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DESCRIPTION
Title of Invention: MOORING LINE TENSION CONTROL SYSTEM
Technical Field
[0001] The present disclosure relates to a system for controlling the tension of a mooring

line with which to moor a ship to, for example, a quay wall.

Background Art

[0002] Conventionally, a ship is mounted with a winch for a mooring line. Generally
speaking, the winch includes: a drum around which a mooring line is wound; a motor (a
hydraulic motor or an electric motor) that rotates the drum; a brake that prevents the drum from
rotating (i.e., brakes the drum) or allows the drum to rotate; and a clutch located between the
drum and the motor.

[0003] While the ship is in the state of mooring at a quay wall or the like with the mooring
line, the tension of the mooring line changes depending on a tide level, a load weight, wind, a
tidal current, etc. In order to monitor the mooring line tension that changes in such a manner,
Patent Literature 1 discloses mooring line monitoring equipment that detects and displays the
tension of a mooring line. The mooring line monitoring equipment provides an advantageous
effect that it becomes no longer necessary for a ship crew to go round to check the state of the
winch.

[0004] For the detection of the tension of the mooring line, the mooring line monitoring
equipment of Patent Literature 1 uses, as a drum, a split drum including a storage drum and a
tension drum, and in the ship mooring state, the mooring line is wound around the tension drum
and the radius from the center of the drum to the line of action of tension is made constant.
Also, the mooring line monitoring equipment of Patent Literature 1 uses, as a brake, a band
brake including a brake drum. A load cell is incorporated in the band brake. A measurement
value of the load cell is converted into the tension of the mooring line.

[0005] The mooring line monitoring equipment of Patent Literature 1 further includes a
mooring winch automatic controller that performs automatic control of multiple winches such

that the mooring line tension is substantially the same among the multiple winches.
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Summary of Invention

Technical Problem

[0007] However, Patent Literature 1 does not give any specific description on how the
mooring winch automatic controller controls each winch. Meanwhile, in a case where the
tension of a mooring line becomes excessively great, there is a desire to loosen the mooring line
and then rewind the mooring line without directly operating the winch.

[0008] In view of the above, an object of the present disclosure is to provide a mooring line
tension control system that makes it possible to, in a case where the tension of a mooring line
becomes excessively great, loosen the mooring line and then rewind the mooring line without

directly operating the winch.

Solution to Problem

[0009] In order to solve the above-described problems, a mooring line tension control
system according to the present disclosure includes: a drum around which a mooring line is
wound; a motor that rotates the drum in an unwinding direction and a winding direction; a band
brake that is switched between a restraining state in which the band brake prevents the drum
from rotating and a released state in which the band brake allows the drum to rotate, the band
brake including a brake drum that rotates together with the drum; a clutch that is switched
between an engaged state in which the clutch couples the drum to the motor and a disengaged
state in which the clutch separates the drum from the motor; control circuitry that controls the
motor, the band brake, and the clutch; and a load cell that measures band tension, the load cell
being incorporated in the band brake. In a ship mooring state in which the clutch is in the
disengaged state and the band brake is in the restraining state, the control circuitry calculates
tension of the mooring line based on the band tension measured by the load cell, and in a case
where the calculated tension of the mooring line is greater than a setting value, the control
circuitry switches the band brake to the released state to unwind the mooring line from the drum,
and thereafter switches the clutch to the engaged state and drives the motor to wind the mooring
line around the drum.

[0010] According to the above configuration, in a ship mooring state, in a case where the
tension of the mooring line becomes greater than the setting value, the control circuitry operates
the band brake, the clutch, and the motor to loosen the mooring line and then rewind the mooring
line. Thus, when the tension of the mooring line becomes excessively great, loosening and

rewinding of the mooring line can be performed without directly operating the winch.



Advantageous Effects of Invention
[0011] The present disclosure provides a mooring line tension control system that makes it
possible to, in a case where the tension of a mooring line becomes excessively great, loosen the

mooring line and then rewind the mooring line without directly operating the winch.

Brief Description of Drawings
[0012] FIG. 1 shows a schematic configuration of a mooring line tension control system
according to one embodiment of the present disclosure.

