; st.e3eNK. $64T9@ DESCRI PTION Fender for ship Technical Field 5 The
present I nvention relates to a fender for ship, and ﬁrrt cul ar | m
F or

relates to a fender fixed to a quay to be used as a buff mMﬂwwuwWﬁm

the |ike cones al ongside the quay or noors at the quay.
Techni que A fender for ship absorbing energy and buffering a *s®wmek when a
ship cones al ongside the quay or the |ike thereby protecting the hull of
the ship is frequently used. Fig. 6 is a diagramshow ng the secti onal
structure 15 of such a fender, which is described in Japanese Patent
Layi ng- Open No. 2001-172939 as prior art. Referring to Fig 6, the fender
61 is formed by a cylindrical first supporting part 91 stant
external shape and a constant thickness and a hollom/20 H@m nlcal
second supporting part 92, havi ng PESGREPIFON hi ckness, sprea romt he
base end of _the first supporting part 91 toward a Iocatlng ie Q of a
quay or theF¢RERY Pk SWlRalled circle fender integrally forned by an

el astic material such as rubber is widely and 25 generally used as the
fender 61. A receiving nmenber such - 1

Technical Field

5 The present invention relates to a fender for ship,
and more particularly, it relates to a fender fixed to a
quay to be used as a buffer when a ship or the like comes

alongside the quay or moors at the quay.

10 Background Technique

A fender for ship absorbing energy and buffering a
shock when a ship comes alongside the quay or the like
thereby protecting the hull of the ship is frequently used.

Fig. 6 is a diagram showing the sectional structure

15 of such a fender, which is described in Japanese Patent
Laying-Open No. 2001-172939 as prior art.

Referring to Fig. 6, the fender 61 is formed by a
cylindrical first supporting part 91 having a constant
external shape and a constant thickness and a hollow

20 truncated-conical second supporting part 92, having a
constant thickness, spreading from the base end of the
first supporting part 91 toward a locating plane Q of a
quay or the like. The so-called circle fender integrally
formed by an elastic material such as rubber is widely and

25 generally used as the fender 61. A receiving member such



as.a receiving plate is mounted on the forward end of the first supporting
part 91 to be used, although this receiving nenber is not shown in Fig. 1.
When receiving conpressive force fromthe ship comng 5 al ongsi de the quay,
such a circle fender 61 first causes reaction force against this
conpressive force, starts bending on the boundary portion between the first
supporting part 91 and the second supporting part 92 and a substantially
central position along the height direction 10 in an internedi ate portion
of the second supporting part 92, and buckl es when the reaction force
cannot finally withstand the conpressive force. Then, the overall fender is
defornmed until the sane is folded substantially with no cl earance, and
further conpressively deforned as a |unp_of 15 rubber. Fig._ 7 shows the
result of BRedpF6EEI¥iAY PhAtedasonarRteR ontbhe foEyARd wrhieF detd i on
force characgteristic curve showi ng the displacenent of the fender 61

resul ting ¢F6ﬁFc§HEPQ§§FBH EﬁHttﬁg teakei BFe20 dbtRRUER A i n the fender
61 at this tinme..ln erio betmeeg the ordinary state shown

in Fig. 6 QﬁﬁeéVﬁBﬂnPeW dF§t8P§ BE?%?elBuEkﬁrn of the bent portion

Fg 7 int L?shﬁépl ”tagreﬁ-ﬁén?si?a%??%%g‘%%g it £ POl oA T e BB i ve

for cescauses shlig sacche, E3G! ! SUchoRCE 10T T ELNISE NG, LoLide ariglaal state,

and hence eacti on f i S Irncreased owever, the

fender 61 &%%%%ﬁﬁskogf:et gﬁg_%gf:e@ﬁﬂé'@ ré§§£\9é°f‘o &S é‘ence the

reaction 5 force of 6l 1S re ed until e overa fender 61 is
crushed anéehahﬁgdonl@hetBeﬁnaekgspoihfoﬁeeeeweéﬁ EﬁélfW§séhe process from
t he maxi mum point A to a mninmum point C. When conpletely fol ded, the
overal | fesdppotting bHik® behawasths seloi®d Shppobbiig gsatierE2 e \ee
described, 10 to cause large reaction force again. In other words, it
fol |l ows t hanbshentéadllyonehared pesibhiesiabdhy therlkabgu tdiwemgthien poi nt B
after passing through the mnimum point C. Wen the fender having such a
char 36t eri ¢ni ancintermedistegeportihen abovkei secord sypperkintdaxthe usabl e
range thereof is generally fromthe origin Oto the point B where the
reaction f8PeeaPAcPEgldasalich FReotgACEHRN phPFee A bi 5Ny sane

t f | th t A_Int ft t,
he. usab eaﬁ%ﬁaﬁpﬁeﬁg rsaﬁpa”??a?‘#é” PRECE angiidhn veener i Vg depstand 1 he
i splacereqt, Beefbhaa SAUII A0 LanePLoystlish e LbS e Lo R proR I LT Ly

that the réac orce 3 exces veél i NC eased o PsE em such as

damage of %EQFQHLE BEB 32+ HeFPLAREIESL 1 1217 2afr BARLA Ofs COT 1 GRPWI Ng tO

the area S
15 rubber.
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Fig. 7 shows the result of the process of this
deformation with a displacement-reaction force
characteristic curve showing the displacement of the
fender 61 resulting from compression and the reaction

