) International application number:
PCT/JP2019/042956

(87) International publication number:
WO 2021/084726 (06.05.2021 Gazette 2021/18)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Oshima Shipbuilding Co. Ltd.
Nagasaki 857-2494 (JP)

(72) Inventors:
¢ HIRAI, Kazuhisa
Saikai-shi, Nagasaki 857-2494 (JP)
*« HAYASHIDA, Kazuya
Saikai-shi, Nagasaki 857-2494 (JP)
* SADAMATSU, Kyota
Saikai-shi, Nagasaki 857-2494 (JP)

(74) Representative: V.O.
P.O. Box 87930
2508 DH Den Haag (NL)

(54) CRANE DEVICE FOR SHIPS

(57)  Provided is a crane apparatus for a ship, which
is configured to optimize the inboard electric power, par-
ticularly the electric power for cargo handling, thereby
curbing the impact on the environmental burden and im-
proving the efficiency. In order to realize such crane ap-
paratus, one aspect of the present invention is a crane
apparatus (10) for a ship (1) equipped with an electric
deck crane (210), the crane apparatus (10) including; a

motor (220) driving the electric deck crane (210); a
crane-side battery (230) attached to the electric deck
crane (210); a generator (110) provided on a hull of the
ship; a hull-side battery (130) provided on the hull; and
wiring (300) connecting the motor (220), the crane-side
battery (230), the generator (110), and the hull-side bat-
tery (130).
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Description
Technical Field

[0001] The present invention relates to a crane appa-
ratus for a ship.

Background Art

[0002] A ship equipped with a deck crane on board is
used as a cargo ship (e.g., a chip carrier) (see Patent
Publication JP2010-285271A, for example). An electric
deck crane used for cargo handling, for example, is con-
figured to perform necessary operations such as hoisting,
luffing, and slewing by means of a motor.

Citation List
Patent Document

[0003] Patent
JP2010-285271A

Document 1: Patent Publication

Summary
Technical Problem

[0004] However, from the viewpoint of optimizing the
inboard electric power (particularly the electric power for
cargo handling), there is still room for improvement in the
conventional electric deck crane or crane apparatus in-
cluding said conventional electric deck crane.

[0005] Therefore, an object of the present invention is
to provide a crane apparatus for a ship, which is config-
ured to optimize the inboard electric power, particularly
the electric power for cargo handling, thereby curbing the
impact on the environmental burden and improving the
efficiency.

Solution to Problem

[0006] One aspect of the present invention is a crane
apparatus for a ship equipped with an electric deck crane,
the crane apparatus including:

a motor driving the electric deck crane;

a crane-side battery attached to the electric deck
crane;

a generator provided on a hull of the ship;
a hull-side battery provided on the hull; and

wiring connecting the motor, the crane-side battery,
the generator, and the hull-side battery.

[0007] Inthe conventional electric crane apparatus, al-
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though regenerative electric power is used as the inboard
electric power, the excess electric power may be con-
sumed as heat by a resistor provided on the ship, possibly
wasting energy. According to the crane apparatus of the
foregoing aspect, on the other hand, the inboard electric
power, particularly the electric power for cargo handling
can be optimized by utilizing the batteries, thereby curb-
ing the impact on the environmental burden and improv-
ing the efficiency.

[0008] The hull-side battery of the crane apparatus ac-
cording to the foregoing aspect may be composed of a
battery such as a lithium-ion battery that has a higher
energy density than the crane-side battery.

[0009] The crane-side battery of the crane apparatus
according to the foregoing aspect may be composed of
a battery capable of charging and discharging more rap-
idly than the hull-side battery, such as a lithium-ion bat-
tery or a capacitor with a high capacity rate.

[0010] The motor of the crane apparatus according to
the foregoing aspect may be any of a wire hoisting motor,
a luffing motor, and a slewing motor.

[0011] Inthe crane apparatus according to the forego-
ing aspect, a hull-side system may be provided with a
hull-side control unit, and a crane-side system may be
provided with a crane-side control unit. In such a case,
a switchboard may be provided between the hull-side
control unit and the crane-side control unit.

Advantageous Effects of Invention

[0012] The present invention can provide a crane ap-
paratus for a ship, which is configured to optimize the
inboard electric power, particularly the electric power for
cargo handling, thereby curbing the impact on the envi-
ronmental burden and improving the efficiency.