FIG. 2 is a sectional view taken along line II-II of FIG. 1.

FIG. 3 shows a schematic configuration of a band brake.

FIG. 4 shows a flowchart of control in a ship mooring mode.

FIG. 5 shows a variation of a winding layer number detector.

FIG. 6 shows another variation of the winding layer number detector.

FIG. 7 shows yet another variation of the winding layer number detector.

FIG. 8 shows a schematic configuration of a variation of the band brake.

Description of Embodiments

[0013] FIG. 1 and FIG. 2 show a mooring line tension control system 1 according to one
embodiment of the present disclosure. The system 1 includes: a winch 2 located on a deck 10
of a ship; control circuitry 7, which controls component machineries (a motor 22, a band brake 4,
and a clutch 24, which will be described below) of the winch 2; and an operator 8 electrically
connected to the control circuitry 7.

[0014] The winch 2 includes a drum 3 and the aforementioned motor 22. The drum 3 is
rotatably supported by a support base 30. The motor 22 rotates the drum 3. In the present
embodiment, a reduction gear 23 is located between the motor 22 and the drum 3. The winch 2
further includes the aforementioned band brake 4 and clutch 24. The band brake 4 prevents the
drum 3 from rotating (i.e., brakes the drum 3) or allows the drum 3 to rotate. The clutch 24 is
located between the drum 3 and the motor 22 (in the present embodiment, between the drum 3
and the reduction gear 23).

[0015] A mooring line 11 (the illustration of which is omitted in FIG. 1 for the purpose of
simplifying the drawing) is wound around the drum 3. Flanges 31 protrude radially outward
from both ends of the drum 3.

[0016] The band brake 4 is located along the flange 31 on the reduction gear 23 side. The

band brake 4 is switched between a restraining state in which the band brake 4 prevents the drum
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3 from rotating and a released state in which the band brake 4 allows the drum 3 to rotate.

[0017] As shown in FIG. 3, the band brake 4 includes a brake drum 41 fixed to the flange
31. Specifically, the brake drum 41 rotates together with the drum 3. The band brake 4
further includes a pair of bands 42 and 43 and a hydraulic cylinder 5. Each of the bands 42 and
43 is arc-shaped, and extends along the brake drum 41. The hydraulic cylinder 5 operates the
bands 42 and 43.

[0018] One ends of the bands 42 and 43 are coupled to each other via a pin 44. Pins 45
and 46 are located at the other ends of the bands 43 and 42, respectively. The pins 45 and 46
are connected to the hydraulic cylinder 5 by a mechanical linkage 47.

[0019] The hydraulic cylinder 5 includes therein a spring 56, which regulates the braking
force of the band brake 4 in the restraining state. To be more specific, the hydraulic cylinder 5
includes: a cylindrical tube 51; a first end plate 52 and a second end plate 53, which seal both
ends of the tube 51, respectively; and a piston 54 located in the tube 51.

[0020] The hydraulic cylinder 5 further includes a rod 55, which penetrates the first end
plate 52, the piston 54, and the second end plate 53. The rod 55 shifts together with the piston
54 while sliding on the first end plate 52 and the second end plate 53. The mechanical linkage
47 is connected to a portion of the rod 55, the portion protruding beyond the first end plate 52.
[0021] There is an actuating chamber 5a between the piston 54 and the second end plate 53,
and there is a spring chamber 5b between the piston 54 and the first end plate 52. The actuating
chamber 5a is filled with hydraulic oil, and the spring 56 is located in the spring chamber 5b.
The spring 56 urges the piston 54 toward the second end plate 53.

[0022] As shown in FIG. 1, the actuating chamber 5a is connected to a solenoid valve 72.
The solenoid valve 72 switches whether to supply the hydraulic oil to the actuating chamber 5a
or to discharge the hydraulic oil from the actuating chamber 5a. The hydraulic cylinder 5 is
controlled by the control circuitry 7 via the solenoid valve 72.  Alternatively, the band brake 4
may include an electric cylinder instead of the hydraulic cylinder 5, and the electric cylinder may
be directly controlled by the control circuitry 7.