20 force caused in the fender 61 at this time. In other words,
a period between the ordinary state shown in Fig. 6 and a
point immediately before buckling of the bent portion
corresponds to the interval between the origin O and a
maximum point A in Fig. 7. In this period, the fender 61

25 bent by receiving the compressive force causes the



- 3 partitioned by this characteristic curve, the horizontal axis
passing through the origin O and a vertical axis passing through the point
B shows the quantity of energy absorbable by such a fender in the all owed
range up to the 5 displacenent D. Therefore, it is necessary to increase
the reaction force while increasing the displacenent thereby increasing the
absorbed energy as an effective fender. Accordingly, an object of the
present invention is to provide a fender having a | arge val ue of a maxi num
point A 10 while efficiently increasing the value of displacenment Din a

di spl acenent -reaction force characteristic curve. Disclosure of the
Invention In order to attain the aforenenti oned object, a 15 fender
according to a fjrst aspect of the present invention is a fender for ship,

i ntegral |y ¥AGePhyfoanre| s ikeBudingudle dbher gpBeinadofprterngnd di scoid
receiving part, a hollow truncated-conical first supporting part connected
to the recdl$ATR) e 1T YOO QKGN d5CE€235€Hom t he outer peripheral edge

f th i Vi t a hol | t t ed- i cal d ti t
connect ed to t haa s T Foo0deRaral § s pPega Poh She outer.
i ph | .ed f_the fidrst A tt h i.rst t,
Wi 16 the 28 e TR MU SRES andt RelGsorbencakEBand - 4
the sagond SURROTS NthPFedn UV G 1S SELHEGRLER RALS QubrBLELYIEPEERALPO I
e second ‘support’ing part, e’inclination o e outer periphéral wall of

the first sppastd A tadd fRadd theotRELi Pakign Ohe tASnM &f1 5

peri pheral wall of the second supporting part Is 15 to 17.5. According to

this structtgBowsLatid Prd¥ste fron MHLaadmandpbhatval g af miazklf
di spl acenent is increased in a displacenent-reaction force curve. 10 A

fender accgigling ¢.0 wheacebfipdspelty 06l8be, ptesesveraVEnféender S6h frender
for ship, integrally formed by an el astic body such as rubber, conprising a
di scoi d redaimn rephpards as kolllump tofunudbbed- asnhexkeinabstresdpporiibad, part
connected to the receiving part to 15 outwardly spread fromthe outer

peri grer al tedgrawse tlargegsadtigmfiarcen@gainel | bw otex drexdsonittal second
supporting part connected to the first supporting part to outwardly spread
from t he oufekl9ns iPHdr dheegRacdilamdoricesiss Qpportiiigglpaincrarsagh a fir st

step part, ile the | . - .
PP g%}ough a point B after passing through the minimum point

C.
When the fender having such a characteristic curve as
15 described above is used in practice, the usable range
thereof is generally from the origin O to the point B
where the reaction force increased again through the point
C exhibits the same reaction force value as the maximum
point A. In terms of the displacement, the usable range is
20 requlated to the range between the origin O and the
displacement D. This regulation is employed since there is
a possibility that the reaction force is excessively
increased to cause a problem such as damage of the hull
after the displacement D.

25 A portion corresponding to the area S, of a region



20.inner peripheral walls of the first supporting part and the second
supporting part have second step parts outwardly spreading in the second
supporting part, the first supporting part is connected through a third
step part horizontally and outwardly extending fromthe outer 25 peripheral
edge of the receiving part, the inclination of - 5 t he outer peripheral
wall of the first supporting part is 15, the inclination of the outer

peri pheral wall of the second supporting part is 15, and the ratio of the
horizontal length A of the third step part to the dianeter 5 D of the
receiving part is 0 to 0.04 % According to this structure, a

di spl acenent-reaction force curve suitable to the fender is obtained. In a
fender according to a third aspect of the present invention, the
inclinatio@@ﬁté£%QHQQu9y podispFdRFacteTAELES ENE¥Ey £het Rerizedtdlng part
is 7.3 with respect to the second step parts ia t he st[uciure,according to
the first ASFEPAFS 1% WL igﬁé 1980 Re@pfle@eRELEAGRAL PBRS According

