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DESCRIPTION
Title of Invention: MOORING LINE TENSION MONITORING SYSTEM
Technical Field

[0001] The present disclosure relates to a mooring line tension monitoring system.
Background Art
[0002] A ship is mounted with a winch for a mooring line. The mooring line is used to

moor the ship to, for example, a quay wall. While the ship is moored, changes in
oceanographic or weather conditions may cause excessive tension to be applied to the mooring
line, and as a result, breakage of the mooring line may occur. In light of this, it is desired that
the tension of the mooring line be monitored while the ship is moored.

[0003] For example, Patent Literature 1 discloses a mooring line tension monitoring system
capable of monitoring the tension of a mooring line while a ship is moored (in Patent Literature
1, this system is referred to as a “mooring line monitoring device”. In this system, a split drum
including a storage drum and a tension drum is used as a winch drum, and a load cell is
incorporated in a band brake including a brake drum. While the ship is moored, the mooring
line is wound around the tension drum of the winch drum and the radius from the center of the
winch drum to the line of action of tension is made constant. A load measured by the load cell

is converted into mooring line tension.

Citation List
Patent Literature

[0004] Japanese Laid-Open Patent Application Publication No. 2002-211478

Summary of Invention

Technical Problem

[0005] However, the length of the split drum is greater than the length of an ordinary winch
drum (i.e., the width in the axial direction of the split drum is greater than the width in the axial
direction of an ordinary winch drum) by the length (i.e., the width in the axial direction) of the
tension drum. Therefore, in a case where the split drum is used, the installation location of the
winch is restricted.  In addition, in the case of the mooring line tension monitoring system of
Patent Literature 1, at the time of mooring, it is necessary to perform work of winding the
mooring line around the tension drum.

[0006] In view of the above, an object of the present disclosure is to provide a mooring line
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tension monitoring system capable of monitoring the tension of a mooring line without using a

split drum while a ship is moored.

Solution to Problem

[0007] In order to solve the above-described problems, a mooring line tension monitoring
system according to the present disclosure includes: a winch drum, around which a mooring line
is wound; a band brake including a brake drum that rotates together with the winch drum; a
winding layer number detector that detects the number of winding layers of the mooring line on
the winch drum; a load cell that is incorporated in the band brake and that measures band
tension; and control circuitry that calculates tension applied to the mooring line based on the
number of winding layers of the mooring line detected by the winding layer number detector and
the band tension measured by the load cell.

[0008] According to the above configuration, the winding layer number detector detects the
number of winding layers of the mooring line on the winch drum. Therefore, the tension of the
mooring line can be calculated by using the detected number of winding layers, instead of
making constant the radius from the center of the winch drum to the line of action of the tension.
This makes it possible to monitor the tension of the mooring line without using a split drum

while a ship is moored.

Advantageous Effects of Invention
[0009] The present disclosure provides a mooring line tension monitoring system capable of

monitoring the tension of a mooring line without using a split drum while a ship is moored.

Brief Description of Drawings
[0010] FIG. 1 is a front view of a mechanical part of a mooring line tension monitoring
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 variation of a winding layer number detector.

FIG. 5 shows another variation of the winding layer number detector.

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

FIG. 7 shows a schematic configuration of a variation of the band brake.

Description of Embodiments
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[0011] FIG. 1 and FIG. 2 show a mooring line tension monitoring system 1 according to
one embodiment of the present disclosure. The system 1 includes: a winch drum 3, which is
rotatably supported by a support base 30 located on a deck 10 of a ship; and a band brake 4,
which allows the winch drum 3 to rotate, or prevents the winch drum 3 from rotating (i.e., brakes
the winch drum 3).

[0012] A mooring line 11 (the illustration of which is omitted in FIG. 1 for the purpose of
simplifying the drawing) is wound around the winch drum 3. Flanges 31 protrude radially
outward from both sides of the winch drum 3, respectively.