[0023] When the hydraulic oil is supplied to the actuating chamber Sa, the rod 55 shifts in a
first direction (a direction from the second end plate 53 toward the first end plate 52) against the
urging force of the spring 56, such that the mechanical linkage 47 moves the pins 45 and 46
away from each other. Consequently, a slight gap is formed between the brake drum 41 and the
bands 42 and 43, such that the band brake 4 is brought into the released state.

[0024] On the other hand, when the hydraulic oil is discharged from the actuating chamber

5a, the rod 55 shifts in a second direction (a direction from the first end plate 52 toward the
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second end plate 53) due to the urging force of the spring 56, such that the mechanical linkage 47
moves the pins 45 and 46 toward each other. Consequently, the bands 42 and 43 tighten the
brake drum 41, such that the band brake 4 is brought into the restraining state.

[0025] The mechanical linkage 47 includes a tension bar 48, which is swingable about the
pin 45, and the tension bar 48 is coupled, via a pin 49, to a bracket 12 located on the deck 10.

In the present embodiment, the pin 45 between the tension bar 48 and the band 43 is a pin-type
load cell 40. In other words, the load cell 40 is incorporated in the band brake 4.

[0026] When the band brake 4 is brought into the restraining state, band tension F is applied
upward to the load cell 40. That is, the load cell 40 measures the band tension F.  Incidentally,
when tension P is applied to the mooring line 11, the tension P causes rotational force to be
applied to the drum 3, and upward force is applied to the load cell 40. Accordingly, the band
tension F measured by the load cell 40 significantly depends on the tension P of the mooring line
11.

[0027] The direction in which the mooring line 11 is wound around the drum 3 may be
opposite to the winding direction shown in FIG. 3. In this case, the configuration of the
mechanical linkage 47 may be changed such that downward force is applied to the load cell 40.
[0028] Further, in the present embodiment, the hydraulic cylinder 5 is configured such that
the amount of deflection of the spring 36 in the restraining state is adjustable. ~Accordingly, the
braking force of the band brake 4 is changeable.

[0029] Specifically, the rod 55 is connected to the mechanical linkage 47 via a screw
structure (not shown). A handle 57 to rotate the rod 55 is located on one end of the rod 55 in
the second direction.

[0030] In a case where a distance from a connection point where the rod 55 and the
mechanical linkage 47 are connected to each other to the piston 54 is shortened through an
operation of the handle 57, the amount of deflection of the spring 36 in the restraining state
increases, which causes an increase in the braking force. On the other hand, in a case where the
distance from the connection point where the rod 55 and the mechanical linkage 47 are
connected to each other to the piston 54 is lengthened through an operation of the handle 57, the
amount of deflection of the spring 36 in the restraining state decreases, which causes a decrease
in the braking force.

[0031] The clutch 24 is switched between an engaged state in which the clutch 24 couples
the drum 3 to the motor 22 (in the present embodiment, to the reduction gear 23) and a
disengaged state in which the clutch 24 separates the drum 3 from the motor 22 (in the present

embodiment, from the reduction gear 23). Although not illustrated, the clutch 24 includes a



6

hydraulic cylinder. The hydraulic cylinder is connected to a solenoid valve 71 (see FIG. 1), and
is controlled by the control circuitry 7 via the solenoid valve 71.  Alternatively, the clutch 24
may include an electric cylinder instead of the hydraulic cylinder, and the electric cylinder may
be directly controlled by the control circuitry 7.

[0032] The motor 22 rotates the drum 3 in an unwinding direction and a winding direction.
In the present embodiment, a near-machinery operator 21 including an operating lever is located
on the motor 22. The operating lever of the near-machinery operator 21 is operated by an
automatic operator 25. The motor 22 is controlled by the control circuitry 7 via the near-
machinery operator 21 and the automatic operator 25.