to this structure he reaction f.orce is further increased_on a_stable
(i spl aceneRESSATE HO a5, Shes boifire® ABoHE: bhRaaboBtELch ener e
reaction f 1S 190CH il t I o] i epneny i | so
i ncreased %%%%?3%%62%53?%§%P??sFéﬁégﬁbﬁﬂogﬁ?hél%ggggn?Bbﬁéeﬁﬁi%%,é?ﬁereby
brovi éing & sehiaethictR beNIehehaybPd, 312014 A Qe AT+ i ABRAIRE L RIS 0.
According to the second aspect of the present

reaction force while increasing the displacement thereby

increasing the absorbed energy as an effective fender.

Accordingly, an object of the present invention is to
provide a fender having a large value of a maximum point A

10 while efficiently increasing the value of displacement D

in a displacement-reaction force characteristic curve.

Disclosure of the Invention
In order to attain the aforementioned object, a

15 fender according to a first aspect of the present
invention is a fender for ship, integrally formed by an
elastic body such as rubber, comprising a discoid
receiving part, a hollow truncated-conical first
supporting part connected to the receiving part to

20 outwardly spread from the outer peripheral edge of the
receiving part and a hollow truncated-conical second
supporting part connected to the first supporting part to
outwardly spread from the outer peripheral edge of the
first supporting part through a first step part, while the

25 inner peripheral walls of the first supporting part and



i nvention, a displacenent-reaction force curve suitable to a fender is
obt ai ned, thereby providing a fender having a stable anmount of absorbed
energy. 25 According to the third aspect of the present - 6 i nvention,
the reaction force is further increased in a stable displacenent-reaction
force curve in addition to the effect of the first aspect or the second
aspect of the present invention, thereby providing an efficient fender. 5
The foregoing and ot her objects, features, aspects and advantages of the
present invention will becone nore apparent fromthe follow ng detail ed
description of the present invention when taken in conjunction with the
acconpanyi ng drawi ngs. 10 Brief Description of the Drawings Fig. 1 is a
di agram showi ng a schematic sectional structure_of a fender according to a
first embodiifemecond KIPROSLdRY PAFENPABR. S€5ORH ¢SteP|RAKLY agr am showi ng
di spl acenent -reaction force curves in a caae of varzing t he inclination of
e

a second sONOREAYY SRFEANY ABshBet SEGOPHeSYRROEFIRARM T n H'Y. 1. Fig. 3
i di how di spl t- ti 20 f i f
varying. thaRCTCRARIBRoR Tof- 1n SUBEEr BERARPORAR Bhef cPEvER SHFEr eapect to

t he fend i Q.1 Fi.go 4] i i j
secti onal SUPRSESR P e ashape ncand Fhf PE ORI BRPRI S o e

presenrt in : ing. b$ 2 di a 1 i te Leaction
For oo cur vEE TR RTad el o ohel o E KRR RO Mo b e RS e o i
respect to jtsheefender shown in Fig. 4. Fig. 6 is a diagramshow ng a

schematic sectional 5 structure of a conventional fender. Fig. 7 is a
di agr am show ng pecdirainac e rhiceserhetute; Ceeadt ¥onr e6PO8Siye to the

rel ati on between reaction force and di spl acenent of a general fender. 10
Best Modes imeireGaledyiandg Qhle tA@uknwvEntitable displacement is
increased in a displacement-reaction force curve.

10 A fender according to a second aspect of the present
invention is a fender for ship, integrally formed by an
elastic body such as rubber, comprising a discoid
receiving part, a hollow truncated-conical first
supporting part connected to the receiving part to

15 outwardly spread from the outer peripheral edge of the
receiving part and a hollow truncated-conical second
supporting part connected to the first supporting part to
outwardly spread from the outer peripheral edge of the
first supporting part through a first step part, while the

20 inner peripheral walls of the first supporting part and
the second supporting part have second step parts
outwardly spreading in the second supporting part, the
first supporting part is connected through a third step

part horizontally and outwardly extending from the outer

25 peripheral edge of the receiving part, the inclination of



Fig. 1 is a diagramshow ng a schematic sectional structure of a fender
according to a first enbodi nent of the present invention. Referring to Fig.
1, the fender 11 is integrally 15 forned by an el astic body such as rubber,
a polynmeric material consisting of polyurethane or the |ike having

el asticity, or the like. Mre specifically, the fender 11 is fornmed by a

di scoid receiving part 13, a hollow truncated-conical first supporting part
15 connected to 20 the receiving part 13 to outwardly spread fromthe outer
peri pheral edge of the receiving part 13, a hollow truncated-conical second
supporting part 16 connected to the first supporting part 15 to outwardly
spread fromthe outer peripheral edge of the first supporting part 15 25
through a first step part 20 and a _flange 18 connected to _ g _ the | ower
end of t he thec OvFeJuReFHphey adamalls ofhthegH 14SEy SIREPFEANI pRAT LS b8

