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FENDER

BACKGROUND OF THE INVENTION

The present invention relates to a fender designed
to protect a vessel by reducing the impact of the décking
vessel through absorption of the kinetic energy thereof.

A fender 9 conventionally used in the art is
exemplified by a circle-type fender made of one piece
rubber material having a sectional shape as shown in
Fig.20A. The circle-type fender 9 includes: a first
bumper meﬁber 91 formed in a cylindrical shape of a
constant putside diameter and constructed such that one
end of tﬁe'cylindrical body defines a distal end 9a of
the fender 9 and serves as a fixing portion for fixing
an impact receiving plate (not shoﬁn) directly coming
into contact with a &essel; and a second bumper member
92 formed in a hollow conical shape wherein one end
thereof is .connected to the other end of the cylindrical
body of the first bumper member 91 while the other end
thereof defines a fix portion to be fixed to a fixing
surface Q on a dock and wherein the latter end thereof

has a greater outside diameter than the former end

‘thereof. Indicated at 93 1is 'a flange actually

functioning to fix the fix portion of the second bumper
member 92 to the fixing surface Q.

When receiving a compressive force from the docking
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vessel, the fender 9 is compressively deformed as
described below. First, the fender 9 develops a reaction
foréeagainstthecompressivéforce. When the fender can
no more withstand the compressive force, it starts to
buckle at an outer periphery of a connection portion CP
between the first bumper member 91 and the second bumper
member 92 and at an inner periphery of a buckling position
BP of the second bumper member 92. Subsequently, as
shown in Fig.20B, the whole body of the fender 9 is
deformed into a tightly folded shape with an outer
periphery 91a of the first bumper member 91 and an outer
periphery 92a of the second bumper member 92 as well as
areas 92b, 92c above énd below_the buckling position BP
on the inner periphery of the second bumper member 92
coming into contact with each other. Then, the tightly
folded fender 9 with no more portion to be buckled forms
a single rubber mass which is further compressively
defdrmed,

If this process is expressed by a distortion-
reaction force characteristic curve plotting the amount
of distortion of the compressed fender 9 relative to the
reaction force developed in the fender 9, a solid curved
lineof Fig.21 is obtained. 'Specifically, aline portion
between the origin O and Maximum Point A corresponds to

a period between a normal state shown in Fig.20A and a
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state just before the fender starts to buckle, yielding
to the compressive force. During this period, the
compressed fender 9 develops the reaction force, 'trying
to restore itself to its initial shape. The reaction
force increases as the amount of distortion becomes
gréater.. Upon buckling, however, the fender 9 loses most
of the reaction force. Hence, the reaction force
declines during the time that the fender 9 is crushed
into the state of Fig.20B. This time period corresponds
to a line portion between Maximum Point A and Minifuum
Point C bf the characteristic curve. In the state of
Fig.20B, t.he whole body of the .fender 9 behaves as a single
rubber mass as mentioned supra, developing the reaction
force again. Therefore, the reaction force
substantially linearly rises from Minimum Point C.
The p.ractically useful range of the fender 9 with
such a characteristic curve is limited to a range between
the origin O and a point B representing the same level
of reaction force as Maximum Point A. The useful range
as expressed in terms of distortion is limited to the
range of not more than D. This is because a distortion
in excess of D means an excessive reaction force which,
in turn, will cause damage to the vessel or to the fender
9 itself. The amount of energy that the fender 9 can

absorb through distortion D within the allowed range is
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represented by an area S§; of a region enclosed by the
characteristic curve represented by the éolid line, a
horizontal axis O0-D, and a vertieal line B-D.

It is generally thought idealistic that the fender
is capable of absorbing such an amount of eﬁergy that
corresponds to the combination of the above area S, and
an area S, of a region enclosed by the characteristic
curve and a horizontal line A-B. However, the fender is
actually capable of absorbing energy'of an amount reduced
by that represented by the area S,, thus reduced in ﬁhe
energy absorption efficiency.

In this connectien, study has been made to incfease
the energy-absorption capacity of the fender 9. For
instance, it is contemplated to increase thicknesses T,
and T, of the first and second bumper members 91, 92, as
shown in Fig.22A, thereby to increese the reaction forces
of the bumper members 91, 92 against compression.

Unfortunately,'this_approach has the following
problem. With a smaller distortion than in the case of
Figs.204a, 2.0B, the fender 9 is buckled into a completely
folded state, as shown in Fig.22B, wherein the outer
periplhiery 91a of the first bumper member 91 and the outer
periphery 92a of the second bumper member 92 as weli as
the areas 92b, 92c above and below the buckling position

BP on the inner periphery of the second bumper member
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92 come into contact with each other, leaving no more
portibn to be buckled. That is, with a smaller
distortion than in the case of Fig.20B, the buckled
fender 9 starts to behave as the single rubber mass.

As indicated by a dash-single-dot curved line in
Fig.23, this results in a smaller distortion D’ than the
distortion D in the case of Figs.20A, 20B, the distortion
D’ corresponding to the reaction force which, after
buckling, starts.to re-increase and reaches a point B’
representing the same level as Maximum Point A’. That
is, a width of a constant load area in which the fender
is principally involved in the energy absorption, or the
range A-B between Maximum Point A and the point B of the
characteristic curve is reduced to a range A'-B’. Thus,
the fender is reduced in the energy-absorption capacity
after buckling.

Therefor, the arrangeﬁent of Fig.22A suffers a
problem that despite the increased size cor;esponding
to the increased thickness as described above, the fender
cannot attain the ingreasea energy-absorption capacity
corresponding to the size increase or any increase in
the ene;gy—absorption capacity at all.

SUMMARY OF THE INVENTION

Afirst object of the invention is to provide a novel

fender capable of approximating a distortion-reaction
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force characteristic curve within an allowed range of
distortion to an idealistic curve representing a
substantially constant value of reaction force after the
maximum point.

A second object of the invention is to provide a
novel fender capable of presenting the greatest possible
energy-absorption capacity within thé allowed range of
distortion.

Accbrding to the invention of Claim 1, a fender for
absorbing fhe impact of a vessel, formed of rubber and
fixed to a fixing surface of a dock as having an impact
receiving plate secured to a distal end of its body, the
fender comprising: a first bumper member formed in a
cylindrical shape of a constant outside diameter and
defining at one end of the cylindrical body thereof a
fixing portion for the impact receiving plate; a second
bumper member connected at one end to the other end of
the cylindrical body of the first bumper member, defining
at the other end thereof a fix portion to be fixed to
the fixing surface, formed in a hollow conical shape with
its latter end greater in outside diameter than its
former end, and buckling radially outwardly upon
receiving a compressive force from the vessei thereby
absorbing the impact of the vessel; and a step formed

along an outer periphery of a connection portion between
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the two bumper members, the step defined by the former

end of the second bumper member having a greater outside

‘diameter than the latter end of the first bumper member.

By virtue of a step 14 on the outer periphery of
the connection portion between two bumper membérs 11,
12, such as shown in Figs. 1 and ZA for exampie, the fender
of Claim 1 can accomplish the increase in the aforesaid
distortion D, as compared with the conventional fender
9 without the step on the outer periphery of the
connection portion CP. Specifically, the provision of
the step 14 provides a configuration wherein an outer
periphery 1la of the first bumper member 11 is somewhat
recessed from an outer periphery 12a of the second bumper
member 12. As a result, when the fender is buckled, a
greater distortion D than in the conventional fender 9
is involved in bringing the outer peripheries 1lla, 12a
into contact with each other, as shown in Fig.2B.