[0033] In the present embodiment, the motor 22 is a hydraulic motor including a first port
and a second port.  Specifically, when the operating lever of the near-machinery operator 21 is
inclined in one direction, the hydraulic oil is supplied to the first port of the hydraulic motor, and
also, the hydraulic oil flows out of the second port, whereas when the operating lever of the near-
machinery operator 21 is inclined in the other direction, the hydraulic oil is supplied to the
second port of the hydraulic motor, and also, the hydraulic oil flows out of the first port.
Alternatively, the motor 22 may be an electric motor.

[0034] For example, the control circuitry 7 is a computer including memories such as a
ROM and RAM, a storage such as a HDD or SSD, and a CPU. The CPU executes a program
stored in the ROM or the storage.

[0035] The operator 8, which is electrically connected to the control circuitry 7, is located,
for example, near the winch 2, or in the bridge or cargo control room of the ship. The operator
8 includes: a display 81, which displays various information for a ship crew; and an inputter 83,
which receives an input from the ship crew. The operator 8 is, for example, a touch panel.
[0036] In the present embodiment, a pressure sensor 26, which measures the supply
pressure of the hydraulic oil, is located on the motor 22, which is a hydraulic motor. The
control circuitry 7 is electrically connected also to the pressure sensor 26. Instead of the
pressure sensor 26, a torque sensor that measures the output torque of the motor 22 may be
adopted.

[0037] The control circuitry 7 is electrically connected also to the aforementioned load cell
40 and a winding layer number detector 6. The winding layer number detector 6 detects a
winding layer number N (the number of winding layers) of the mooring line 11 on the drum 3.
[0038] The winding layer number detector 6 includes: a sensor that measures a numerical
value relating to the number of winding layers of the mooring line 11; and an operational

processor that converts the numerical value measured by the sensor into the winding layer
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number N of the mooring line 11. The operational processor may be incorporated into the
control circuitry 7. In the present embodiment, the sensor that measures the numerical value
relating to the number of winding layers of the mooring line 11 is an encoder 61, which measures
the rotational angle of the drum 3.

[0039] To be more specific, the encoder 61 is located on a sprocket that is positioned away
from the drum 3. A chain is wound around the sprocket and another sprocket mounted to the
drum 3.

[0040] At the time of mooring the ship to, for example, a quay wall, after the end of the
mooring line 11 is secured to a bitt or the like on the quay wall, the drum 3 is rotated by the
motor 22 in the winding direction to stretch the mooring line 11.  Then, the band brake 4 is
switched to the restraining state, and the clutch 24 is switched to the disengaged state.
Thereafter, control in a ship mooring mode is performed by the control circuitry 7.

[0041] FIG. 4 shows a flowchart of the control in the ship mooring mode performed by the
control circuitry 7.  First, the control circuitry 7 calculates the tension P [kN] of the mooring
line 11 based on the band tension F [kN] measured by the load cell 40 and the winding layer
number N of the mooring line 11 detected by the winding layer number detector 6 (step S1).

The control circuitry 7 displays the calculated tension P on the display 81.

[0042] Specifically, the control circuitry 7 calculates the tension P of the mooring line 11 by
using the following tension calculation formula (1), which includes a tension coefficient K.

[Math. 1]

Dp

P=FX X
dp+(2xXN-1)xdg

» o (1)

Dg: brake drum diameter [mm]

dr: mooring line diameter [mm]

dp: winch drum diameter (the diameter of the drum 3) [mm)]
[0043] The tension coefficient K in the tension calculation formula (1) is calculated by
using a formula (2) shown below.

[Math. 2]

1

K:l—m "'(2)

u: frictional coefficient between the bands and the brake drum

0: contact angle between the bands and the brake drum
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As shown in FIG. 3, the contact angle 6 between the bands and the brake drum is an angle
between the center of the pin 45 and the center of the pin 46.

[0044] Thereafter, the control circuitry 7 determines whether or not the calculated tension P
of the mooring line 11 is greater than a first setting value o (step S2). In a case where the
tension P of the mooring line 11 is greater than the first setting value a (YES in step S2), the
control circuitry 7 displays, on the display 81, the tension P being greater than the first setting
value a, and waits for an input of a brake release permission by a ship crew with use of the
inputter 82 (step S3).