mount i ng the fender 11_in contact with a quay or the |ike. A receiving
menber suchbas EheedBFIiRatpPA: &fj the %%Eﬂ%eﬂeﬁhp??ﬁﬁ¥nﬂﬁilsﬁﬁkihﬁ t he

n Fig 1. o néﬁg&a%a%ﬁrt&%%ﬁma'&%ﬁ%” B heafdntes Bt Pho ol ove: 10

Tot al He' ht H h I |l

for med b'ygg%éz oA AR ot Beet BEod, K5 PebaRY Y bAF: T1aneher

incllged s;r gjkﬁ%b@%iyln. g}&Qe 08 Q% Io%qtgd upmard t hrough a second
1 and anincline

step part face
According to this structure, a displacement-reaction

force curve suitable to the fender is obtained.

In a fender according to a third aspect of the

present invention, the inclination of the inner peripheral
10 walls closer to the receiving part is 7.3° with respect to

the second step parts in the structure according to the

first aspect or the second aspect of the present invention.

According to this structure, the reaction force is
further increased on a stable displacement-reaction force

15 curve.

As hereinabove described, the reaction force is
increased while the value of the displacement is also
increased according to the first aspect of the present
invention, thereby providing an effective fender having a

20 large amount of absorbed energy.

According to the second aspect of the present
invention, a displacement-reaction force curve suitable to
a fender is obtained, thereby providing a fender having a
stable amount of absorbed energy.

25 According to the third aspect of the present



15.having an inclination 6, |ocated bel ow the second step part 21. D aneter
D of Receiving Part 13 = 704 nmm Di aneter B of Quter Edge of Flange 18 =
1200 mm Inclination 61 of Quter Peripheral Wall of Second 20 Supporting
Part 16 = 15 Inclination 6Z of Quter Peripheral Wall of First Supporting

Part 15 = 15 Inclination 63 of Upper Inner Peripheral VWall = 7.3
Inclination 64 of Lower Inner Peripheral Wll = 7.9 25 In the fender 11
havi ng such di nensions, reaction _ ¢ force and di spl acenent caused when

varying the inclination 61 of the outer peripheral wall of the second
supporting part 16 were neasured. Fig. 2 shows displacenent-reaction force
curves 5 obtained in this manner. Referring to Fig. 2, sanples having five
types of values 10, 12.5, 15, 17.5 and 20 as to the inclination 61 of the
second suppeMantgPByr tthes KRACE igneSoreg if AEESNPENEAFreaFedet® o? ni ng
experinments. Consequently, the 10 fqllowi ng results were obtained as to the
i ncl i nat i orf %P 1en @ISR} afelstcEPert 10PN EPFRSL FBRVE 118 2ddibhal OFQ pl acenent

Supportlngeﬁgﬁéf¥%ég 5¥)the first aspect or the second aspect of the

present invention, thereby providing an efficient fender.

5 The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

10
Brief Description of the Drawings

Fig. 1 is a diagram showing a schematic sectional
structure of a fender according to a first embodiment of
the present invention.

15 Fig. 2 is a diagram showing displacement-reaction
force curves in a case of varying the inclination of a
second supporting part with respect to the fender shown in
Fig. 1.

Fig. 3 is a diagram showing displacement-reaction

20 force curves in a case of varying the inclination of an
upper inner peripheral wall with respect to the fender
shown in Fig. 1.

Fig. 4 1is a diagram showing a schematic sectional
structure of a fender according to a second embodiment of

25 the present invention.



53.15 12.562157017.5702063 It has been proved fromthe aforenentioned 20
experinental results that a preferable inclination 61 of the second
supporting part 16 is 15 to 17.5 for setting the displacenent to 70 % in
the fender 11 shown in Fig. 1. Fig. 3 is a diagram show ng

di spl acenent-reaction force curves obtained by varying only the inclination
63 of 25 the upper inner peripheral wall in the fender 11 having - 10

the prescribed di nensions showmn in Fig. 1. Fig. 3 shows curves obtained by
preparing sanples of the fender 11 by varying the inclination 63 to 7.3 and
15 respectively. Wiile the displacenent is identically 70 $ 5 at both
angl es according to these curves, reaction force at the inclination of 7.3
is 1.3 P assunmng that P represents the reaction force at the inclination