As shown in Fig.20B, the conventional fender 9 in
the buckled state contains a cavity CV between the bent
bumper members 91, 92. The cavity CV is responsibie for
a greater decline of the reaction force after Maximum
Point A. That is, a deformation involved in crushing the
cavity CV is added to the normal deformation by buckling
as mentioned supra, so that the fender 9 encounters the

correspondingly increased amount of deformation after



10

15

20

25

et }
-§

buckling. This results in the greater decline of the
reaction force after Maximum Point A. In contrast, the
arrangement of Claim 1 is adapied to reduce or totally
eliminate the cavity between the bent members 11, 12 by
virtue of a corner of the step 14 caught in the cavity,
as shown in FingB. Thﬁs, the decline of the reaction
fdrée after Maximum Point A is reduced.

According to the arrangement of Claim 1, the synergy
between these effects not only approximates the
characteristic curve as close as possible to the
idealistic curve but also enables further increase in
the energy-absorption capacity and the energy absorption
efficiency of the fender.

According to the invention of.claim 2, the fender
of Claim 1 is characterized in that the first bumper

member and the second bumper member share the same inside

‘diameter at the connection portion and that a ratio T,/T,

is in the range of 0.8 to 0.9, T, denoting a thickness
of the first bumper member, T, denoting a thickness of
the second bumper member.

If the ratio T,/T, is less than 0.8, the thickness
T, of the second bumper member 12 is relatively increased.
This may result in a similar problem to that occurred
in the case of Figs.22a, 223. Specifically, areas 12b,

12c above and below the buckling position BP on an inner
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periphery of the second bumper member 12 are brought into
contactwitheachotherbyiasmallerdiétortionandhence,
the allowed distortion D is decreased. This leads to a
reduced energy-absorption capacity after buckling.

If the ratio T,/T, exceeds 0.9, the step 14 may have
an inéufficient dimensibn for adequately offering the
effect of Claim 1. Specifically( when caught in the
cavity between the bent of the first and second bumper
members 11, 12, the step 14 may not be effective enough
to reduce or totally eliminate the cavity. Thus, the
decline of the reaction force after Maximum Point A
cannot be reduced enough. Or the step 14 may not be
effective enough to increase the distortion involved in
bringing the outer peripheries 1lla, 12a.of the bumper
members 11, 12 into contact with each other. Thus, the
distortion D cannot be increased enough.

In contrast, the arrangement of Claim 2 is not

. likely to encounter these problems, further enhancing

the effects of Claim 1.

According to the invention of Claim 3, the fender
of Claim 1 is characterized in that a ratio H,/H, is in
the range of 0.1 to 0.3, H, denoting an axial height of
the cylindrical body of the first bumper member, H,
denoting an overall height of the fender with respect

to the axis of the cylindrical body.
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According to the invention of Claim 4, the fender

of Claim 3 is characterized in that an angle 6, between
the fixing surface and a generatrix of the conical body
of the second bumper member is in 'the range of 70 to 80°.

If the overall height H, and the outside diameter
D, of the first bumper member 11 are conétant, the height
H, and the angle 8, have a correlation. That is, as the
height H, of the first bumper member 11 accounts for the
greater proportion of the overall height H,, the angle
0, becomes the smaller, as shown in Fig.8. On the other
hand, the angle 0, increases with decrease in the
proportion of the height H, as shown in Fig.9.

If the height H, is below the above range or if the
angle 0, exceeds the above range, the reaction force at
buckling is increased because the height H, of the second
bumper member 12 has a relatively increased proportion
of the overall height H,. At the same time, the
energy-absorption capacity as a whole is increased
because the distortion of the fender involved in bringing
the second bumper member 12 into a buckling process or
the distortion thereof involved in buckling the second
bumper member to limit is increased. Considering the
characteristics of the fender, however, such a fender
cannot serve a useful. function because a width of a

constant. load area, that 1is, a range of the
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characteristic curve between Maximum Point A and the
point B where the first bumper member 11 is in charge
of the load is too small.

If the height H, exceeds the above range or if the
angle 6, is below the above range, the reaction force at
buckling is decreased because the height H, of the second
bumper member 12 has a relatively decreased proportion
of the overall height H,. At the same time, the
distortion of the fender involved in bringing the second
bumper member 12 into the buckling process or the
distortion thereof involved in buckling the second
bumper member to 1limit is decreased. Henee, the
energy-absorption capacity as a whole tends to decrease.

In contrast, the arrangements of Claims 3 and 4 are
not likely to encounter these problems, further
enhancing the effects of Claim 1.

Acco'rding to the invention of Claim 5, a fender for
absorbing'the impact of a vessel, formed of rubber and
fixed to a fixing surface of a dock as having an impact

receiving plate secured to a distal end of its body, the

fender comprises: a first bumper member formed in a

cylindrical shape of a constant outside diameter and
defining at one end of the cylindrical body thereof a
fixing portion for the'impact receiving plate; a second

bumper member connected at one end to the other end of
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the cylindrical body of the first bumper member, defining
at the other end thereof a fix portion to be fixed to
the fixing surface, formed in. a hollow conical shape with
its latter end greater in outside diameter than its
former end, and bucklihg radially outwardly upon
receiving a compressive force from the vessel theieby
absorbing the impact of.the vessel; and a projection
having a constant width and formed along a buckling
position on an inner periphery of the second bumper
member.

According to the arrangement of Claim 5, the second
bumper member 12 is buckled and clamp a projection 15
from top and bottom, as shown in Fig.4C while the clamped
projection 15 develops a counterforce against a
compressive force applied thereto by being buckled.
That is, the projection 15.contributes the counterforcé
against the buckling of the second bumper member 12.
This results in an increased reaction force which the
buckled second bumper member 12 exhibits against the
compressive force.

On the inner periphery of the second bumper member
12, the areas 12b, 12c above and below the projection
15 are in somewhat recessed from the projection 15. This
also results in an increased distortion of the buckled

fender which is involved in bringing the areas 12b, 12c



10

15

20

25

13

il
~

into contact with each other.

Thus, the synergy between these effects increases
the energy-absorption capacity of the fender as a whole.

According to the invention of Claim 6, the fender
of Claim 5 is characterized in that a ratio W,/W, is in
the range of 3/6 to 6/3, Wldenotiﬁg a distance from the
buckling position to an upper side of the projection
along an axis of the conical body of the second bumper
member, W, denoting a distance from the buckling position
to a lower side of the projection along the axis of the
coﬁical body. |

If the ratio W,/W, is less than 3/6, the upper side
of the projection 15 is so close to the buckling position
BP of the second bumper member 12 that the second bumper
member 12 buckles only along thé upper side of the
projection 15 as shown in Fig.12C for example. If the
ratio W,/W, is in excess of 6/3, the lower side of thé
projection 15 is so close to the buckling position BP
of the second bumpef membér 12 that the second bumper
member 12 buckles only along the lower side of the
projection 15 as shown in Fig.13C for example. In either
cases, the buckled second bumper member 12 cannot clamp
the projection.ls from top and bottom well, thus, the
effect of Claim 5 may not be fully aﬁtained.

In contrast, the arrangement of Claim 6 is not
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likely to eﬁcounter these'problems, further enhancing
the effects of Claim 5. |

According to the invention of Claim 7, the fender
of Claim 6 is characterized in that a distance W,+W,
between the upper side and the lower side of the
projection aloné the axis of the conical body is in the
range of 20 to 40% of a height H, of the second bumper
member along the axis of the conical body.

If the distance W,+W, representative of the width
of the projection 15 is less than 20% of the height H,,
the projection 15 may not provide the adequate effects
of Claim 5. Specifically, the projection 15 may be too
small to afford the aforesaid effecf to increase the
reaction force of the second bumper member'lz as it is
buckled. If the distance W,+W, is in excess of 40% of
the height H,, a similar result to that of the increased
thickness of the whole body of the second bumper member
12 is produced. This leads to the same problem as in the
case of Figs.22A, 22B, decreasing the energy-absorption
capacity after buckling.