[0045] If the brake release permission is not inputted with the inputter 83, the flow returns
to step S1, whereas if the brake release permission is inputted with the inputter 82, the flow
proceeds to step S5.

[0046] In step S5, the control circuitry 7 switches the band brake 4 to the released state for a
predetermined time. Specifically, the control circuitry 7 switches the band brake 4 to the
released state, and then after the predetermined time has elapsed, switches the band brake 4 to
the restraining state. After the band brake 4 has been switched to the released state, while the
band brake 4 is in the released state, the mooring line 11 is unwound from the drum 3.
Thereafter, the control circuitry 7 waits for an input of a rewind permission for the mooring line
11 by the ship crew with use of the inputter 82 (step S6).

[0047] On the other hand, in a case where the tension P of the mooring line 11 is not greater
than the first setting value o (NO in step S2), the control circuitry 7 determines whether or not
the tension P of the mooring line 11 is less than a second setting value B, which is less than the
first setting value o (step S4). In a case where the tension P of the mooring line 11 is not less
than the second setting value f (NO in step S4), i.e., in the case of B < P < a, the flow returns to
step SI.  On the other hand, in a case where the tension P of the mooring line 11 is less than the
second setting value B (YES in step S4), the flow proceeds to step S6.

[0048] In step S6, if the rewind permission is not inputted with the inputter 82, the flow
returns to step S1, whereas if the rewind permission is inputted with the inputter 82, the flow
proceeds to step S7.

[0049] In step S7, the control circuitry 7 switches the clutch 24 to the engaged state.
Although not illustrated, the clutch 24 is brought into the engaged state as a result of drum-side
claws and motor-side claws meshing with each other. In the disengaged state, the drum-side
claws and the motor-side claws are separated from each other. Given the possibility that the
meshing of the claws with each other in the clutch 24 is insufficient, the control circuitry 7 drives

the motor 22 slightly (step S8). Consequently, the drum-side claws and the motor-side claws of



the clutch 24 fully mesh with each other.
[0050] Next, the control circuitry 7 switches the band brake 4 to the released state (step S9),
and thereafter, drives the motor 22 to wind the mooring line 11 around the drum 3 until the
tension P of the mooring line 11 becomes greater than a third setting value y (step S10).
[0051] The calculation of the tension P based on the measurement value of the load cell 40
cannot be performed unless the band brake 4 is in the restraining state. Therefore, in the
present embodiment, the control circuitry 7 determines that the tension P of the mooring line 11
has become greater than the third setting value y when the supply pressure of the hydraulic oil
measured by the pressure sensor 26 has exceeded a threshold value.
[0052] After the winding of the mooring line 11 is completed, the control circuitry 7
switches the band brake 4 to the restraining state (step S11), and then switches the clutch 24 to
the disengaged state (step S12). Thereafter, the flow returns to step S1.
[0053] In step S12, there is a case where even when the hydraulic cylinder of the clutch 24
is moved, the clutch 24 is not switched to the disengaged state due to friction between the claws.
In this case, the motor 22 may be driven slightly.
[0054] As described above, in the mooring line tension control system 1 of the present
embodiment, in a ship mooring state, in a case where the tension P of the mooring line 11
becomes greater than the first setting value a, the control circuitry 7 operates the band brake 4,
the clutch 24, and the motor 22 to loosen the mooring line 11 and then rewind the mooring line
11. Thus, when the tension P of the mooring line 11 becomes excessively great, loosening and
rewinding of the mooring line 11 can be performed without directly operating the winch 2.
[0055] Further, in the present embodiment, also in a case where the tension P of the
mooring line 11 becomes less than the second setting value 3, the control circuitry 7 operates the
band brake 4, the clutch 24, and the motor 22. Thus, in the ship mooring state, also when the
tension P of the mooring line 11 becomes excessively small, rewinding of the mooring line 11
can be performed without directly operating the winch 2.
[0056] (Variations)

The present disclosure is not limited to the above-described embodiment.  Various
modifications can be made without departing from the scope of the present disclosure.
[0057] For example, steps S3 and S6 may be eliminated, and thereby the determinations by
the ship crew may be made unnecessary. However, the presence of step S3 allows the ship
crew to decide the timing of loosening the mooring line 11, and the presence of step S5 allows
the ship crew to decide the timing of rewinding the mooring line 11. The determinations in

steps S3 and S5 need not be performed by the ship crew, but may be performed by artificial
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intelligence (AI).