of 15. Therefor &9t ¥ ot GwsliA9Fem FRo¥ART d15PLBSFBENhyTSEFELRAR t he

inclination 63 of the inner peripheral wall to 7.3 10 nore effectivel
exhibits agfs%?on?ed:ué:ﬁ’(ﬁsgftn S5 %.asl?pio é(adfiyalé‘rga?fg@h&?ﬂﬂahaogcﬁeﬁéﬁ sec%/i onal

h f f.end i d di f.the.
vent §on. ARG 0 S ERCY R RBRABF e EPHedPar iy 18 for med by an
I ic bod 3:S ) I . ' di :
Vore. speci 11 cal ISt e Forndr pE =it spEs/iy 4 sEhEhaREe s PaEe0RY g Lart 1,

a hol Ipw t rynGRLeH-L Y¥ GRlcddvietit iSHRARO @ Lart 15 connected to the
receiving part 13 to outwardly spread through a third 20 step part 23

horizontal |y angjQut warid ¥ @la@Rdim$nbhamgt Be d9dbeacBREhBDeEaLL g€ Oof the
receiving part 13,” a holl ow truncat ed-conical second supporting part 16

connect ed tfordie dured resipedistivieg tkakhel relatavhwaedivgeapieadtionm t he
outer peripheral edge of the first supporting part 15 25 through a first

step part byl aand |dEpd abfememtnedt @d gemerall fender.

10 Best Modes for Carrying Out the Invention
Fig. 1 is a diagram showing a schematic sectional
structure of a fender according to a first embodiment of
the present invention.
Referring to Fig. 1, the fender 11 is integrally
15 formed by an elastic body such as rubber, a polymeric
material consisting of polyurethane or the like having
elasticity, or the like. More specifically, the fender 11
is tormed by a discoid receiving part 13, a hollow
truncated-conical first supporting part 15 connected to
20 the receiving part 13 to outwardly spread from the outer
peripheral edge of the receiving part 13, a hollow
truncated-conical second supporting part 16 connected to
the first supporting part 15 to outwardly spread from the
outer peripheral edge of the first supporting part 15

25 through a first step part 20 and a flange 18 connected to



the |l ower end of the second supporting part 16 through a cylindrical part
for nmounting the fender 11 in contact with a quay or the like. The inner
peri pheral wall of the fender 11 is formed by a part, closer to the
receiving 5 part 13, padded in the formof a bell, a part, |ocated above
the second step part 21, having an inclination 63 and a part, |ocated bel ow
the second step part 21, having an inclination 6a. The fender 11 according
to this enbodinment is 10 basically identical in shape to the fender
according to the aforenenti oned enbodi nent except the point that the third
step part 23 is fornmed on the boundary between the receiving part 13 and
the first supporting part 15 and the padded part | ocated above the inner
peripheral wall. The 15 inclination 61 of the second supporting part 16 is
15, the i nEPENAPYBA SﬁdontFnBefF?%?D§L$‘ERPQFW$£%“151 $hrongh e
inclination 63 qf .the upper part of the inne ripheral wall is 7.3, and

t he incIinﬁ¥'6ﬂ8§ﬁcﬁf ngtlBgﬁrm?ﬂﬁ5+n%e???ﬁéﬁégéﬁmﬂ 35 ep1g-aql, of per

wor ds, the tgbcknesses 20 gre iﬁcreased in the shapes of the first
suppor t i ng"paPt 2 1898R°F hEP§etdiG" supporting part 16 with respect to those
of the fender agc L hg. 0 ni i ope ' t the horizonta

| ength A of theﬁtgégéﬂg%ég %§§P3g3$3€§c%%t§t %3%%%#? ioﬁg§¥e££ted to the

t hi ckgesse 0f 2 n rofli j : ' r haher al

wal | 1o RPNt OF HRRE o O i BTt &8 M L hose of
the fenderu§689rglﬂﬁoﬁghtEﬁi@f@é@é?@iﬁé"ﬁ%hﬁ%?“&y'Hﬂﬂ;sﬂd%ﬁfﬂﬁ;F%EQOd'"Ent,
sanpl es were prepared by varying the ratio of the horizontal |ength A of
the third gtep 5 part 23 to the dianeter D of the receiving part 13 to 0.00
% (with no third step part 23), 0.04 % 0.08 $, 0.11 % 0.15 $ and 0.19 %
for experinentalfhg speaifiogdiimeps hoesrenf -tleaciemier dricearurasees. Fig. 5 s
a di agram showi ng the di splacenent-reaction 10 force curves expressing the
experinment 8bliewstts. The experinental results were as follows: A/D x 100 %

Di spl acement 0.00 70 0.04 70
10 Total Height H = 814 mm

The inner peripheral wall of the fender 11 is formed
by a bell-shaped portion closer to the receiving part 13,
an inclined surface having an inclination 6, located upward
through a second step part 21 and an inclined surface
15 having an inclination 6, located below the second step part
21.
Diameter D of Receiving Part 13 = 704 mm
Diameter B of Outer Edge of Flange 18 = 1200 mm
Inclination 0, of Outer Peripheral Wall of Second
20 Supporting Part 16 = 15°
Inclination 6, of Outer Peripheral Wall of First