In contrast, the arrangement of Claim 7 is not
likely to encounter these problems, further enhancing
the effects of Claim 5.

According to the invention of Claim 8, the fender

of Claim 7 is characterized in that the projection is
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of a trapezoidal shape in section and has a projection

height T, from the inner periphery of the second bumper
member in the range of 5 to 15% of the thickness T, of
the second bumper member.

If the height T; of the projection 15 of the
trapezoidal sectional shape is less than 5% of the
thickness T, of the second bumper member, the projection
15 may be too low to afford an adequate effect to increase
the reaction force of the second bumper member 12 as it
is buckled. It is also likely that the projection 15 ié
not effective enough to increase the distortion of the
buckled fender involved in bringing the areas 12b, 1l2c
above and below'the-projection 15 into contact with each

other. That is, the provision of the projection 15 may

not contribute the adequate effect. If the height T, of

"the projection 15 exceeds 15% of the thickness T, of the

second bumper member, an excessive distortion of the
fender may be involved in bringing the areas 12b, 12c
into contact with each other, the areas 12b, 12c located
above and below the projection 15 on the inner periphery
of the second bumper member 12. As a result, the fender
is excéssively'distorted when both the areas 12b, 1l2c
contact each other so that the reaction force rises

sharply after this point of time, i.e., after the point

C on the reaction force characteristic curve. That is,
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the fender is excessively compressed so that daﬁage to
the vessel or the ﬁender itself may result.

" In contrast, the arrangement of Claim 8 is not
likely to encounter these problems, further enhancing
the effects of Claim 5.

According to the invention of Claim 9, the fender

~of Claim 7 is characterized in that the projection is

of a triangular shape in section and has a projection
heigh£ T, from the inner periphery of the second bﬁmper
member in the range of 15 to 20% of the thickness T, of
the second bumper member. Given the same width and
height, the projection 15 of the triangular sectional
shape has a smaller sectional area than the projection
of the trapezoidal sectional shape. Accordingly, the
projection is designed to have a greater projection
height T; in order to accomplish the same degree of
ﬁorking effect as the projection of the trapezoidal
sectional shape.

If the projection of the triangular sectional shape

has a projection height T, of less than 15% of the

thickness T, of the second bumper member 12, the

projection 15 may be too low to afford an adequate effect
to increase the reaction force of the second bumper
member 12 as it is buckled. It is also likely that the-

projection 15 is not effective enough to increase the
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distortion of the buckled fender involved in bringing
the areas 12b, 12c above and below the projection 15 into
contact with each other. That is, the provision of the
projéction may not contribute the adequate effect. If
the height T, of the projection 15 exceeds 20% of the
thickness T, of the second bumper member, an excessive
distortion of the fender may be involved in bringing the
areas 12b, 12c into contact with each other, the areas
12b, 12c located above and below the projection 15 on
the inner periphery of the second bumper member 12. The
fender is excessively distorted when both the areas 12b,
12c contact each other so that the reaction force rises
sharply after this point of time, i.e., after the point
C on the reaction force characteristic curve. That is,
the fender is excessiveiy compressed so that damage to
the vessel or the fender itself may result.

In contrast, the arrangement of Claim 9 is not
likely to encounter these problems, further enhancing
the effects of Claim 5.

According to the invention of Claim 10, the fender
of Claim 5 further comprises a step along an outer
peripheéry of a connection portion between the two bumper
members, the step defined by the former end of the second
bumper member having a greater outside diameter than the

latter end of the first bumper member.
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According to the arrangement of Claim 10, the
synergy between the effects of the arrangements of Claims
1 and 5 not only provides the characteristic curve even
closer to the idealistic curve but also enables further
increase in the energy-absorption capacity and the
energy absorption efficiency of.the fendér.

An analogous arrangement to the inventive
arrangement is disclosed in Japanese Unexamined Patent
Publication WNo.11(1999)-222833 which suggests the
provision of a step on an outer pei:iphery of acircle~type
fender. However, this step is not provided at the
connection portion between the_first'and the second’
bumper members but at a midportion of the second bumper
member, which is far below the connection portion.
Disposed at such a pléce, the step does not operate the
same way as the aforementioned step of the invention.
Therefore, the above fender cannot offer the working
effect equivalent to that of the invention. Hence, this
prior art is not construed as disclosing nor suggesting
the present invention.

Japanese Unexamined Patent Publication
No.7(1995)-229129 discloses a cifcle-type fender
provided with a projection on its inner periphery.
However, the projection is not disposed on the buckling

position of the fender, as shown in Fig.8, contained in
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this official gazette. The projection is disposed in a
manner that the buckling position is positioned on a
boundary between the projection and a smaller-thickness
portion adjoining thereto. Therefore, this fender is no
more than an equivalent to the aforementioned
comparative examples of figs.lZA-lZC and 13A-13C, being
unable to offer the same working effect as the invention.
Hence, this prior art is not construed as disclosing nor
suggesting the present invention. |

Further, Japanese Examined Utility Publication
No.49(1974)-15516 discloses a fender, the whole body of
which is formed in a cylindrical shape of a constant
outside diameter. This prior-art fender has an
arrangement wherein the cylindrical body is formed with
a prdjection at its buckling position. However, this
pr-ibr art never teaches that the whole body of the fender
consists of a first cylindricél bumper member of a
constant outside diameter and a second bumper member of
a hollow conical shape, nor that the projection is
disposed on the buckling position of the second bumper
member. Hence, this prior arf is not construed as
disclosing nor suggesting the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a partially cutaway perspective view

showing a fender according to one embodiment of the
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invention;

Fig.2A is a vertical sectional view showing the
fender of Fig.1 in a normal, uncompressed state, whereas
Fig.2B is an enlarged vertical sectional view éhowing
the fender compressed into a buckled state;

Fig.3 is a partially cutaway perspective view
showing a fender according to another embodiment of the
invention;

Fig.4A is a vertical sectional view showing the
fender of Fig.3 in a normal, uncompressed stafe, Fig.4B
is an enlarged sectional view showing a projéction which
is a principal part of the fender, and Fig.4C is an
enlarged vertical sectional view showing the fender
compressed into a.buckled staté;

Fig.5A is a vertical sectional view showing a fender
according to another embodiment in a nofmal,
uncompressed stéte, Fig.5B is an enlarged sectional view
showing a projection which is a principal part of the
fender, and Fig.5C is an enlarged vertical sectional view
showing the fender compressed into a buckled state;

Fig.6A is a vertical sectional view showing a fender

according to another embodiment of the invention in a

normal, uncompressed state, whereas Fig.6B is an
enlarged sectional view showing a projection which is

a principal part of the fender;
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Fig.7A is a vertical sectional view showing a fender
of Example 2 in'a'normal, uncompressed state whereas
Fig.7B is an enlarged vertical sectional view showing
the fender compressed into a buckled state}

Fig.8A is avertical sectional view showing a fender
of Example 3 in a hormal, uncompressed state whereas

Fig.8B is an enlarged vertical sectional view showing

~the fender compressed into a buckled state;

Fig.9A is a vertical sectional view showing é fender
of Example 4 in a normal, uncompressed state whereas
Fig.9B is an enlarged vertical sectional view showing
the fender compressed into a buckled state;

Fig.lOA is a vertical sectional view showing a
fender of Comparative Example 2 in a normal, uncompressed
state whereas Fig.10B is an enlarged vertical sectional
view showing the fender compressed into a buckled state;

Fig.1l1l is a graph representing compressibility-
reaction force characteristic curves of the fenders of
Examples 1-4 and Comparative Examples 1-2;