Brief Description of Drawings

[0013]
Fig. 1 is a diagram schematically illustrating a con-
figuration of a crane apparatus according to an em-
bodiment of the present invention;
Fig. 2 is a block diagram illustrating a configuration
example of a hull-side system and a crane-side sys-

tem of the crane apparatus;

Fig. 3 is a side view for explaining a hoisting/lowering
operation of an electric deck crane;

Fig. 4 is a side view for explaining a luffing [up)/luffing
[down] operation of the electric deck crane;

Fig.5isaplanview forexplaining a slewing operation
of the electric deck crane; and

Fig. 6 is a graph for explaining a brief overview of
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peak shaving/charging performed in the crane ap-
paratus.

Description of Embodiments

[0014] Preferredembodiments of the presentinvention
are now described hereinafter with reference to the ac-
companying drawings.

[0015] A crane apparatus 10 is an apparatus for a ship
equipped with an electric deck crane 210. The crane ap-
paratus 10 according to the present embodiment in-
cludes a hull-side system 100 provided on the hull (ship)
1 side and a crane-side system 200 (see Figs. 1 and 2).
[0016] The hull-side system 100 includes a generator
110, a hull-side battery 130, a hull-side control unit 140,
and a switchboard 150. The crane-side system 200 in-
cludes an electric deck crane 210, a motor 220, a crane-
side battery 230, and a crane-side control unit 240 (see
Figs. 1 and 2).

[0017] The generator 110 is a device that generates
electricity by utilizing power of an engine 20 in the hull 1
(see Fig. 2). For example, in the crane apparatus 10 of
the present embodiment, three generators 111, 112, and
113, generators No. 1 to No. 3, are arranged in the hull
1, constituting the crane apparatus 10 (see Fig. 1).
[0018] Of at least two batteries provided in the crane
apparatus 10, the hull-side battery 130 is the one provid-
ed in the hull 1. The hull-side battery 130 of the present
embodiment is composed of a battery having a higher
energy density than the crane-side battery 230. A pre-
ferred example of such hull-side battery 130 is a lithium-
ion battery. The hull-side battery 130 of the present em-
bodiment is connected to the hull-side control unit 140
via a battery control unit 132 (Fig. 2).

[0019] The hull-side control unit 140 is a control unit
provided in the hull-side system 100. Such hull-side con-
trol unit 140 of the present embodiment configured by an
EMS keeps the amount of electric power of each of the
generators 111, 112, and 113 constant at all times and
manages the amount of charge/discharge of the hull-side
battery 130.

[0020] The electric deck crane 210 of the crane-side
system 200 is a crane apparatus configured to perform
necessary operations such as a hoisting/lowering oper-
ation of hook 216 (or sometimes a bucket shown in Fig.
1) (see Fig. 3), an luffing [up)/luffing [down] operation of
ajib (arm) 214 (see Fig. 4), and a slewing operation of a
crane body 212 (see Fig. 5). For example, three electric
deck cranes 210, electric deck cranes No. 1 to No. 3, are
installed in the hull 1 of the present embodiment (see Fig.
1), but Figs. 2 to 5 illustrate only one of these electric
deck cranes as a representative example.

[0021] The motor 220 provides driving force for caus-
ing the electric deck cranes 210 to perform necessary
operations. In the crane-side system 200 of the present
embodiment, the electric deck cranes 210 are provided
with a hoisting motor 220A, a luffing motor 220B, and a
slewing motor 220C, respectively (see Fig. 2). These mo-
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tors 220 (hoisting motor 220A, luffing motor 220B, and
slewing motor 220C) are connected to the crane-side
control unit 240 via respective inverters 222 (a hoisting
motor inverter 222A, a luffing motor inverter 222B, and
a slewing motor inverter 222C) (see Fig. 2).

[0022] The the crane-side battery 230 is a battery at-
tached to each electric deck crane 210. The crane-side
battery 230 of the present embodiment is composed of
a battery capable of charging and discharging more rap-
idly than the hull-side battery 130, and is provided for
each electric deck crane. A favorable example of such
crane-side battery 230 is a battery composed of a lithium-
ion battery or a capacitor with a high capacity rate. The
crane-side battery 230 of the present embodiment is con-
nected to the crane-side control unit 240 via a battery
control unit 232 (see Fig. 2).

[0023] The crane-side control unit 240 is a control unit
provided in the crane-side system 200. The crane-side
control unit 240 of the present embodiment performs var-
ious types of control on the electric deck crane 210, such
as managing the amount of charge/discharge of the
crane-side battery 230.

[0024] As described above, the components constitut-
ing the crane apparatus 10, that is, the motor 220, the
crane-side battery 230, the generators 110, the hull-side
battery 130 and the like, are connected by wiring 300.
[0025] A switchboardis provided between the hull-side
control unit 140 and the crane-side control unit 240. For
example, in the present embodiment, the switchboard
150 is provided on the wiring 300 on the hull-side system
100 side (see Fig. 2).