[0013] The winch drum 3 is driven by a prime mover 22 via a reduction gear 23. The band
brake 4 is located along the flange 31 on the reduction gear 23 side. A clutch 24 is located
between the band brake 4 and the reduction gear 23. In the present embodiment, the clutch 24
is a manually operated clutch.

[0014] The prime mover 22 may be an electric motor, or may be a hydraulic motor. In the
present embodiment, the prime mover 22 includes an operator 21, and the prime mover 22 is
manually operated. Alternatively, the prime mover 22 may be electrically controlled by below-
described control circuitry 8.

[0015] In the present embodiment, the band brake 4 is a manually operated band brake.
Specifically, as shown in FIG. 3, the band brake 4 includes a brake drum 41 fixed to the flange
31. That is, the brake drum 41 rotates together with the winch drum 3. The band brake 4
further includes a pair of arc-shaped bands 42 and 43. One end of the band 42 and one end of
the band 43 are coupled to each other via a pin 44. A pin 45 is located at the other end of the
band 42, and a pin 46 is located at the other end of the band 43.

[0016] The pins 45 and 46 are coupled to a mechanical linkage 47. The mechanical
linkage 47 moves the pins 45 and 46 toward each other, or away from each other, in accordance
with rotation of an operating shaft 48. The mechanical linkage 47 is coupled, via a pin 49, to a
support pillar 12 located on the deck 10. In the present embodiment, the pin 45, which is
positioned immediately above the support pillar 12, is a pin-type load cell 5. In other words,
the load cell 5 is incorporated in the band brake 4.

[0017] When the pins 45 and 46 are moved toward each other by the mechanical linkage 47
such that the bands 42 and 43 tighten the brake drum 41, band tension F is applied upward to the
load cell 5. That is, the load cell 5 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 winch
drum 3, and upward force is applied to the load cell 5. Accordingly, the band tension F

measured by the load cell 5 significantly depends on the tension P of the mooring line 11.
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[0018] At the time of mooring, after the mooring line 11 secured to a bitt or the like on a
quay wall is wound around the winch drum 3 by the prime mover 22, the band brake 4 is
tightened and the clutch 24 is disengaged.

[0019] As shown in FIG. 2, the mooring line tension monitoring system 1 further includes:
a winding layer number detector 6, which detects the number of winding layers (hereinafter, also
referred to as a “winding layer number”) of the mooring line 11 on the winch drum 3; and the
aforementioned control circuitry 8, which is electrically connected to the winding layer number
detector 6 and the load cell 5. The control circuitry 8 is electrically connected also to a display
9. The display 9 is installed, for example, near the winch, or in the bridge or cargo control
room of the ship.

[0020] For example, the control circuitry 8 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.

[0021] 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 number of winding
layers of the mooring line. The operational processor may be incorporated in the control
circuitry 8. 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 winch drum 3.

[0022] To be more specific, the encoder 61 is located on a sprocket that is positioned away
from the winch drum 3. A chain is wound around the sprocket and another sprocket mounted to
the winch drum 3.

[0023] The control circuitry 8 calculates tension P [kN] applied to the mooring line 11 based
on a winding layer number N of the mooring line 11 detected by the winding layer number
detector 6 and band tension F [kN] measured by the load cell 5. The control circuitry 8 outputs
the calculated tension P to the display 9.

[0024] Specifically, the control circuitry 8 calculates the tension P applied to the mooring
line 11 by using the following tension calculation formula (1), which includes a tension
coefficient K and a calibration coefficient a.

[Math. 1]

Dp
dp+(2XN—-1)xdg

P=FX XKXa -+ - +(1)



Dg: brake drum diameter [mm]

dr: mooring line diameter [mm]

dp: winch drum diameter [mm]
[0025] The tension coefficient K in the tension calculation formula (1) is calculated by
using a formula (2) shown below.