Fig.12A is a vertical sectional view showing a

fender of Comparative Example 4 in a normal, uncompressed

state, Fig.12B is an enlarged sectional view showing a
projection, and Fig.12C is an enlarged vertical
sectional view showing the fender compressed into a

buckled state;
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Fig.1l3A is a vertical sectional view showing a
fender of Comparativle Example 5 in a normal, uncompressed
state, Fig;13B is an enlarged sectional view showing a
projection, and Fig.13C is an enlarged vertical
sectional view showing the fender compressed into a
buckled state;

Fig.1l4 is a.graph representing compressibility-
reaction force characteristic curves of the fenders of
Examples 5-6 and Comparative Examples 1, 3-5;

Fig.15A is a vertical sectional view showing a
fender of Example 8 in a normal, uncompressed state
whereas Fig.15B is an enlarged sectional view showing
a projection;

Fig.16A is a vertical sectional view showing a
fender of Example 9 in a normal, uncompressed state
whereas Fié.lGB is an enlarged sectional view showing
a projection;

Fig.17A is a vertical sectional view showing a
fender of Example 10 in a normal, uncompressed state
whereas Fig.17B is an enlarged sectional view showing
a projection;

Fig.18A is a vertical sectional view showing a
fender of Comparative Example 6 in a normal, uncompressed
state whereas Fig.18B is an enlarged sectional view

showing a projection;
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Fig.19 is a graph representing compressibility-
reaction force characteristic curves of the fenders of
Examples 7-10 and Comparative Example 6;

Fig.20A is a vertical sectional view showing a
conventional fender in a normal, uncompressed state
whereas Fig.20B is an enlarged sectional view showing
the fender compressed into a buckled state;

Fig.21 1is a graph fepresenting a distortion-

reaction force characteristic curve of the fender of

Fig.20Aa;

Fig.22A is a Vertigal sectional view showing
another conventional fender in a normal,.uncompressed
state whereas Fig.22B is an enlarged vertical sectional
view showing the fender compressed into a buckled state;
and

Fig.23 is a graph repreéenting distortion-reaction
force characteristic curves of the fenders of Figs.20A
and 22A.

DESCRIPTION OF PREFERRED EMBODIMENTS

Fig.l is a partially cutaway perspectiﬁe view
showing a fender 1 according to one embodiment of the
invention. Fig.2A is a vertical sectional view of ‘the
above fender 1.

The fender 1 comprises:

a first bumper member 11 formed in a cylindrical
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shape of a constant outside diameter D,, one end of the
cylindrical body defining a distal end 1la of the fender
1 and serving as a fixing portion for an impact receiving
plate (not shown) directly coming into confact with a
vessel;

a second bumper member 12 connected at one-end to
the other end of the cylindrical body of the first bumper
member 11, defining at the other end thereof a fix portion
to be fixed to a fixing surface Q of a dock, and formed.
in a hollow conical shape with its latter end greater
in outside diameter than its former end; and

a step 14 formed along an outer périphery of a
conneétion portion -between the two bumper members and
defined by the former end of the second bumper member
12 having a greater outside diameter than the latter end
of the first bumper member 11. Indicated at 13 is a
flange actually functioning to secure the fix portion
of the second bumper member 12 to fhe fixing surface Q.

The flange 13 is formed with through holes 13a penetrated

by fixing bolts (not shown). Although not illustrated,

the flange 13 may have a reinforcement member, such as
of a steel plate, embedded thérein for the reinforcement
purpose. Further, the first bumper member 11 may have
a reinforcement member, such as of a steel plate,

embedded in the former end thereof, i.e., the distal end
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la of the feﬁder 1 for the purposes of reinforcement and
mounting of the impact receiving plate.

The first bumper member 11 and the second bumper
meﬁber 12 are designed to share the same inside diameter
D, at the connection portion. In this design, a ratio
t'L'I/IT2 between a thickness T; of .the first bumper member
11 and a thickness T, of the second bumper member 12 is"
preferably in the range of 0.8 to 0.9, the ratio defining
the width of the step 14. The reason for this is
me_ntioﬁed in the foregoing. 1In order to further enhance
the aforesaid working effect of the step 14, the step
§f the wider width is more preferred. That is, the rafio
T,/T, closer to 0.8 is more preferred.

A ratio H,/H, between a height H, of the first bumper
member 11 and an overall height H, of the fender 1, which
is equal to a combined heigﬁt of the first and fhe second
bumper members 11, 12, is preferably in the range of 0.1
to 0.3. An angle 6, between a generatrix of the cone of
the second bumper member 12 and the fixing surface Q is
preferably in the range of.70 to 80°. The reasons for
this are also mentioned in the foregoing. The ratio H,/H,
ranging from 0.22 to 0.27 and the angle 0, ranging from
70 to 75° are mofe preferred in the light of a more
preferred fender featuring a suitable reaction force

characteristic as a useful fender and a great energy
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absorption.

The fender 1 is fabricated as follows. A mold is
charged with an unvulcanized rubber compound and a
plate~like reinforcement member to be embedded in one
end of the first bumper member 11 and in the flange, as
required. Tﬁe mold has a shape corresponding ;o the
shape of the fender 1. The rubber compound is heated
uﬁder pressure for vulcanization.

Fig.3 1is a partially cutaway perspective view
showing a fender 1 according to another embodiment of
the invention. Fig.4A is a.vertical sectional view of
the above fender 1 whereas Fig.4B is an enlarged
sectional view of a projection 15 which is a principal
part of the fender 1.

lThe fender 1 comprises:

a first bumper member 11 formed in a cylindrical
shape of a constant outside diameter D,, one end of the
cylindrical body defining a distal end la of the fender
1 and serving as a fixing portion for an impact receiving
plate (not shown) directly coming ingo contact with a
vessel;

a second bumper member 12 connected at one end to
the other end of the cylindrical.body of the first bumper
member 11, defining at the other end thereof a fix portion

to be fixed to a fixing surface Q of a dock, and formed
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in a hollow conical shape with its latter end greater

in outside diameter than its former end; and

a projection 15 having a constant width and formed
along a buckling position BP on an inner periphery of
the second bumper member 12. Similarly to the foregoing
embodiment, the second bumper member 12 is provided with
the flange 13 at its latter end for securing the fender
to the fixing surface Q. The flange 13 is formed with
the through holes 13a penetrated by the -fixing bolts (not
shown). Although not shéwn in the figure, the flange 13
may have the reinforcement member, such as of a steel
plate, embedded therein for the reinforcement purpose.
Further,lthe reinforcement member, such as of a steel
plate, may also be embedded in the former end of the first
bumper member 11, i.e., the distal end la of the fender
1 for the .purposes of reinforcement and fixing of the
impact receiving plate.

The projection 15 may preferably have a ratio W,/W,
in the range of 3/6 to 6/3, W, denoting a distance from
the buckling position BP of the second bumper member 12
to an upper side of the projecfion 15, W, denoting a

distance from the buckling position BP to a lower side

of the projection 15. The ratio W,/W, defines the

position of the projection. A distance W;+W, between the

upper side and the lower side of the projection 15 is
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preferably in the range of 20 to 40% of the height H, of
the second bumper member 12. The distance W,+W, defines
the width of the projection 15. The reasons for this are
mentioned in the foregoing. 1In order to further enhance
the aforesaid working effect of the projection 15, the
ratio W,/W, more preferably ranges from 4/5 to 5/4 and
the distance W,+W, more preferably ranges from 25 to 35%
of the height H,.

The projection 15 is formed in a trapezoidal shape
in section. The projection 15 may preferabl.y have a
projection height T, from the inner periphery of the
second bumper member 12 in the range of 5 to 15% of the
thickness T, of the second bumper member 12. The reason
for this is also mentioned in the foregoing. | The
projection height T, is more preferably in the range of
7 to 9% of the thickness T, from the standpoint of further
enhancing the aforesaid working effect of the projection
15.

