
PNEUMATIC FENDER 

TECHNICAL FIELD 
[0001] 

5 The present invention relates to a pneumatic fender, and more particularly 
relates to a pneumatic fender that is capable of being greatly enlarged during use 
compared with when it is not being used, such as during storage, transport, and the 
like. 

10 BACKGROUND ART 
[0002] 

A pneumatic fender is used, for example, when transferring crude oil 
between two adjacent ships, the pneumatic fender is installed between the two hulls 
to prevent contact between the hulls. Alternatively it is installed on a quay wall or 

15 the like, to prevent contact between the quay wall or the like and a ship's hull. In 
recent years ships' hulls are getting larger and the sea conditions are becoming more 
severe, so there is a demand for large (large diameter) pneumatic fenders with 
excellent impact performance. 
[0003] 

20 Pneumatic fenders normally have a cylindrical-shaped body portion with 
bowl-shaped mirror-sections provided at both ends, and the body portion has a 
laminated configuration with a plurality of reinforcing layers between inner layer 
rubber and outer layer rubber. The reinforcing layers are cord layers formed by 
arranging a plurality of cords in parallel, and the cords are disposed at a 

25 predetermined cord angle with respect to the axial direction of the cylinder. The 
cords of reinforcing layers that are laminated adjacent to each other are disposed so 
that they intersect (for example, see Patent Documents 1, 2). Conventionally the 
cord angle is set to a static angle of about (54° to 55°) in an uninflated neutral state, 
so even when the interior of the pneumatic fender is filled with air to the prescribed 

30 internal pressure, its size (length and external diameter) does not change much. 
[0004] 

In this case, if the pneumatic fender is simply made larger in order to 
increase the impact performance, its handleability when it is not being used, such as 
in storage, transport, and installation, is significantly reduced. Specifically, wide 

35 space is needed to store the pneumatic fender. Also, a large transport ship is 
necessary to transport it to its place of installation, and the lifting device such as a 
crane or the like must also be large. Also, during transport and installation it is 
difficult to move, so much effort is required. Therefore a pneumatic fender that is 
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compact when not being used, and that greatly expands as much as possible when it 
is being used is desirable. 

PRIOR ART DOCUMENTS 
5 Patent Documents 

[0005] 
Patent Document 1: Japanese Unexamined Patent Application Publication 

No. H5-286053 
Patent Document 2: Japanese Unexamined Patent Application Publication 

10 No. 2003-129446 

SUMMARY OF THE INVENTION 
Problems to be Solved by the Invention 
[0006] 

15 It is an object of the present invention to provide a pneumatic fender that is 
capable of being greatly enlarged during use compared with when it is not being 
used, such as during storage, transport, and the like 

Means to Solve the Problem 
20 [0007] 

In order to achieve the above object, the pneumatic fender according to the 
present invention comprises mirror sections at the two ends of a cylindrical body 
portion, a plurality of reinforcing layers is laminated between an inner layer rubber 
and an outer layer rubber, the reinforcing layers are cord layers formed by arranging 

25 a plurality of cords parallel, the cords of reinforcing layers that are laminated 
adjacent to each other intersect and have a predetermined cord angle with respect to 
the body axial direction, an intermediate rubber layer is interposed between each of 
the reinforcing layers, and in an uninflated neutral state the thicknesses of the 
intermediate rubber layers is set to 1 mm to 5 mm, and the cord angle is set to 15° to 

30 45°. 

EFFECT OF THE INVENTION 
[0008] 

According to the present invention, in the uninflated neutral state the 
35 intermediate rubber layers whose thicknesses are 1 mm to 5 mm are interposed 

between each of the reinforcing layers, the cords of reinforcing layers that are 
laminated adjacent to each other intersect and have a cord angle that is set to 15° to 
45° with respect to the body axial direction, so when the fender is filled with air to 
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the prescribed internal pressure, the cord angle increases to a stable static angle. In 
this case each of the intermediate rubber layers deforms in shear, so the cord angle 
increases smoothly up to the static angle. Therefore although the fender is compact 
when not in use, during use it is possible to greatly expand the diameter of the body 