[Math. 2]

1
e(y,><9)

K=1 - (2)

p: frictional coefficient between the bands and the brake drum

0: contact angle between the bands and the brake drum
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.
[0026] In relation to the calibration coefficient a in the tension calculation formula (1), the
mooring line tension monitoring system 1 includes a calibrator 7 as shown in FIG. 2. In an
initial state, the control circuitry 8 sets the calibration coefficient a to 1.0.
[0027] The calibrator 7 is equipment to check, when the ship is not moored, a relationship
between the band tension F of the band brake 4 and virtual tension Py of the mooring line 11 ata
rated winding layer number N, which is a rated number of winding layers, of the mooring line
11. The rated winding layer number N is arbitrarily set to, for example, 1 to 3 layers.
[0028] Specifically, the calibrator 7 includes: a triangular link plate 71, which is non-
rotatably coupled to the flange 31 and which protrudes laterally from the flange 31; a jack (a
hydraulic cylinder) 72, which moves the distal end of the link plate 71 upward/downward; and a
hand pump 73 connected to the jack 72 by a hose 74. Pressure P: of a hydraulic liquid
pressurized by the hand pump 73 is measured by a pressure sensor 75. The configuration of the
calibrator 7 is not limited to this example, but is modifiable as necessary.
[0029] In a state where the ship is not moored, when the hand pump 73 is operated with the
band brake 4 being tightened, the hydraulic liquid is fed to the jack 72 through the hose 74, and
the jack 72 is extended. As a result of the jack 72 being extended, the band tension F of the
band brake 4 measured by the load cell 5 increases. The control circuitry 8 calculates the
virtual tension Py [kN] of the mooring line 11 by using a formula (3) shown below.
[Math. 3]

_ PyxDyx10
T 2XLXAg

- (3)
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P:: Pressure [MPa] measured by the pressure sensor 75

L: distance [mm] from the center of the winch drum 3 to the center of the jack 72

As: head side pressure receiving area [mm?] of the hydraulic cylinder, which is the
jack 72

Dr: mooring line center circle diameter of the surface layer at the rated winding layer
number Nr

Dr=dp + Nr X dr

[0030] Based on a result of the checking by the calibrator 7, the control circuitry 8 sets the
calibration coefficient a. Depending on the result of the checking by the calibrator 7, in some
cases, the calibration coefficient a may remain 1.0, and in other cases, the calibration coefficient
a may be set to less than 1.0, or set to greater than 1.0.
[0031] To be more specific, the control circuitry 8 substitutes the band tension F that is
measured by the load cell 5 when the virtual tension Py of the mooring line 11 is calculated by
using the formula (3) into the formula (1), and sets the calibration coefficient a such that the
tension P calculated by using the formula (1) coincides with the virtual tension Py of the mooring
line 11 calculated by using the formula (3).
[0032] As described above, in the mooring line tension monitoring system 1 of the present
embodiment, the winding layer number detector 6 detects the winding layer number N of the
mooring line 11 on the winch drum 3. Therefore, the tension P of the mooring line 11 can be
calculated by using the detected winding layer number N, instead of making constant the radius
from the center of the winch drum to the line of action of the tension. This makes it possible to
monitor the tension P of the mooring line 11 without using a split drum while the ship is moored.
Also, since the calculated tension P is outputted from the control circuitry 8 to the display 9, a
ship crew looking at the display 9 can know the tension P of the mooring line 11.
[0033] If the tension P of the mooring line 11 exceeds a specific value, the control circuitry
8 causes an unshown alarm to generate an alarm sound. A ship crew who has heard the alarm
sound releases the band brake 4. Consequently, the mooring line 11 is unwound. Thereafter,
the ship crew engages the clutch and winds the mooring line 11 around the winch drum 3.
Then, the ship crew tightens the band brake 4, and disengages the clutch 24.
[0034] (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.
[0035] For example, 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,
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is not limited to the encoder 61, which measures the rotational angle of the winch drum 3. As
one example, as shown in FIG. 4, in a case where a holder 32, which holds down the mooring
line 11 against the winch 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.

[0036] As another example, as shown in FIG. 5, in a case where a holder 33, which holds
down the mooring line 11 against the winch 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.

[0037] The winding layer number detector 6 may directly detect the number of winding
layers of the mooring line 11 on the winch drum 3 by using a camera. Alternatively, as shown
in FIG. 6, the winding layer number detector 6 may directly detect the number of winding layers
of the mooring line 11 on the winch 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 winch 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 number of winding layers.