[0026] Next, operations for carrying out a cargo han-
dling operation by the crane apparatus 10 of the present
embodiment, electric power fluctuations, and the like will
be described step by step (see Fig. 6).

(1) Prior to hoisting

[0027] In the stage prior to the hoisting operation (the
stage prior to starting the cargo handling operation), the
hull-side battery 130 is being charged from the generator
110.

(2) Hoist

[0028] The hoisting motor 220A is driven to perform
the hoisting operation. At the start of hoisting, the crane-
side battery 230 discharges to supply electric power to
the hoisting motor 220A, and thereafter the hull-side bat-
tery 130 discharges to supply electric power to the hoist-
ing motor 220A.

(3) Luffing [down]

[0029] The both batteries (the hull-side battery 130 and
the crane-side battery 230) are charged with regenera-
tive electric power that is generated in the luffing motor
220B to perform the luffing [down] operation.
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(4) Luffing [down] and slewing

[0030] The both batteries (the hull-side battery 130 and
the crane-side battery 230) are charged with the regen-
erative electric power thatis generated in the luffing motor
220B to perform the luffing [down] operation.

(5) Lower

[0031] Theboth batteries (the hull-side battery 130 and
the crane-side battery 230) are charged with regenera-
tive electric power that is generated in the hoisting motor
220A to perform the lowering operation.

(6) Grab a cargo

[0032] A grabbing operation for grabbing a cargo by
the bucket (or an operation for hooking a cargo by the
hook 216) is performed.

(7) Hoist

[0033] The hoisting motor 220A is driven to perform
the hoisting operation. In so doing, the crane-side battery
230 discharges to supply electric power to the hoisting
motor 220A.

(8) Luffing [up]

[0034] The luffing motor 220B is driven to perform the
luffing [up] operation. At the start of luffing [up], the crane-
side battery 230 discharges to supply electric power to
the luffing motor 220B, and thereafter the hull-side bat-
tery 130 discharges to supply electric power to the luffing
motor 220B.

(9) Slewing

[0035] The slewing operation is performed during or
after the luffing operation. In this slewing operation, the
hull-side battery 130 discharges to supply electric power
to the luffing motor 220B and/or the slewing motor 220C.

(10) Luffing [down]

[0036] The both batteries (the hull-side battery 130 and
the crane-side battery 230) are charged with the regen-
erative electric power thatis generated in the luffing motor
220B to perform the luffing [down] operation.

(11) Lower

[0037] Theboth batteries (the hull-side battery 130 and
the crane-side battery 230) are charged with the regen-
erative electric power that is generated in the hoisting
motor 220A to perform the lowering operation.

[0038] In the cargo handling operation that has been
described step by step from (1) to (11) above, the crane
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apparatus 10 of the present embodiment is operated in
accordance with the fluctuating electric power demand
of the electric deck crane 210. Specifically, the electric
power is supplied (discharged) from the hull-side battery
130tothe electricdeck crane 210 when the electric power
demand thereof exceeds the amount of electric power
supply, and the electric power is stored (charged) in the
hull-side battery 130 when the electric power demand of
the electric deck crane 210is below the amount of electric
power supply. During a single cargo handling cycle (typ-
ically for approximately 200 seconds), discharge and
charge are switched once or twice. When the hoist-
ing/luffing motors 220A and 220B start to move, each of
the motors instantaneously (for 1 to 2 seconds) requires
several toten times as much electric power as the electric
power required during steady rotation. This instantane-
ous electric power demand occurs once or twice during
a single cargo handling cycle. This instantaneous electric
power demand is supplied (discharged) from the crane-
side battery 230. In addition, the regenerative electric
power that is generated by the reverse rotation (lowering,
etc.) of the hoisting/luffing motors 220A and 220B during
a cargo handling cycle is charged to the crane-side bat-
tery 230.

[0039] In the crane apparatus 10 of the present em-
bodiment, the crane-side system 200 is characterized in
responding to an instantaneous electric power demand,
and the hull-side system 100 is characterized in balanc-
ing the electric power demand relatively gently. There-
fore, it is preferred that a rapid charge/discharge com-
patible battery be used for the crane-side battery 230,
that a capacity storage battery be used for the hull-side
battery 130, and that the charge/discharge timing be em-
ployed in accordance with the characteristics of said bat-
teries.