Fig.5A is avertical s_ectj.onal view showing a fender
1 according to a still another embodiment of the
invention. Fig.5B is an enlarged sectional view of the
projection 15 which is the principal part of the fender
1. |

The fender of this embodiment differs from the

arrangement of Figs.4A, 4B in that the projection has
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a triangular sectional shape rather than the trapezoidal
shape. Other parts are the same as thoseof the foregoing
embodiments and represented by the same reference
characters, respectively.

Thelprojection 15 with the triangular sectional
shape may preferably have a projection height T, from the
inner periphery of the second_bumper member 12 in the
range of 15 to 20% of the thickness T, of the second bumper
member 12. The reason for this is also mentioned in the
foregoing. The projection height T, is more preferably
in the range of 16 to 18% of the thickness T, from the
standpoint of positively preventing the damage to the

vessel or to the fender itself and of further enhancing

'the aforesaid working effect of_the projection 15.

Fig.6A is a vertical sectional view showing a fender
1 according to another embodiment of the invention.
Fig.6B is an enlarged sectional view showing a projection
15 which is the principal part of the fender 1.

The fender 1 of this embodiment is characterized
by inclusion of both the step 14 and the projection 15.
The synergistic effect of the two portions contributes
a characteristic curve even'éloser to the ideal curve
andfurtherincreasestheenergy—absorptioncapacityand

the energy absorption efficiency of the fender. Other

‘parts are the same as those of the forgoing embodiments
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and represented by the same reference characters,
respéctively.

It is preferred that the respective parts have the
same dimensions, shapes and the like as those of the
forgoing embodiments.

That is, the first and second bumper members 11,
12 are designed to share the same inside diameter D, at
the connection portion between the two members 11, 12.
In this design, the ratio T,/T, between the thickness T,
of the first bumper member 11 and the thickness T, of the
second bumper member 12 is preferably in the range of
0.8 to 0.9, the ratio defining the width of the step 14.
Particularly, the ratio closer to 0.8 is more preferred.

The ratio H,/H, between the height H, of the first
bumper member 11 and the overall height H, of the fender
1 is preferably in the range of 0.1 to 0.3 and more
preferably of 0.22 to 0.27. The second bumper member 12
may have the angle 8, between the generatrix of the cone
body and the fixing surface Q preferably in the range
of 70 to 80° and more preferably of 70 to 75°.

The ratio W,/W, between the distance W, from the
buckling position BP of the second bumper member 12 to
the upper side of the projection 15 and the distance W,
from the buckling position BP to the lower side of the

projection 15 is preferably in the range of 3/6 to 6/3,
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and more preferably of 4/5 to 5/4.

The distance W,+W, between the upper side and the
lower sicie of the projection 15 is preferably in the r.ange
of 20 to 40%, and more preferably of 25 to 35% of the
height H, of the second bumper member 12. |

The projection 15 is formed in a trapezoidal shape
in section. The projection 15 may preferably have the
projection height T, from the inner periphery of the
second bumper member 12 in the range of 5 to 15% and more
preferably of 7 to 9% of the thickness T, of the second
bumper member 12.

The projection 15 may havea triangular sectional
shape, the illustration of which is dispensed with. Such
a projection 15 may have the projection height T, from
the inner periphery of the second bumper member 12 in
the range of 15 to 20% and more preferably of 16 to 18%
of the thickness T, of the second bumper member 12.

It is to be noted that the arrangement of the fender
of the invention is not limited to the embodiments
described in the foregoing but various changes and
modifications may be made thereto within the scope and
spirits of the invention.

EXAMPLEé
The invention will bg described in more detail by

way of reference to the following '~ examples and
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comparative examples.
Example 1

A circle-type fender 1 was fabricated as follows.
The following materials were charged in a mold and heated
under pressure for vulcanizing a rubber base material.
Thus was obtained the fender having the general
apéearance shown in Fig.1l and the sectional shape shown
in Fig.2A as well as dimensions and an angle listed in
Table 1.
A rubber compound: a rubber base material comprising
a rubber mixture containing natural rubber and butadiene
rubber in a weight ratio of 6:4;
A reinforcement member in one end of fhe first bumper
member 11: a disk-like steel plate having a thickness
of 28 mm and an outside diameter of 650 mm and including
a through hole of inside diameter of 270 mm at its center;
and
A reinforcement member in the flange 13: a disk-like
steel plate having a thickness of 28 mm and an outside
diameter of 1470 mm and including a through hole of inside

diameter of 710 mm at its center.
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TABLE 1
T, 220mm
T, 244nmm
T,/T, 0.9
H, 1000mm
H, 250mm

H,/H, | 0.25

8, 72.5°

D, 680mm

D, 1500mm
.Example 2

The same rubber compound and two types of
reinforcement members as in Example 1 were used to

5 fabricate a circle-type fender llhaving the sectional
shape of Fig.7A as well as dimenslions and an angle listed

in Table 2.

TABLE 2
T, 22 0mm
T, 275mm
T,/T, 0.8
H, 1000mm
H, 250mm

H,/H, | 0.25

D, 68 0mm
D, 1500mm
Example 3

10 The same rubber compound and two. types of
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reinforcement members as in Example 1 were used to
fabricate a circle-type fender 1 having the sectional
shape of Fig.8A as well as dimensions and an angle listed

in Table 3.

TABLE 3
T, 220mm
T, 244mm

T,/T, | 0.9

H, 1000mm

H, 300mm

H,/H, | 0.30

0, 70.0°
D, 6 8 0mm
D, 1500mm
Example 4

The same rubber compound and two types of
reinforcement members as in Example 1 were used to
fabricate a circle-type fender 1 having the sectional
shape of Fig.9A as well as dimensions and an angle listed

in Table 4.
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TABLE 4
T, 220mm
T, 244mnm
T,/T, | 0.9
H, 1000mm
H, 100mm

H,/H, | 0.10

0, 80.0°
D, 68 0mm
D, 1500mm

Comparative Example 1

The same rubber compound as in Example 1 and the
following two reinforcement members were used to
fabricate a circle-type fender 1 having the conventional
sectional shape shown in Fig;ZOA as well as dimensions
and an angle listed in Table 5.
A reinforcement member in one end of the first bumper
member 11: a disk-like steel plate having a thickness
of 28 mm and an outside diametef of 670 mm and including
a through hole of inside diameter of 270 mm at its center;
and
A reinforcement member in the flange 13: the same steel

plate as in Example 1
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TABLE 5
T, 230mm
T, 230mm

Tl/Tz 1-0

H, 1000mm

H, 250mm

H,/H, | 0.25

8, 72.5°
D, 70 0mm
D, 1500mm

Comparative Example 2

The_same rubber compound as in Example 1 and the
following two reinforcement members were used to
fabricate a circle-type fender 1 having the sectional
shape of Fig.10A as well as dimensions and an angle listed

in Table 6.

A reinforcement member in one end of the first bumper
member 11: a disk-like steel plate having a thickness
of 28 mm and an outside diameter of 690 mm and including
a through hole of inside diameter of 270 mm at its center;
and
A reinforcement member in the flange 13: tﬁe same steel

plate as in Example 1
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TABLE 6
T,, 240mm
T,, 216mm
T, 24 0mm
T,,/T, | 1.0
T,,/T, | 0.9
H, 1000mm
H, 250mm
H,/H, | 0.25
0, 72.5°
D, 720mm
D, 1500mm

Table 7 tabulates principal dimensions of the above

examples and comparative examples.

TABLE 7
Thickness (mm) Height(mm) H,=1000 Angle 6,
T, T, T,/T, H, H,/H, (degree)
Ex.1 220 244 0.9 250 0.25 72.5
Ex.2 220 275 0.8 250 0.25 72.5
Ex.3 220 244 0.9 300 0.30 70.0
Ex.4 220 244 0.9 100 0.10 - 80.0
C.Ex.1 ] 230 230 1.0 250 0.25 72.5
C.Ex.2 |T;,:240 240 1 250 0.25 72.5
T,,:216 0.