Supporting Part 15 = 15°

Inclination B, of Upper Inner Peripheral Wall = 7.3°
Inclination 6, of Lower Inner Peripheral Wall = 7.9°
25 In the fender 11 having such dimensions, reaction



15.0.08 unsuitable to fender 0.11 unsuitable to fender 0.15 unsuitable to
fender 0.19 unsuitable to fender It has been proved fromthe aforenentioned
20 experinental results that the ratio of the horizontal Iength A of the
third step part 23 to the dianeter D of the receiving part 13 is preferably
set in the range of 0 to 0.04 Wile not shown in each of the aforenentioned
25 enbodi nents, lowfrictional |ayers consisting of - 13 pol yur et hane or
pol yet hyl ene may be provided on the overall surfaces of the receiving part
and the supporting part, whereby the fender can be prevented from
deformation along the traveling direction of the hull when the hull 5 comes
into contact with the fender for attaining an efficient buffering effect by
applying a load only in a conpressive direction. The reaction force
fol | owi ng &experedsdodisPlagemeBRdEAUESH H@emuY@ﬁ%%ngn%h%vé@?%%ﬁ#i%ﬁﬂn ng
into contact 10 with the hull by enbeddi.ng relnfor0| cloth in the fender,
al t hough t Re Shrfehe OURr RfFAPheradadialds ofhdhgr s€8 SYRATEABEdi ment s.
Nyl on woven fabri.c, mesh, metal mesh or the |ike may be enpl oyed as

t he relnfoPéFﬁgléIH?ge TSaﬁPFﬁgugh t he present |nvent|on has been descri bed
and |IlustratedF|n det a % |slc early unders g t hat the sane IS by way
of illustration‘afd hBWE ﬁF? 8ﬁ8m?§ notat l%% 2kER %@IV%

limtation AR of the present invention belng Ilnlted
only %y thgb%§$ﬁ§8 hZBﬂ?g ﬁggggﬁded claims. Industrial Availability As

23{?;B?2°¥§ 2t osder o Eo, ERNE 2T SARELPP SOVHAR EEERTE RS e Somes
al ongsi de Beuegayoof 121¢*, 15°, 17.5° and 20° as to the inclination
0, of the second supporting part 16 were prepared in
measurement for performing experiments. Consequently, the
10 following results were obtained as to the inclination 6,
and the displacement:

Inclination 6, of Second Displacement (%)

Supporting Part 16 (°)

10 53
15 12.5 62
15 70
17.5 70
20 63

It has been proved from the aforementioned
20 experimental results that a preferable inclination 6, of
the second supporting part 16 is 15 to 17.5° for setting
the displacement to 70 % in the fender 11 shown in Fig. 1.
Fig. 3 is a diagram showing displacement-reaction
force curves obtained by varying only the inclination 0, of

25 the upper inner peripheral wall in the fender 11 having

- 10 -



noors at the quay, which is required to increase absorbed energy. - 15 C
LAI MS1 A fender for ship integrally forned by an el astic body such as
rubber, conprising: 5 a discoid receiving part; a hollow truncated-coni cal
first supporting part connected to said receiving part to outwardly spread
fromthe outer peripheral edge of said receiving part; and a hol | ow
truncat ed- coni cal second supporting part 10 connected to said first
supporting part to outwardly spread fromthe outer peripheral edge of said
first supporting part through a first step part, wherein the inner
peripheral walls of said first supporting part and said second supporting
part have second step 15 parts outwardly spreading in said second
supporting part, and the inclination of the outer peripheral wall of said
first suppdits pFessribes fgmgmisiienshehowsl inaFiem &f the

Fig. 3 shows curves obtained by preparing samples of
the fender 11 by varying the inclination 6, to 7.3° and 15°
respectively. While the displacement is identically 70 %

5 at both angles according to these curves, reaction force
at the inclination of 7.3° is 1.3 P assuming that P
represents the reaction force at the inclination of 15°.
Therefore, it follows that the sample prepared by setting
the inclination 6, of the inner peripheral wall to 7.3°

10 more effectively exhibits absorbed energy.

Fig. 4 is a diagram showing a schematic sectional
shape of a fender according to a second embodiment of the
present invention.