[0038] The calibrator 7 may be eliminated, and the tension calculation formula (1) need not
include the calibration coefficient a. However, in the case of including the calibrator 7 and
setting the calibration coefficient a in the tension calculation formula (1) based on the result of
the checking by the calibrator 7 as in the above-described embodiment, the tension P of the
mooring line 11 can be calculated precisely.

[0039] Further, although the band brake 4 is operated manually in the above-described
embodiment, the band brake 4 may be operated electrically. In this case, when the tension P of
the mooring line 11 calculated by the control circuitry 8 exceeds the specific value, the control
circuitry 8 may release the band brake 4. In a case where not only the band brake 4, but also
the clutch 24 is operated electrically, after the band brake 4 is released, the control circuitry 8
may engage the clutch 24 and wind the loose mooring line 11 around the winch drum 3.  Such a
configuration is useful for reducing the number of ship crews and for autonomous navigation.
[0040] Further, as shown in FIG. 8, the pin-type load cell 5 incorporated in the band brake 4
may be the pin 49 between the support pillar 12 located on the deck 10 and the mechanical

linkage 47. In this case, the control circuitry 8 calculates the tension P applied to the mooring
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line 11 by using the following tension calculation formula (4).

[Math. 4]
L
P =F X o xas (4)
L: horizontal distance [mm] from the center of the winch drum 3 to the center of the
pin 49

[0041] (Summary)

A mooring line tension monitoring system according to the present disclosure
includes: a winch drum, around which a mooring line is wound; a band brake including a brake
drum that rotates together with the winch drum; a winding layer number detector that detects the
number of winding layers of the mooring line on the winch drum; a load cell that is incorporated
in the band brake and that measures band tension; and control circuitry that calculates tension
applied to the mooring line based on the number of winding layers of the mooring line detected
by the winding layer number detector and the band tension measured by the load cell.

[0042] According to the above configuration, the winding layer number detector detects the
number of winding layers of the mooring line on the winch drum. Therefore, the tension of the
mooring line can be calculated by using the detected number of winding layers, instead of
making constant the radius from the center of the winch drum to the line of action of the tension.
This makes it possible to monitor the tension of the mooring line without using a split drum
while a ship is moored.

[0043] The control circuitry may output the calculated tension to a display. According to
this configuration, a ship crew looking at the display can know the tension of the mooring line.
[0044] The above mooring line monitoring system may further include a calibrator to check,
when a ship is not moored, a relationship between band tension of the band brake and virtual
tension of the mooring line at a rated number of winding layers of the mooring line. The
control circuitry may: calculate the tension applied to the mooring line by using a tension
calculation formula including a calibration coefficient; and set the calibration coefficient based
on a result of checking by the calibrator. This configuration makes it possible to precisely

calculate the tension of the mooring line.

Reference Signs List
[0045] 1 mooring line monitoring system

11 mooring line



winch drum

band brake

brake drum

load cell

winding layer number detector
calibrator

control circuitry

display
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CLAIMS

l. A mooring line tension monitoring system comprising:

a winch drum, around which a mooring line is wound;

a band brake including a brake drum that rotates together with the winch drum,;

a winding layer number detector that detects the number of winding layers of the
mooring line on the winch drum;

a load cell that is incorporated in the band brake and that measures band tension; and

control circuitry that calculates tension applied to the mooring line based on the
number of winding layers of the mooring line detected by the winding layer number detector and

the band tension measured by the load cell.

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

the control circuitry outputs the calculated tension to a display.

3. The mooring line tension monitoring system according to claim 1 or 2, further
comprising a calibrator to check, when a ship is not moored, a relationship between band tension
of the band brake and virtual tension of the mooring line at a rated number of winding layers of
the mooring line, wherein
the control circuitry:
calculates the tension applied to the mooring line by using a tension calculation
formula including a calibration coefficient; and

sets the calibration coefficient based on a result of checking by the calibrator.





