< uvel3eOL4* 6@r9A1 DESCRI PTI ON  Fender for ship Technical Field 5 The
présent invention relates to a fender for ship, and nore particularly, it
relates to a fender fixed to a quay to be used as a buffer when a ship or
the li ke conmes al ongside the quay or noors at the quay. 10 Background

Techni que A fender for ship absorbing energy and bufferin ck when a
ship comes al ongside the quay or the |ike thereby prot ect/m‘@”@@%ﬂmﬂm of
the ship is frequently used. Fig. 6 is a diagram show ng the I
structure 15 of such a fender, which is described in Japanesé>Pst ent
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 havmwwmwmwmu t
external shape and a constant thickness_and a hollow 20 tr ﬂﬂﬂ@al
second supporting part 92, having REEGREFAAPNt hi ckness, spreadiegefrom t he
base end of, the first Eugporting part 91 toward a | ocating plane Q of a
quay or thESPARE. TPReS8¢Pcal led circle fender integrally formed 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 nounted on the forward end of the first supporting
patt 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 Fﬁeapf888§§189 PﬁggedéﬁopﬁgpFﬁﬁ Wt hhg degyrEce Rt Afe &S on

rosul ting LESS cOMBPSEL N RA Tt He Feabr SR°00 PORBEUBRLSEA S n the fender
61 at this_ti : r r.d a i od between the ordinary state shown
in Fig. 6 gﬁgggvﬁégnﬁgﬂﬁﬁégﬁgtépﬁ e %bquugéﬁ?ng'of t he bent portion

corresponds to i v al riegin 0 b ITUM PO Ain
Fig. 7. In thiswggpig%?egﬁgnggkggﬁgg%ggg%bggf%gyf?&%%?&%ﬁéht eC%%%% essi ve

forcescausesochid®ide? the @RI achonCeifr@n of ebhbRi-nG 1t & ithe QLigial state,
and hence the reaction forcé is increased. Wien buckling, however, the

fender 61 lresesiwpstoeicet Bgaaherenrpnlsi eoapd reeads icoF drekse saadence the
reaction 5 force of the fender 61 is reduced until the overall fender 61 is

crushed andehalidegd onl nhet beunsdargs potrite chebdeweeh frold @is stthe process from
the maxi mum point A to a mninmum point C. Wien conpletely fol ded, the
overal | fesdppo8ling part Béhaves ths aeclcomol cfuppobitengaparer €iznalmy a
described, 10 to cause large reaction force again. In other words, it
fol | ows t hgubsihantdadtlivosendred Posdtdosi addng ither dadght direction
10 in an intermediate portion of the second supporting part
92, and buckles when the reaction force cannot finally
withstand the compressive force. Then, the overall fender
is deformed until the same is folded substantially with no
clearance, and further compressively deformed as a lump of
15 rubber.

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



‘through a point B after passing through the mininum point C. Wen the
fehder having such a characteristic curve as 15 descri bed above is used in
practice, the usable range thereof is generally fromthe origin O to the
poaint B where the reaction force increased again through the point C
exhibits the sane reaction force value as the maxi numpoint A In terns of
t he di spl acenent, the usable range is 20 regulated to the range between the
origin 0 and the displacenent D. This regulation is enployed since there is
a possibility that the reaction force is excessively increased to cause a
probl em such as danmage of the hull after the displacenent D. 25 A portion
corresponding to the area S1 of a region - 3 partitioned by this

h t t th t al t.h h th in 0 and
o Verti cal TARCEIORRRG S P Rugh SR 0 > B e GRA HIAE Jq Sy DK ener gy

absor babl e u a.f [ al | owed ranage up to the 5 displ acenent
D. TherefoP%%C% %gg ﬁgggggary%ngﬁn&Fegsgreﬁge éaction force while

i ncreasing the gsh %%pq&,]g{/h%ro%\oérncE%aes'f%%dte*}e s3PSQhed engr gy as an

I
effecti ve fender ccor bj éct " of "the present 1T nventionis to

provide a E%@d%EOQ%WeWif%dé@w¥%é6ﬂﬂ5ﬁ(f o r B4 mﬂgd%@ A QG N e

efficiently 1 ncreasing the value of displacenent

di spl aceneryrieactd ehd HeRleaNA1aG L e tice CNE1 PIRRClRag 10fe d iR v
Invention In order to attain the aforenentioned object, a 15 fender