[0040] Moreover, in the crane apparatus 10 of the
present embodiment, balancing of all the electric power
supply/demand is controlled by the hull-side control unit
140 and the crane-side control unit 240, and the crane
apparatus 10 can be operated at a constant generator
output, improving the fuel efficiency. Thus, a highly effi-
cient system can be realized. As a result, the generators
110 make no load fluctuations, thereby achieving fuel
saving. Another advantage is that, even when performing
cargo handling with the electric power received from the
outside, the amount of the electric power received can
be reduced.

[0041] Also, according to the crane apparatus 10 of
the present embodiment, cost reduction, energy saving,
reduction of the environmental burden and the like can
be accomplished by utilizing the batteries. Specifically,
the following are achieved:

1) Optimization of the capacities of the generators
(the sizes of the generators can be reduced by uti-
lizing the batteries).

2) Optimization of the efficiency of the generation
engine with the assistance of the batteries.
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3) Power peak shaving in cargo handling by means
of the batteries (see Fig. 6).

4) At the time of cargo handling, charging the batter-
ies with the regenerative electric power generated
when lowering the crane.

[0042] Now,the above 3)will be explained supplemen-
tarily. Let it be assumed that the curve of the electric
power used in cargo handling using a crane apparatus
for a typical ship is as shown in Fig. 6. By utilizing the
batteries of the crane apparatus 10 of the present em-
bodiment, the amount of electric power that exceeds a
predetermined output value X [kW] obtained when a con-
stant output operation is performed by the generator 110
can be reduced (power peak shaving), and the electric
power that is generated by the generator 110 when the
required electric power is less than 0 [kW] can be stored
in the batteries (see Fig. 6).

[0043] Although the foregoing embodiment is an ex-
ample of a preferred embodiment of the present inven-
tion, the present invention is not limited thereto; the
present invention can be modified and implemented in
various ways without departing from the gist of the
present invention.

Industrial Applicability

[0044] The presentinvention can favorably be applied
to a crane apparatus for a ship equipped with an electric
deck crane.

Reference Signs List

[0045]

1 Hull (ship)
10 Crane apparatus

20 Engine

100  Hull-side system

110  Generator

130  Hull-side battery

132  Battery control unit
140  Hull-side control unit
150  Switchboard

200 Crane-side system
210  Electric deck crane
212 Crane body

214 Jib

216 Hook

220  (Hoisting/luffing/slewing) motor
222 Inverter

230 Crane-side battery
232  Battery control unit
240 Crane-side control unit
300  Wiring
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Claims

1. A crane apparatus for a ship equipped with an elec-
tric deck crane, the crane apparatus comprising:

a motor driving the electric deck crane;
acrane-side battery attached to the electric deck
crane;

a generator provided on a hull of the ship;

a hull-side battery provided on the hull; and
wiring connecting the motor, the crane-side bat-
tery, the generator, and the hull-side battery.

2. The crane apparatus for a ship according to claim 1,
wherein the hull-side battery is composed of a bat-
tery having a higher energy density than the crane-
side battery.

3. The crane apparatus for a ship according to claim 1
or 2, wherein the crane-side battery is composed of
a battery capable of charging and discharging more
rapidly than the hull-side battery.

4. The crane apparatus for a ship according to any one
of claims 1 to 3, wherein the motor is any of a wire
hoisting motor, a luffing motor, and a slewing motor.

5. The crane apparatus for a ship according to any one
of claims 1 to 4, wherein the hull-side system is pro-
vided with a hull-side control unit, and the crane-side
system is provided with a crane-side control unit.

6. The crane apparatus for a ship according to claim 5,
wherein a switchboard is provided between the hull-
side control unit and the crane-side control unit.

Amended claims under Art. 19.1 PCT

1. (Amended) A crane apparatus for a ship equipped
with an electric deck crane, the crane apparatus
comprising:

a motor driving the electric deck crane;
acrane-side battery attached to the electric deck
crane;

a generator provided on a hull of the ship;

a hull-side battery that is composed of a battery
having a higher energy density than the crane-
side battery and is provided on the hull; and
wiring connecting the motor, the crane-side bat-
tery, the generator, and the hull-side battery.

2. (Deleted)

3. (Amended) The crane apparatus for a ship according
to claim 1 wherein the crane-side battery is com-
posed of a battery capable of charging and discharg-
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ing more rapidly than the hull-side battery.

(Amended) The crane apparatus for a ship according
to any one of claim 1 or 3, wherein the motor is any
of awire hoisting motor, a luffing motor, and a slewing
motor.

(Amended) The crane apparatus for a ship according
to any one of claims 1, 3, and 4, wherein the hull-
side system is providedmth a hull-side control unit,
and the crane-side system is provided with a crane-
side control unit.

The crane apparatus for a ship according to claim 5,
wherein a switchboard is provided between the hull-
side control unit and the crane-side control unit.
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