5 portion. If the thickness of the intermediate rubber layer in the neutral state is less 
than 1 mm, the shear force between layers during inflation becomes excessive, so 
adverse effects such as reduction in durability and inter-layer separation and the like 
can easily occur. 
[0009] 

10 In this case, if the 100% modulus of the rubber of the intermediate rubber 
layers is 0.5 MPa to 5.0 MPa, the diameter of the body portion can be stably 
increased sufficiently. 
[0010] 

Also, if the 100% modulus of the rubber of the intermediate rubber layers is 
15 less than 0.5 MPa, time is required for the body portion to shrink, and there is a 

possibility that the body portion will not return to its original diameter. On the 
other hand, if it exceeds 5.0 MPa, the shear force in the intermediate rubber layers 
increases when inflating, so they have difficulty deforming and it is difficult to 
expand the diameter of the body portion sufficiently. 

20 [0011] 
It is possible to specify that in the uninflated neutral state, the thickness of 

the intermediate rubber layers increases towards the outer circumferential side. 
When inflating the body portion, a greater shear deformation is necessary in the 
intermediate rubber layers towards the outer side, so this specification has the 

25 advantage that it is possible to prevent an excessive load being produced in some of 
the intermediate rubber layers. 
[0012] 

Also, in the uninflated neutral state, the external diameter of the body 
portion is, for example, 3 m to 5 m. With the external diameter in this range 

30 handling when the fender is not in use such as during storage or transport, and the 
like, is comparatively easy. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

35 FIG. 1 is an explanatory view showing a side view partially sectioned of a 
reinforcing layer of the body portion of a pneumatic fender according to the present 
invention when it is not inflated; 

FIG. 2 is an explanatory view showing a front view of the reinforcing layer 



of the mirror section of the pneumatic fender in FIG. 1; 
FIG. 3 is a partial enlarged cross-sectional view of the body portion of the 

pneumatic fender in FIG. 1; and 
FIG. 4 is an explanatory view showing a side view partially sectioned of a 

5 reinforcing layer of the body portion of the pneumatic fender in FIG. 1 when it is 
inflated. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0014] 

10 The pneumatic fender according to the present invention is described below, 
based on the embodiments shown on the drawings. 
[0015] 

As shown in FIGS. 1 to 3, a pneumatic fender 1 (hereafter referred to as 
fender 1) according to the present invention includes a cylindrical-shaped body 

15 portion 2 and bowl-shaped mirror sections 3 at both ends thereof. In this 
embodiment, one mirror section 3 is provided with a fitting 9, but this may also be 
provided to the mirror sections 3 at both ends. 
[0016] 

The body portion 2 has a laminated configuration with a plurality of 
20 reinforcing layers 5 between an inner layer rubber 4 and an outer layer rubber 7. In 

this embodiment, six reinforcing layers 5 (5a to 5f) are laminated. The number of 
laminations of reinforcing layers 5 is, for example, 6 to 12. An intermediate rubber 
layer 8 (8a to 8e) is disposed between each of the reinforcing layers 5. 
[0017] 

25 Each of the reinforcing layers 8 is a cord layer formed from a plurality of 
cords 6a (6b) arranged in parallel. The cords 6a, 6b of adjacent laminated 
reinforcing layers 5 intersect, and are disposed with a predetermined cord angle A 
with respect to the cylinder axial direction (cylinder center line CL) of the body 
portion 2. In other words, the reinforcing layer 5a of the inner peripheral side first 

30 layer, the reinforcing layer 5c of the third layer, and the reinforcing layer 5e of the 
fifth layer have a cord angle A in the same direction. The reinforcing layer 5b of 
the inner peripheral side second layer, the reinforcing layer 5d of the fourth layer, 
and the reinforcing layer 5f of the sixth layer have a cord angle A in the same 
direction, and, this cord angle A has the opposite orientation to that of the 

35 reinforcing layers 5a, 5c, 5e. The cord angle A may be different among a plurality 
of reinforcing layers 5, and can be set as appropriate depending on the number of 
laminations of the reinforcing layers 5, or the cords 6a, 6b, the intermediate rubber 
layers 8, the external diameter of the body portion 2, and the like, as described later. 
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[0018] 
Steel cords or organic fiber cords or the like can be used as the cords 6a, 6b. 