Referring to Fig. 4, the fender 11 is integrally

15 formed by an elastic body such as rubber, similarly to the
aforementioned embodiment. More specifically, the fender
11 is formed by a discoid receiving part 13, a hollow
truncated-conical first supporting part 15 connected to
the receiving part 13 to outwardly spread through a third

20 step part 23 horizontally and outwardly extending from the
outer peripheral edge of the receiving part 13, a hollow
truncated-conical second supporting part 16 connected to
the first supporting part 15 to outwardly spread from the
outer peripheral edge of the first supporting part 15

25 through a first step part 20 and a flange 18 connected to
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outer peripheral wall of said second supporting part is 15 20 to 17.5. 2. A
fender for ship integrally formed by an el astic body such as rubber,
conprising: a discoid receiving part; 25 a hollow truncated-conical first
supporting part - 16 connected to said receiving part to outwardly
spread fromthe outer peripheral edge of said receiving part; and a hol |l ow
truncat ed- coni cal second supporting part connected to said first supporting
part to outwardly 5 spread fromthe outer peripheral edge of said first
supporting part through a first step part, wherein the inner peripheral

wal I's of said first supporting part and said second supporting part have
second step parts outwardly spreading in said second supporting part, 10
said first supporting part is connected through a third step part

hori zont al WA€aA@WEHt ®RRAIPF EReeRBFARAS FBRPPRELBGL BR  bel b phlRFANIRYe of said
receiving part, the inclination of the outer erigheral wal | of said first

p |
support i ng Yaifdrdced pRrte LOReMPHBELRG: FBR SPDNERE 15 LRt EPPHRFY pheral wal |

of said se%gg% 2R %&IBQthgraiks.larhe inner peripheral wall of the

fender 11 is formed by a part, closer to the receiving

5 part 13, padded in the form of a bell, a part, located
above the second step part 21, having an inclination 6, and
a part, located below the second step part 21, having an
inclination 0,.

The fender 11 according to this embodiment is

10 basically identical in shape to the fender according to
the aforementioned embodiment except the point that the
third step part 23 is formed on the boundary between the
receiving part 13 and the first supporting part 15 and the
padded part located above the inner peripheral wall. The

15 inclination 6, of the second supporting part 16 is 15°, the
inclination 0, of the first supporting part 15 is 7.3°, the
inclination 6; of the upper part of the inner peripheral
wall is 7.3°, and the inclination 6, of the lower inner
peripheral wall is 7.9°. In other words, the thicknesses

20 are increased in the shapes of the first supporting part
15 and the second supporting part 16 with respect to those
of the fender according to the aforementioned embodiment
by the horizontal length A of the third step part 23.
Except the dimensions related to the thicknesses thereof

25 and the upper dimension of the inner peripheral wall,
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and the ratio of the horizontal length A of said third step part to the
dianeter D of said receiving part is 0 to 0.04 20 3. The fender for ship
according to claiml1 or 2, wherein the inclination of said inner peripheral
wal l's closer to said receiving part is 7.3 with respect to said second step
parts. - 17 .AR AFe. Al e. AFe. AYe. AYe. Aluy. Aly. A y. AYNe. AYuR AY,;
e. A3. Al y. ASy. A3y. A y/ eL. Xl NWwi
} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] cRa] cRa] cal
193l y! Y<r}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caI 5p

"23d$Eng% . (2) e) KFTHx**
+H++++++} x§HPHefPE§} cﬁ]’@af%’ﬁ?é&}%‘é] ‘éb‘]‘%’é’f%%‘}%aé}’&%ﬁfbﬁrbtaﬂ%]] & &%E8 cajcal ¢

T 7T T oboobt: th %}elzéﬁ]f SheaLgEhgols ﬁ?‘%‘;%%%%s%%%q%é%;ﬁ@ﬁ%% ca] ca] cal
(1:3} iﬁ/}:\(;\z] giLiSL gﬂg%@g&g%caga% %f%% g@%ﬁ%}Q:Crgﬁgagﬁ%gg]bé’a]vcdaﬁy&ﬁ]gca] ca] ca]
caj cal ca] Cghﬁ hﬁ_%h@ bﬁag%ﬁ%f%ﬁ@;f a] &gl efl g3l Faligal Gl A cal ) GREaSA

AsACdDc E( F

HNHHHE T NI |
2] cal €a] caP SoF o2 ol c ol o Al GaT Lot of caf ot T SV g ¢ ver el cal caleal e
KUKKKK( LbLbLb’BN&MWWhD %Nmfé}é‘é@bdpz?}@ai?ﬁ c®)sal£alcaleay cal cal cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca]ca]ca]ca/elK- 310% &
()-,'110% &.41-%]0%0 &5( - ahd 080 8 (3 - Edrtdffeifientd0lp SHainliily & ()-: Li K-
9$10fV& (O)-Y" 10% & ()- 10% & () -
10% & () - zaQSpRacrm8h0%a8act i@l 020 8¢ ) cur¥eds F1f 10% 1 & () -f/
10% & ()--10% & ()-+&10% & ()- )MIO% & ()-'10% & ()-& 10% & () - NTUVWW; b@1f
1098 " FL#10%&' () Fau#106%&s (3 -d#4gp@n ($hdwing dife ; D96 Kademesitl-0vdag t{ion wi
2 N<h@1f
10!Q} FO3#109RICE- FRIVOR €¥XPFesSSINoRtle - SXpeT Yiambal & ¢9ulisF#109%& () - FL#10%&