[0058] The sensor included in the winding layer number detector 6, the sensor measuring
the numerical value relating to the number of winding layers of the mooring line 11, is not
limited to the encoder 61, which measures the rotational angle of the drum 3. For example, as
shown in FIG. 5, in a case where a holder 32, which holds down the mooring line 11 against the
drum 3, is swingable about a supporting point 33, the sensor included in the winding layer
number detector 6, the sensor measuring the numerical value relating to the number of winding
layers of the mooring line 11, may be an encoder (or an inclination sensor) 62, which measures
the angle of the holder 32.

[0059] As another example, as shown in FIG. 6, in a case where a holder 33, which holds
down the mooring line 11 against the drum 3, is reciprocable, the sensor included in the winding
layer number detector 6, the sensor measuring the numerical value relating to the number of
winding layers of the mooring line 11, may be a stroke sensor 63, which measures the position of
the holder 33.

[0060] The winding layer number detector 6 may directly detect the number of winding
layers of the mooring line 11 on the drum 3 by using a camera. Alternatively, as shown in FIG.
7, the winding layer number detector 6 may directly detect the winding layer number N of the
mooring line 11 on the drum 3 by using an infrared unit 64 located on the flange 31. In the case
of using the infrared unit 64, at a predetermined position between mooring hardware (e.g., a
guide roller for the mooring line 11) located on the deck 10 and the drum 3, the height of the
mooring line 11 from the deck 10 may be measured by using the infrared unit 64, and the height
may be converted into the winding layer number N.

[0061] Instead of using the winding layer number detector 6, a split drum including a
storage drum and a tension drum may be used as the drum 3, and in the ship mooring state, the
mooring line 11 may be wound around the tension drum and the radius from the center of the
drum 3 to the line of action of the tension P may be made constant. In this case, however, at the
time of mooring, it is necessary to perform additional work of winding the mooring line 11
around the tension drum. On the other hand, in a case where the winding layer number N of the
mooring line 11 on the drum 3 is detected by the winding layer number detector 6, the
aforementioned additional work, which is performed at the time of mooring in the case of using a
split drum, need not be performed.

[0062] Further, as shown in FIG. 8, the pin-type load cell 40, which is incorporated in the
band brake 4, may be the pin 49 between the bracket 12 located on the deck 10 and the tension

bar 48. In this case, the control circuitry 7 calculates the tension P applied to the mooring line
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11 by using the following tension calculation formula (3).

[Math. 3]
L
P=Fx dp+(2XN—-1)xdg T (3)
L: horizontal distance [mm] from the center of the drum 3 to the center of the
pin 49.

[0063] (Summary)

A mooring line tension control system according to the present disclosure includes: a
drum around which a mooring line is wound; a motor that rotates the drum in an unwinding
direction and a winding direction; a band brake that is switched between a restraining state in
which the band brake prevents the drum from rotating and a released state in which the band
brake allows the drum to rotate, the band brake including a brake drum that rotates together with
the drum; a clutch that is switched between an engaged state in which the clutch couples the
drum to the motor and a disengaged state in which the clutch separates the drum from the motor;
control circuitry that controls the motor, the band brake, and the clutch; and a load cell that
measures band tension, the load cell being incorporated in the band brake. In a ship mooring
state in which the clutch is in the disengaged state and the band brake is in the restraining state,
the control circuitry calculates tension of the mooring line based on the band tension measured
by the load cell, and in a case where the calculated tension of the mooring line is greater than a
setting value, the control circuitry switches the band brake to the released state to unwind the
mooring line from the drum, and thereafter switches the clutch to the engaged state and drives
the motor to wind the mooring line around the drum.