The external diameter of the cords 6a, 6b is, for example, about 0.5 mm to 1.5 mm. 
[0019] 

5 The mirror sections 3 have a laminated configuration with a plurality of 
reinforcing layers between the inner layer rubber 4 and the outer layer rubber 7. A 
reinforcing layer (cord layer) formed from cords 6c disposed in a radial manner, and 
a reinforcing layer (cord layer) formed from cords 6d disposed in the circumferential 
direction are alternately laminated. The specification of the cords 6c, 6d is 

10 basically the same as that of the cords 6a, 6b of the reinforcing layers 5 of the body 
portion 2. 
[0020] 

In the present invention, when the fender 1 is uninflated in a neutral state, 
the thickness of the intermediate rubber layer 8 is 1 mm to 5 mm, and the cord angle 

15 A is set to 15° to 45°. The uninflated neutral state is the state in which tension is 
not substantially produced in the cords 6a, 6b, air is injected into the interior of the 
fender 1, but the inner pressure is slightly higher than atmospheric pressure (for 
example, 10 kPa), so the body portion 2 maintains a cylindrical shape and the mirror 
sections 3 maintain a bowl shape. 

20 [0021] 
In a conventional pneumatic fender, only very thin adhesive rubber is 

disposed between two reinforcing layers that are adjacent to each other in the radial 
direction in order to bond them together. In the present invention, a special 
intermediate rubber layer 8 is interposed in addition to adhesive rubber. For 

25 example natural rubber, butyl rubber, styrene butadiene rubber, acrylonitrile 
butadiene rubber, or the like are used as the rubber forming the intermediate rubber 
layer 8. 
[0022] 

For example natural rubber, butyl rubber, styrene butadiene rubber, 
30 acrylonitrile butadiene rubber, or the like are used as the rubber forming the inner 

layer rubber 4. For example natural rubber, styrene butadiene rubber, acrylonitrile 
butadiene rubber, ethylene propylene rubber, or the like are used as the rubber 
forming the outer layer rubber 7. In the neutral state when the fender 1 is not 
inflated, the thickness of the inner layer rubber 4 is, for example, about 2 mm to 5 

35 mm, and the thickness of the outer layer rubber 7 is, for example, about 3 mm to 12 
mm. 
[0023] 

When the fender 1 is not being used, such as during storage, transport, and 
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installation, the internal pressure is reduced to, for example, about 10 kPa to the 
neutral state in which it is not inflated. Alternatively, the internal air is discharged 
and it is folded. When the fender 1 is installed and used at the actual installation 
site, the interior is filled with air via a valve fitted to the fitting 9, to the prescribed 

5 internal pressure. The prescribed internal pressure is, for example, 50 kPa to 100 
kPa. 
[0024] 

In the process of filling the interior of the fender 1 with air to the prescribed 
internal pressure, the cord angle A of the cords 6a, 6b of each of the reinforcing 

10 layers 5 increases to a stable static angle (54° to 55°). In this case, the thickness of 
the intermediate rubber layers 8 in the neutral state is 1.0 mm or more, so each of the 
intermediate rubber layers 8 deforms in shear appropriately. As a result, as shown 
in FIG. 4, the cord angle A varies smoothly up to the static angle, so during use the 
body portion 2 can inflate and increase in diameter greatly. 

15 [0025] 
For example, the external diameter of the body portion 2 can increase by 

about 150% to 250% during use relative to the neutral state. The length in the axial 
direction of the fender 1 (body portion 2) can increase by 95% to 60% during use 
relative to the neutral state. 

20 [0026] 
If the thickness of the intermediate rubber layer 8 is less than 1 mm, it is 

difficult to deform in shear sufficiently when the fender 1 is inflated. If the 
thickness of the intermediate rubber layer 8 exceeds 5 mm, the mass of the fender 1 
is excessive. 