accordi ng tea asf idrsishaspeeid dolider . pr egeptnepVaBtEeN thearkander gfor ship,
integrally formed by an el astic body such as rubber, conprising a discoid
recei vi ng galtlows hdlel @wddeysc direth abi aalx ifnurs bocIwpor tiong parinaannect ed
to the receiving part to 20 outwardly spread fromthe outer peripheral edge
of the rec@iodintg Cpar thandcamhdktelyt fahdatiedtbenbrakasécbrddsuppdr ihng part
connected to the first supporting part to outwardly spread fromthe outer
peri pheral tédgebehares faisr st lsuppordt invphsar st emegmadp e ste sstrEipauir t
while the 25 inner peripheral walls of the first supporting part and - 4

t he décond tSupspdsE AgrsEr travafd SedorFesttg ipar t snoathardwprepr eadli ng in

t he second suypporting part, the inclination of the outer peripheral wall of
the first sf@dﬂﬁwﬁ ryakarths LepStignd foREs Ad omaT Sdﬁle(ﬂ‘lyt Hé“‘(ﬁﬁa@reds

peri pher aI ro ug%f at ?)ec)lsn%c%nd fscl“leprp%ratslsnl gpacrhtrolusghlihe mlnlmum point
cC.
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 regulated 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




*According to this structure, reaction force is increased and the val ue of
usabl e di splacenent is increased in a displacenent-reaction force curve. 10
A fender according to a second aspect of the present invention is a fender
far ship, integrally formed by an el astic body such as rubber, conprising a
di'scoid receiving part, a hollow truncated-conical first supporting part
connected to the receiving part to 15 outwardly spread fromthe outer

peri pheral edge of the receiving part and a holl ow truncat ed-coni cal second
supporting part connected to the first supporting part to outwardly spread
fromthe 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 secqnd step parts outwardly spreadi ng
Tt he - secBRd LiLHRBRE Ry BRLE, CPRECrLReN SCibporEvAg BEPt No eemien: od

t hrough a thQird_st art horizontal |y and outwardl xtendi_ng fromthe
outer 25 pé?ﬁﬁhgégggg 95%5 47 e%ggcgféﬁﬁﬁ SaFPgthééF%&Fﬁ atfort of - 5

the outer ﬁ%%%&?ﬁr%hrW%b% Qe %i%%r%;Fﬁgggoﬁh%n%ugﬁ%gtgsO%SEn%E§Ybart is

inclinatio e outer peripheral econ upporti

15, and thegpkathapet b@esﬂQEi%oQ%ﬁheEegﬂtghg gglémé t it Step pagh to the

dianeter 5 D of the reCeiving part 1Is ccording'tothis

structsur e, qasgilspbAcarent.- reastbesror ce £8r NEcaskAh! et Onkheabendgs is
obtained. In a fender according to a third aspect of " the present invention,

the inclinathenieh thecennen lRerinehebalind0 thal s splaseneh® e Jfe@gei vi ng
part is 7.3 with respect to the second step parts in the structuré

accordi ng tiactrkesfingsthaspesiorded kecsegond aspetireef itie fenesent
i nvention. According to this structure, the reaction force is further
i ncreased on a &tcablrdidiodpyl,acenebtjectactti ahef presebd duveetids Her eionabove
descri bed, the reaction force is increased while the value of the
diSp|acene@gowgd@|§ofender 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



‘increased according to the first aspect of the present invention, thereby
providing an effective fender having a 20 | arge anount of absorbed energy.
According to the second aspect of the present invention, a

di.spl acenent -reaction force curve suitable to a fender is obtained, thereby
providing a fender having a stable anount of absorbed energy. 25 According
to the third aspect of the present - 6 invention, 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

i nvention, thereby providing an efficient fender. 5 The foregoi ng and ot her
obj ects, features, aspects and advantages of the present invention wll
beconme nore _apparent, fromthe follow det ai | ed description of the present
i nvention %ﬁgnngQgﬁ ﬁHPQSﬁt&HQtpéﬁtwggWetﬁ@CQB FyERY PR tfr awi ngs. 10
Brief Description.,of the Drawngs Fig. 1 is a diagram show ng schemati c
sect i onal 8??&8 @%g Sprgagéﬁﬁéﬁ%agggrﬁﬁﬁﬁ osgpppg§ﬁn€nﬁﬁﬁﬁﬁe Sof the
present | nygahliofe bn Blederg bhed a9 amesln g dishlgeenantr eaction
force curves in a case of varying the inclination of "a sec d supporting