[0064] According to the above configuration, in a ship mooring state, in a case where the
tension of the mooring line becomes greater than the setting value, the control circuitry operates
the band brake, the clutch, and the motor to loosen the mooring line and then rewind the mooring
line. Thus, when the tension of the mooring line becomes excessively great, loosening and
rewinding of the mooring line can be performed without directly operating the winch.

[0065] The setting value may be a first setting value. In the ship mooring state, in a case
where the calculated tension of the mooring line is less than a second setting value that is less
than the first setting value, the control circuitry may switch the clutch to the engaged state, and
drive the motor to wind the mooring line around the drum. According to this configuration, in
the ship mooring state, also when the tension of the mooring line becomes excessively small,

rewinding of the mooring line can be performed without directly operating the winch.
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[0066] The above mooring line tension control system may further include a winding layer
number detector that detects the number of winding layers of the mooring line on the drum.

The control circuitry may calculate the tension of the mooring line based on the band tension
measured by the load cell and the number of winding layers of the mooring line detected by the
winding layer number detector. As the drum, a split drum including a storage drum and a
tension drum may be used, and in the ship mooring state, the mooring line may be wound around
the tension drum. In this case, however, at the time of mooring, it is necessary to perform
additional work of winding the mooring line around the tension drum. On the other hand, in a
case where the number of winding layers of the mooring line on the drum is detected by the
winding layer number detector, the additional work, which is performed at the time of mooring
in the case of using a split drum, need not be performed.

[0067] The above mooring line tension control system may further include an operator that
includes a display and an inputter. The control circuitry may display the calculated tension of
the mooring line on the display, and after a brake release permission has been inputted with the
inputter, the control circuitry may switch the band brake to the released state. This
configuration allows a ship crew to decide the timing of loosening the mooring line.

[0068] For example, the band brake may include: a pair of bands, each of which extends
along the brake drum; and a hydraulic cylinder that operates the pair of bands. The control

circuitry may control the hydraulic cylinder via a solenoid valve.
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CLAIMS
l. A mooring line tension control system comprising:

a drum around which a mooring line is wound;

a motor that rotates the drum in an unwinding direction and a winding direction;

a band brake that is switched between a restraining state in which the band brake
prevents the drum from rotating and a released state in which the band brake allows the drum to
rotate, the band brake including a brake drum that rotates together with the drum;

a clutch that is switched between an engaged state in which the clutch couples the
drum to the motor and a disengaged state in which the clutch separates the drum from the motor;

control circuitry that controls the motor, the band brake, and the clutch; and

a load cell that measures band tension, the load cell being incorporated in the band
brake, wherein

in a ship mooring state in which the clutch is in the disengaged state and the band
brake is in the restraining state, the control circuitry calculates tension of the mooring line based
on the band tension measured by the load cell, and in a case where the calculated tension of the
mooring line is greater than a setting value, the control circuitry switches the band brake to the
released state to unwind the mooring line from the drum, and thereafter switches the clutch to the

engaged state and drives the motor to wind the mooring line around the drum.

2. The mooring line tension control system according to claim 1, wherein

the setting value is a first setting value, and

in the ship mooring state, in a case where the calculated tension of the mooring line
is less than a second setting value that is less than the first setting value, the control circuitry
switches the clutch to the engaged state, and drives the motor to wind the mooring line around

the drum.

3. The mooring line tension control system according to claim 1 or 2, further
comprising a winding layer number detector that detects the number of winding layers of the
mooring line on the drum, wherein

the control circuitry calculates the tension of the mooring line based on the band
tension measured by the load cell and the number of winding layers of the mooring line detected

by the winding layer number detector.

4. The mooring line tension control system according to any one of claims 1 to 3,
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further comprising an operator that includes a display and an inputter, wherein
the control circuitry displays the calculated tension of the mooring line on the
display, and after a brake release permission has been inputted with the inputter, the control

circuitry switches the band brake to the released state.

5. The mooring line tension control system according to any one of claims 1 to 4,
wherein
the band brake includes:
a pair of bands, each of which extends along the brake drum; and
a hydraulic cylinder that operates the pair of bands, and

the control circuitry controls the hydraulic cylinder via a solenoid valve.