25 [0027] 
Also, if the cord angle A in the neutral state is less than 15°, excessive shear 

stress is produced in the intermediate rubber layer 8 to increase the cord angle A to 
the static angle. If the cord angle A exceeds 45°, the increase in the diameter of the 
body portion 2 when the prescribed internal pressure is applied from the neutral state 

30 is small. In other words, when the cord angle A exceeds 45°, the external diameter 
of the fender 1 when it is not being used is not very small. 
[0028] 

It has also been confirmed that even if the cord angle A in the uninflated 
neutral state is 15° to 45°, if the thickness of the intermediate rubber layers 8 is less 

35 than 1 mm, there is very little increase in the diameter of the body portion 2 when 
the prescribed internal pressure is applied. In other words, by appropriately setting 
the cord angle A and the thickness of the intermediate rubber layer 8 in the 
uninflated neutral state of the fender 1 according to the present invention, the fender 
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1 is compact in the neutral state when it is not being used, and the diameter of the 
body portion 2 can increase greatly when it is being used. 
[0029] 

In this way, it is possible to reduce the storage space of the fender 1. Also, 
5 it is not necessary to provide a large transport ship or transport vehicle to transport 

the fender 1 to the installation location, and a large crane device or the like need not 
be used for lifting. The fender 1 is easier to move during transport and installation, 
so these operations are easier. In this way, the handlability of the fender 1 when it 
is not being used (when it is not inflated) is improved. 

10 [0030] 
Preferably the 100% modulus of the rubber forming the intermediate rubber 

layers 8 is 0.5 MPa to 5.0 MPa. If the 100% modulus of the intermediate rubber 
layers 8 is less than 0.5 MPa, time is required for the body portion to shrink and 
reduce the diameter, and there is a possibility that the body portion will not return to 

15 its original diameter. On the other hand, if it exceeds 5.0 MPa, the shear force in 
the intermediate rubber layers increases when inflating, so they have difficulty 
deforming and it is difficult to expand the diameter of the body portion sufficiently. 
[0031] 

In this embodiment, in the uninflated neutral state, the thicknesses of all the 
20 intermediate rubber layers 8 are the same, but it is possible to specify that the 

thickness of the intermediate rubber layers 8 increases towards the outer 
circumferential side. When inflating the body portion 2, a greater shear 
deformation is necessary in the intermediate rubber layers 8 towards the outside, so 
with this specification it is possible to prevent an excessive load being produced in 

25 some of the intermediate rubber layers 8 when inflating the body portion 2. 
[0032] 

Also, in the uninflated neutral state, the external diameter of the body 
portion 2 is, for example, 3 m to 5 m. With the external diameter in this range 
handling when the fender is not in use such as during storage or transport, and the 

30 like, is comparatively easy. 

Reference Number 
[0033] 
1 Pneumatic fender 

35 2 Body portion 
3 Mirror section 
4 Inner layer rubber 
5, 5a, 5b, 5c, 5d. 5e, 5f Reinforcing layer 
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6a, 6b, 6c, 6d Cord 
7 Outer layer rubber 
8, 8a, 8b, 8c, 8d, 8e, 8f Intermediate rubber layer 
9 Fitting 
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WHAT IS CLAIMED IS: 
1. A pneumatic fender comprising mirror sections at the two ends of a 
cylindrical body portion, a plurality of reinforcing layers is laminated between an 
inner layer rubber and an outer layer rubber, the reinforcing layers are cord layers 
formed by arranging a plurality of cords in parallel, and the cords of reinforcing 
layers that are laminated adjacent to each other intersect with a predetermined cord 
angle with respect to the body axial direction, wherein an intermediate rubber layer 
is interposed between each of the reinforcing layers, and in an uninflated neutral 
state the thicknesses of the intermediate rubber layers is set to 1 mm to 5 mm, and 
the cord angle is set to 15° to 45°. 

2. The pneumatic fender according to claim 1, wherein the 100% modulus of 
the rabber of the intermediate rubber layers is 0.5 MPa to 5.0 MPa. 

3. The pneumatic fender according to claim 1 or 2, wherein the thickness of 
the intermediate rubber layer in the uninflated neutral state becomes thicker in the 
intermediate rubber layers on the outer circumferential side. 

4. The pneumatic fender according to any of claims 1 to 3, wherein the 
external diameter of the body portion in the uninflated neutral state is 3 m to 5 m. 
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