Compressive Test

Thé fenders of the above'eXamples-and comparative
examples were each examined as follows. The former end
of the first bumper member was mounted to a movable head

of a 500 ton hydraulic press via a spacer analogous to
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the impact receiving plate, the spacer having the same
diameter as the first bumper member and a thickness of

200 mm. The flange on the latter end of the second bumper

member was fixed to a stationary head of the hydraulic

press. The fender was compressed by the hydraulic press
to determine the distortion (compressibility)—reaction
force characteristic. The compressibility was
determined by the following expression:
Compressibility(%)=(H,~H,')/Hx100

where‘H0 denotes the overall height of th.e fender in
initial shape and. H,’ denotes the overall height of the
compressed fender. The results are shown in the graph
of Fig.il.

As seen from Fig.1ll, the fender 9 of Comp'af:ative
Example 1, as the conventional éxample, had a small
compressibility of 60% representing the distortion D at
the time when the reaction force, re-increased again,
reached the point B representing the same level of
reaction force at Maximum Poinlt A. The following was
found by continuing the observation of how the compressed
fender deformed. After buckling, the fender 9 of
domparative Example 1 assumed the position of Fig.20B
with a smaller distortion than the Examples to be
described later, the position wherein the outer

peripheries 91a, 92a of both the members 91, 92 came into
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contact with each other. This was because the outer
peripheries 91a, 92a defined one continuous, step-free
surface.

It was also found that the fender 9 of Comparative
Example 1 presented a small percentage reaction force
of 87.5% at Minimum Point C based on the reaction force

at Maximum Point A, thus-suffering a great decline in

the reaction force after buckling, i.e., after Maximum

Point A. The examination of a sectional shape of the
buckled fender revealed that, as shown in Fig.20B, the
fender contained a large cavity CV between the bent
members 91, 92.

The fender 9 of Comparative Example 2 was also
determined to have a small compressibilif.y of 58%
representative of the distortion D, the fender wherein
the first bumper member 91 was formed in a conical shape
with one end haviné a greater diameter than the other
end, the former end having a greater thickness T;, than

that T,, of the latter end. The following was found by

continuing the observation of how the compressed fender

deformed. After buckling, the fender 9 of Comparative

-Example 2 assumed the position of Fig.10B with a smaller

distortion than the Examples to be described later, the
position wherein the outer peripheries 91a, 92a of both

the members 91, 92 came into contact with each other.
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This was because the outside diameter of the first bumper
member 91 was not constant but increased toward its'

former end, although the duter'peripheries 91la, 92a

included the step.

It was also found that the fender 9 of Comparative
Example 2 presented a percentage reaction force of 97.0%
at Minimum Point C based on the reaction force at Maximum
Point A, thus having a small decline in the reaction force
after buckling, i.e., after Maximum Point A. The
examination of a sectional shape of the buckled fender
revealed that a corner of a step 94 formed between the
outer peripheries 91la, 92a of the memberé 91, 92 was
caught in the buckled portion, eliminating the cavity
thereat.

In contrast, all the fenders].of:Exaﬁples 1-4 were
determined to have great compressibilities of 62 to 67%
representative of the distortion D. The following was
found by continuing the observation of how the compressed
fender deformed. After buckling, the fenders 1 of the
Examples assumed positions, as shown in Figs.2B, 7B, 8B
and 9B, with greater distortions than Comparative
Examples 1-2, the positions wherein the outer
peripheries 1lla, 12a of both the members 11, 12 came into
contact with each other.

It was also found that all the fenders 1 of the
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Examples had percentage reaction forces at Minimum Point
C of 92.5 to 97.5% based on the reaction force at Maximum
Point A, thus presenting small declines in the reaction
force after buckling,.i.e., aftér Maximum Point A. The
examination of sectional shapes of the buckled fenders
revealed that a corner of the step 14 formed between the
outer peripheries 1la, 12a of the members 11, 12 was
caught in the buckled portion, éliminating the cavity
thereat.

A comparison of Examples 1, 3 and 4 showed the
following tendencies, these Examples having the same

ratio T,/T, but different ratios H,/H, and angles 8;,. With

increase in the ratio H,/H, and with decrease in the angle

8,, the overall energy-absorption capacity tends to

decline. On the other hand, as the ratio H,/H, decreases
and the angle 0, increases, the constant load area for
the first bumper member 11 becomes smaller. The results

are tabulated in Table 8.
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TABLE 8
Reaction force drop at Min. Compressibility (%)
Point C (%) *1 representing distortion D
Ex.1 92.5 63
Ex.2 95.0 : ' 65.5
Ex.3 97.5 65
Ex.4 96.5 : 62.5
C.Ex.1 : 87.5 60
C.Ex.2 97.0 58

*1: percentage reaction force based on the reaction force
.at Maximpm Point A
Example 5

| A circle-type fender 1 was fabricated as follows.
The following materials were charged in a mold and heated
under pressure for vulcanizing a rubber base material.
Thus was obtained the fender having the genefal
appearance shown in Fig.3 and the seétional shape shown
in Figs.4A, 4B as well as dimensions and an angle listed
in Table 9. A projection 15 was of a trapezoidal shape
in section, having dimensions listed in Table 10.
A rubber compound: a rubber base material comprising
a rubber mixture containing natural rubber and butadiene
rubber in a weight ratio of 6:4;
A re-inforcement member in one end of the first bumper
member 11: a disk-like steel plate having a thickness
of 28 mm and an outside diameter of 670 mm and including

a through hole of inside diameter of 270 mm at its center;
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A reinforcement member in the flange 13:

43

a disk-like

steel plate having a thickness of 28 mm and an outside

diameter of 1470 mm and including a through hole'of inside

diémeter of 730 mm at its center.

TABLE 9
T, 230mm
T, 230mm

H, 1000mm
H, 250mm
H, 75 0mm

HI/HD 0.25

6, 72.5°

D, 700mm

D, 1500mm

TABLE 10
H; 375mm
T, 20mm

T,/T,x100 8.7%
W, 100mm
W, 125mm
Ws 50mm
W, 5 0mm
Wl/Wz 4/5
W,+W, 225mm

(W,+W,) /H,x100 30.0%

Example 6

The same rubber

compound

and two

types

of
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reinforcement members as in Example 5 were used to
fabricate a circle-type fender 1 having the sectional
shape shown in Figs.5A, 5B as well as dimenéions and an
angle listed in Table 11. A projection 15 was of a
triangular shape in section, having dimensions listed

in Table 12.

TABLE 11
T, 230mm
T, 230mm
T,/T, 1.0
H, 1000mm
H, 250mm
H, 750mm

H,/H, | 0.25

0, 72.5°

D, 70 0mm

D, 1500mm

TABLE 12
H, 375mm
T, _ 40mm

T,/T,x100 17.4%
w, 100mm
W, 125mm
W, /W, 4/5
W,+W, 225mm

(W,+W,) /H,x100 30.0%

Comparative Example 3

The same rubber compound and two types of
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reinforcement members as in Example 5 were used to
fabricate a circle-typé fender 1 having the conventional
sectional shape shown in Fig.22A as well as dimensions

and an angle listed in Table 13.