& ()-9gQ ~\=F1f 10! #109%& ()-SI#10% r& ()-SI #10%w& ()-S 10 10
The experimental results were as follows:

A/D x 100 % Displacement (%)
0.00 70
0.04 70
15 0.08 unsuitable to fender
0.11 unsuitable to fender
0.15 unsuitable to fender
0.19 unsuitable to fender

It has been proved from the aforementioned
20 experimental results that the ratio of the horizontal
length A of the third step part 23 to the diameter D of
the receiving part 13 is preferably set in the range of 0
to 0.04 %.
While not shown in each of the aforementioned

25 embodiments, low-frictional layers consisting of
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10; 109&' () - F93#10%&' ()- 1g}z[9~\=F1!dl F1$10%&' ()-I| &10% & ()-F
'VI &$10%&' ()-F 9%$f 109%& () -! QLy#10%&' ()- ! VLY#10%& () -
LSRN $109& () -1 Q1 $109& () -!'Q $10%&' ()- 10 10 10; 109 () -1 F1$10%
& ()-30[\: ~\:F1 I nF&3#10% (& ()-3110% ()-FF" "109% ()- !'[FF" "10%& () -
nNFF" "10% (& ()- )!'VI$109% ()-~\:F1I! ["109%8S& ()-!dOol"10%& ()-!WVI "10%& () -
10 10 10;
109%& () - F&3#109& () -"?~\:FLI1Y)#10%&' ()-! Y)#109% ()-'109& ()-1!10%& ()-S'Q
| 110%& ()-SI"10%& ()-~_@1'!s10%& ()-S 10%& ()- 10 10 10;
109%& () - Y31#109&' ()-! Y31#109%& ()-1y! YAE~_@1!'! 109& () - Y#109%& ()-S 10%& () -
10%' ()-@0%' ()- 109 ()-Y<rdE~ _@1!!)10%& () -
"L, 109%& () - YRL09&R' () - 99109 () - 1"109% ()- 109k ()-r 5 p
dE~_ @1! ! 5 R YRt sdel GHPOLY efhYieng MRYYDE REORIARI- 9BoRIe) - + 109& () -
EENRE 11 R () - 7! 0 () -
""" —@F15J§¥%f% g%f%é%ggﬁg &t%% %eceiving part and the supporting
part, whereby the fender can be prevented from deformation
along the traveling direction of the hull when the hull
5 comes into contact with the fender for attaining an
efficient buffering effect by applying a load only in a
compressive direction.
The reaction force following compression of the
fender can be further improved when coming into contact
10 with the hull by embedding reinforcing cloth in the fender,
although the same is not shown in each of the
aforementioned embodiments. Nylon woven fabric, glass mesh,
metal mesh or the like may be employed as the reinforcing
cloth.
15 Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of

the present invention being limited only by the terms of

20 the appended claims.

Industrial Availability
As hereinabove described, the fender according to the
present invention is suitable to a fender, employed as a

25 buffer when a ship or the like comes alongside the quay or
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oors at the quay, which is required to increase absorbed

energy.
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a hollow truncated-conical first supporting part
connected to said receiving part to outwardly spread from
the outer peripheral edge of said receiving part; and

a hollow truncated-conical second supporting part

10 connected to said first supporting part to outwardly
spread from the outer peripheral edge of said first
supporting part through a first step part, wherein

the inner peripheral walls of said first supporting
part and said second supporting part have second step

15 parts outwardly spreading in said second supporting part,
and

the inclination of the outer peripheral wall of said
first supporting part is 15° while the inclination of the
outer peripheral wall of said second supporting part is 15

20 to 17.5°.

2. A fender for ship integrally formed by an elastic body
such as rubber, comprising:
a discoid receiving part;

25 a hollow truncated-conical first supporting part
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parts outwardly spreading in said second supporting part,
10 said first supporting part is connected through a
third step part horizontally and outwardly extending from
the outer peripheral edge of said receiving part,
the inclination of the outer peripheral wall of said
first supporting part is 15° while the inclination of the
15 outer peripheral wall of said second supporting part is 15°,
and
the ratio of the horizontal length A of said third
step part to the diameter D of said receiving part is 0 to
0.04 %.
20
3. The fender for ship according to claim 1 or 2, wherein
the inclination of said inner peripheral walls closer to

said receiving part is 7.3° with respect to said second

step parts.
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