TABLE 13
T, 265mm
T, 265mm

H, 1000mm
H, 250mm
H, 750mm

H,/H, | 0.25

0, 72.5°
D, 77 0mm
D, 1500mm

Comparative Example 4
The same rubber compound and two types of

reinforcement members as in Example 5 were used to

~fabricate acircle-type fender 1 having a sectional shape

shown in Figs.12A, 12B as well as dimensions and an angle-
listed in Table 14. A projection 15 was of a trapezoidal

shape in section, having dimensions listed in Table 15.
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TABLE 14
T, 230mm
T, 230mm
T,/T, 1.0
H, 1000mm
H, 250mm
H, 750mm

H,/H, | 0.25

0, 72.5°

D, 700mm

D, 1500mm

TABLE 15
Hy 375mm
T 20mm

T,/T,x100 8.7%
W, 50mm
W, , 175mm
Ws 25mm
W, 125mm
W,/W, 2/7
W1+Wz- 225mm

(W,+W,) /H,x100 30.0%

Comparative Exaﬁple 5

The lsame rubber <compound and two types of
reinforcement members as in Example 5 were used to
fabricate é circle-type fender 1 having a sectibnal shape
shown in Figs.13A,13B as well as dimensions and an angle
listed in Table 16. A projection 15 was of a trapezoidal

shape in section, having dimensions listed in Table 17.
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TABLE 16
T, 230mm
T, 230mm
T,/T, 1.0
Hy, 1000mm
H, 250mm
H, 750mm

HI/HO 0025

0, 72.5°
D, 700mm
| D, 1500mm
TABLE 17
H, 375mm
T, 20mm
T,/T,x100 8.7%
W, 200mm
W, 25mm
W, 125mm
W, 25mm
W,/W, 8/1
W+W, 225mm
(W,+W,)/H,x100 30.0%

Principal dimensions of the above Examples, Comparative
Examples and Comparative Example 1 are tabulated in Table

18.



10

15

48

TABLE 18
T, T, T,/T,x H, W, W, | Wy/W, [W+W, [(W,+W;)/
100 H,x100

Ex.5 230 20 8.7 375 | 100 ] 125 4/5 225 30.0.
EX.6 230 40 17.4 | 375 | 100 | 125 4/5 225 30.0
CEx.1 | 230 ° - - 375 - - - - -
CEx.3 | 265 - - 375 - - - - -
CEx.4 | 230 20 . 8.7 375 50 | 175 2/7 225 30.0
CEx.5 | 230 20 8.7 375 | 200 25 8/1 225 30.0

The fenders of the above Examples and Comparative
Examples were subjected to the aforesaid compressive.
test. The results are shown in the graph of Fig.l4.

As seen from Fig.l1l4, the fender 9 of Comparative
Example 3 having a greater thickness of the first and
second bumper members 91, 92 than those of Comparative
Example 1 had an increased percentage reaction force of
119% at Maximum Point A based on that of Compafative
Example 1. It was found, however, that the fender 9 of
Comparative Example 3 had é small compressibility of 53%
representative of the distortion D. The following was
found by continuing the observation of how the compressed
fender was deformed. After buckling, the fender 9 of
Comparative Example 3 assumed the position of Fig.22B
with a smaller distortion than Comparative Example 1 and
the Examples to be described later, thé position wherein
the areas 92b, 92c above and below the buckling position

BP on the inner periphery of the second bumper member
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92 came into contact with each other. This was because,
as mentioned supra, the second bumper member 92 was
increased in thickness.

The fender 1 of Comparative Example 4 had the

projectioh shifted downward relative to the buckling

position BP, had a percentage reaction force of 102% at
Maximum Point A based on that of Comparative Example 1,
showing little increase in the reaction force. It was
also found that the fender 1 of Comparative Example 4
had a small compress_ibility of 58% representative of the
distortion D. The examination of a sectional shape of
the buckled fender 1 of Comparative Example 4 revealed
that the fender was buckled along the upper side of the
projection 15, as shown in Fig.l2cC.

The fender 1 of Comparative Example 5 had the
projection shifted upward relative to the buckling
position BP, had a percentage reaction force of 103% at
Maximum Point A based on that of Comparative Example 1,
showing little increase in the reaction force. It was
also found that the fender 1 of Comparative Example 5
had a small compressibility of 58% representative of the
distortion D. The examination of a sectional shape of
the buckled fender 1 of Comparative Example 5 revealed
that the fender was buckled along the lower side of the

projection 15, as shown in Fig.13C.



10

15

20

50

In contrast, the fenders 1 of Examples 5, 6 both
attained increased percentage reaction forces of 110%
at Maximum Point A based on that of Comparative Example
1. It was also found that both the fenders of these
Examples had a great compressibility of 62 %
representative of the distortion D. The examination of
sectional forms of the buckled fenders 1 of Examples 5,
6 revealed that the fenders assumed a buckled position,

as shown in Figs.4C and 5C, respectively, wherein the

second bumper member 12 buckled in a manner to clamp the

projection 15. Thefollowingwasfoumﬂbycontinuingthe
observation of how the compressed fender deformed.
After buckling, the fenders 1 of these Examples assumed
the respective positions shown in Figs.4C and 5C with
a greater distortion D than the Comparative Examples
because of the projection 15 clamped in the above manner,
the position wherein the areas 12b,'12c above and below
the projection 15 on the inner periphery of the second
bumper'member'12.came into contact with each other. The

results are tabulated in Table 19.
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TABLE 19

Increase of percentage|Compressibility (%)
reaction force at Max. Point|representing distortion D
A (%) *2

Ex.5 110 62

Ex.6 110 62

C.Ex.1 100 60

C.Ex.3 119 53

C.Ex.4 102 58

C.Ex.5 103 58

*]1: percentage reaction force based on the reaction force -
of Comparative Example 1 (100%)
Example 7

The same rubber compound as in Example 5 and the
following two reinforcement members were used to
fabricate a circle-type fender 1 having a sectional shape
shown in Figs.6A, 6B as well as dimensions and an angle
listed in Table 20. A projection 15 was of a trapezoidal
shape in section, having dimensions listed in Table 21.
A reinforcement member in one end of the first bumper_
member 11: a disk-like steel plate having a thickness
of 28 mm and an outside diameter of 650 mm and including
a through hole of inside diameter of 270 mm at its center;
and
A reinforcement member in the flange 13: the same steel

plate as in Example 5
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TABLE 20
T, 220mm
T, 244mm
T,/T, 0.9
H, 1000mm
H, 180mm
H, 820mm

H,/H, 0.18

9, 75.0°

D, 680mm

D, 1500mm

TABLE 21
H, 410mm
Ts 20mm

T,/T,x100 8.2%
W, . 100mm
W, 125mm
Wa. 50mm
W, 50mm
W,/W, 4/5
W,+W, 225mm -

(W,+W,) /H,x100 . 27.4%

Example 8

The same rubber compound and two reinforcement
members as 1in Example 7 were used to fabricate a
circle-type fender 1 héving a sectional shape shown in
Figs.15A, 15B as well as dimensions and an angle listed
in Table 22. A projection 15 was of a trapezoidal shape

in section, having dimensions listed in Table 23.
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TABLE 22
T, 220mm
T, 244mm
T,/T, | 0.9
H, 1000mm
H, 230mm
H, 770mm

H,/H, | 0.23

0, 75.0°

D, 68 0mm

D, 1500mm

TABLE 23
Hy 380mm
T, ' 20mm

T,/T,x100 8.2%
W; | 100mm .
W, 125mm
W, 50mm

. W, 50mm
W,/W, 475
W, +W, 225mm

(W,+W,) /H,x100 29.2%

Example 9

The same rubber compound and two reinforcement
members as in Example 7 were used to fabricate a
Eircle-type fender 1 having a sectional shape shown in
Figs.16A, 16B as well as dimensions and an angle listed
in Table 24. A projection 15 was of a trapezoidal shape

in section, having dimensions listed in Table 25.
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TABLE 24
T, 220mm
T, 244mm

T,/T, [0.9

H, 1000mm
H, 300mm
H, 700mm

H,/H, | 0.30

6, 70.0°

D, 68 0mm

D, 1500mm

TABLE 25
H; 350mm
T, 20mm

T,/T,x100 8.2%
W, 100mm
W, 125mm
W, 50min
W, 5 0mm

W, /W, 4/5
W +W, 225mm

(W,+W,) /H,x100 32.1%

Example 10

The same rubber compound and two reinforcement
members as in Examp.le 7 were used to fabricate a
circle-type fender 1 having a sectional shape shoﬁn in
Figs.1l7A,17B as well as dimensions and an angle listed
in Table 26. A projection 15 was of a trapezoidal shape

in section, having dimensions listed in Table 27.
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TABLE 26

T, 220mm

T, 244mm

T,/T, 0.9

Hy, 1000mm

H, 100mm

H, - 900mm

H,/H, 0.10 )

0, 80.0°

D, 680mm

D, 1500mm

TABLE 27
H, 450mm
T, 20mm

T,/T,x100 8.2%
W, 100mm
W, 125mm
W 50mm
W, - 5 0mm
W, /W, 4/5
W W, 225mm -

(Wy+W, ) /H,x100 25.0%

Comparative Example 6

The same rubber compound and two reinforcement
membefs as in Example 7 were used to fabricate a
circle-type fender 1 having a sectional shape shown in
Figs.18A, 18B as well as dimensions and an angle listed
in Table 28. A projection 15 was of a trapezoidal shape

in section, having dimensions listed in Table 29.
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TABLE 28
T, 220mm
T, 244mm
T,/T, 0.9
H, 1000mm
H, 180mm
H, 820mm

H,/H, | 0.18

0, 75.0°

D, 680mm

D, 1500mm

TABLE 29
H, _ 410mm
T, 2 0mm

T,/T,x100 8.2%
w,’ 35mm
W, 26 0mm
W,’ 110mm
w,’ . 210mm -

The principal dimensions of the above Examples and

Comparative Example are tabulated in Table 30.



TABLE 30

T, T, T, 1 T2/ T2 |T,/T,% | By H,/H, | H, W, W, Wy /Wy | Wit W,  [(W,+W,) /H,x
100 100

Ex7 220 244 20 -] 0.9 8.2 180 0.18 | 410 100 125 4/5 225 27.4

Ex8 220 244 20 0.9 8.2 230 0.23 | 380 100 125 4/5 225 29.2

Ex9 220 244 20 0.9 8.2 300 0.30 | 350 100 125 | 4/5 225 32.1

Ex10 | 220 | 244 20 0.9 8.2 100 0.10 | 450 100 125 4/5 225 25.0

CEx6 220 244 20 0.9 8.2 180 0.18 | 410 |[(35) [(260) ]| - (225) (27.4)

LS
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The fenders of the above Examples and Comparative
Example were subjected to the aforesaid compressive test.
The results are shown in the graph of Fig.19.

As seen from Fig.19, the fender 1 of Comparative
Example 6 had a smaii compressibility of 58%
representative of the distortion D.- The fender 1 of
Comparative Example 6 had a percentage reaction force
of 91% at Minimum Point C based on the reaction force
at Maximum Point A, thus showing a small decline in the
réactionforceafterbuckling,i.e.,afterMﬁximumPoint
A.

In contrast, all the fenders 1 of Examples 7-10 were
determined to have great compressibilities of 67 to 70%
representative of the distortion D. The fenders 1 of
Examples 7-10 had percentage reaction forces of 91 to
95% at Minimum Point C based on the reaction force at
Maximum Point A, thus showing small declines in the
reactionforceafterbuckling,i.e.,aftarMaximumPoint
A.

A comparison of the Examples showed that with
increase in the ratio H,/H, and with decrease in the angle
8,, the overall energy absorption tends to decline. On
the other hand, as the ratio H,/H, decreases and the angle
0, increases, the constant load area for the first bumper

member 11 becomes smaller. The results are tabulated in
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~ N
‘Table 31.
TABLE 31
Reaction force drop at Min.|Compressibility (%)
oint € (%) *1 * Jrepresenting distortion D
Ex.7 ' 93 70
Ex.8 91 70
Ex.9 - 94 63
Ex.10 | 95 67
C.Ex.6 91 58

*1: percentage reaction force based on the reaction force

at Maximum Point A
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A

CLAIMS:

1; A fender for absorbing the impact of a vessel,
formed of rubber and fixed to a fixing surface of a dock
as having an impact receiving plate secured to a distal
end of its body, the fender comprising:

a first bumper member formed in a cylindrical shape
of a constant outside diameter and defining at one end
of the cjlindrical body thereof a fixing portion for the
impact receiQing plate; | |

a second bumper member connected at one end to the
other end of the cylindrical body of the'first bumper .
member, defining at the other end fhereof é fix portion
to be fixed to the fixing surface, formed in a hollow
conical shape with its latter end gréater in outside
diameter than its former end, and buckling radially
outwardly upon receiving a compressive force from the
ﬁessel thereby absorbing the impact of the vessel; and

a step formed along an outer periphery of a
connection portion between the bumper members, the step
defined by the former end of the second bumper member
having a greater outside diameter than the latter end
of the first bumper member.

2. The fender'as claimed in Claim 1,
wherein the first bumper member and the second

bumper member share the same inside diameter at the
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connection portion, and

wherein a ratio T,/T, is in the range of 0.8 to 0.9,
T, denoting a thickness of the first bumper member, T;
denoting a thickness of the second bumper member.

3. ‘The fender as claimed in Claim 1, wherein a ratio
H,/H, is in the range of 0.1 to 0.3, H, denoting an axial
height of the cylindrical body of the first bumper membe.f,
H, denoting an overall height of the fender with respect
to the axis of the cylindrical body.

4. The fender as claimed in Claim 3, wherein an angle
8, between the fixing surface and a generatrix of the
conical body of the second bumper member is in the range
of 70 to 80°.

5. A fender for absorbing the impact of a vessei,
formed of rubber and fixed to a fixing surféce of a dock
as having an impact receiving plate secured to a.distal
end of its body, the fender comprising:

a first bumper member formed in a cylindrical shape
of a constant-outside diameter and defining at one end
of the cylindrical body thereof a fixing portion for the
impact receiving plate;

a second bumper member connected at one end to fhe
other end of the cylindrical body of the first bumper
member, defining at the other end thereof a fix portion

to be fixed to the'fixing surface, formed in a hollow
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conical shape with its latter end greater in outéide
diameter than its former end, and buckling radially
outwardly upon receiving a compressive force from the
vessel thereby.absorbing the impact of the vessel; and
a projection having a constant width and formed
along a buckling position on an inner periphery of the
second bumper member.
6. The fender as claimed in Claim 5, wherein a ratio
W,/W, is in the range of 3/6 to 6/3, W, denoting a distance
from the buckling position to an upper side of the
projection along an axis of the conical body of the second
bumper member, W, denoting a distance from the buckling
position to a lower side of the projection along the axis
of the conical body.
7. The fender as claimed in Claim 6, wherein a distance
W,+W, between the upper side and the lower side of the
projection along the axis of the conical body is in the
range of 20 to 40% of a height H, of the second bumper
member along the axis of the conical body.
8. The fender as claimed in Claim 7, wherein the
projection is of a trapezoidal shape in section and has
a projection height T; from the inner periphery of the
second bumper member in the range of 5 to 15% of the
thickness T, of the second bumpér member.

9. The fender as claimed in Claim 7, wherein the
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projection is of a triangular shape in section and has
a projection height T, from the inner periphery of the
second bumper member in the range'of 15.to 20% of the
thickness T, of the second bumper member.

10. The fender as claimed in Claim5, further comprising
a step along an outer periphery of a connection-portion
between the two bumper mémbérs, the step defined by the
former end of the second bumper member having a greater
outside diameter than the latter end of the first bumper

member.