part with %%?B%Q%ih% thetf ardarseshoun tReFige1inafhign gfi?hg di,agL.am

showi ng di splacenent’-reaction 20 force curves in a case of varying the
i nclimat i Opedfi pAR rURPGE 1IINRET PR isRRenal s%lplor‘ﬁ‘itr‘l% HatReqls g the fender

shown in Fig. 1. Fig. 4 is a diagram show ng a schematic sectiona
structure qf7.@°fender according to a second enbodi nent of 25 the present
i nventi on. Fig. 5 i1s a diagram show ng displ acenent-reaction force

curves in a cas@cebrédny e thd sl ergildtofred tridiacd isheFsrad iw th respect to
the fender shown in Fig. 4. Fig. 6 is a diagramshow ng a schematic
sectional Snstreackedr endf thecoadert iocdnalsalbdrdeli spliageménts ia di agr am showi ng
a di splacenent-reaction force curve responsive to the rel ation between
reaction fdnegeangddiispleacdmpiaceneatgerecslioheddece 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



10 Best Mbvdes for Carrying Qut the Invention Fig.
schemati c secti onal

1 is a diagramshow ng a
structure of a fender according to a first enbodi nent

of the present invention. Referring to Fig. 1, the fender 11 is integrally
15 fornmed by an el astic body such as rubber, a polyneric material

consi sting of polyurethane or the |like having elasticity,
specifically, the fender 11 is formed by a discoid receiving part 13, a

hol | ow truncat ed-coni cal first supporting part 15 connected to 20 the

receiving part 13 to outwardly spread fromthe outer peripheral
receiving part 13, a hollow truncated-coni cal
connected to the first supporting part 15 to outwardly spread fromthe

outer peri
step part

or the like.

Mor e

edge of the
second supporting part 16

eral .edge of, &Pe firs c}J[sugp%rtir%g part 15 25 through a first
t

Cand "8t PEAGENEE o i

e

ISt SURRILSWEY &3 foflst he

d i 1 lipdrical . t i th
fonder 11 18 tontser it b bRagR gt Pk B8R PRRE R  Ha T heRbePguch as a
recei ving %E@Bﬁd‘%uﬁp%&%QE i&%&ttq% %%B?Faﬁadthfr59§0L8§?5ME“9 part 13 to

be used, although t

is rec ng nmenber i s not "sShown | . 1. The

speci fi c dingeasars 10f1etn|@;%|hf @an:é)%r thk 3h8 a5 sl P 1% ‘E%&algiyi'égrie%tr H=

814 mm The inner peripheral wall of the fender 1

1s forne

bel | - shapeth par then relceserinld dahe Hecel i@ .party 13, an inclined surface
having an inclination A3 |ocated upward through a second step part 21 and

an inclined surhaeerthnkationdhdrs istchidtathiegn Al
step part 21. Dianeter D of Receiving Part 13 =7

10

15

20

25

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
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
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
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.

According to the third aspect of the present

%?ﬁﬁdé%é%ﬂJE@édﬂidﬁecond
4 mMm



Di aneter B of Quter Edge of Flange 18 = 1200 nm Inclination Al of Quter
Peri pheral Wall of Second 20 Supporting Part 16 = 15 Inclination AZ of
Qut er Peripheral Wall of First Supporting Part 15 = 15 Inclination A3 of

Upper Inner Peripheral Wall = 7.3 Inclination (err)4 of Lower Inner
Péri pheral Wall = 7.9 25 In the fender 11 having such di nensions, reaction
-9 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 displ acenent-reaction force curves 5 obtained in this nmanner.
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 supporting part 16 were

repared i urene far r.formi ng experi ments. .Consequept!ly, the 10
Pol Lowi ng PENES r & b s B Gha 3 reHaNet: i oAE Sd (i a
di spl acenent,:.Jnclj:nati of j ac nt .(% orting Part 16
() EO 53 1Eﬁfﬁﬂg%éﬁ%ﬁﬁ%éﬁ%ﬁeéﬁbéﬁéﬁﬁgﬁgéQ%%%% 6$§S§HJ%%éﬁﬁ%ﬁ%‘ﬁ*&%%nentioned
20 experi I | t f e J.Nchi i d
suppor t1 ng et s o Ty 138 G rRett g The e RS BF T8 i n
the fender pkkssh@wi nventii®n,l tHdr@by3 grod AiR0aMeH W iht fender.

di spl acenent -reaction force curves obtained by varying only the inclination
63 of 25 the upmére iforergaierd Rhel altheal lobjrdtys fRrderrek], hadda s
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 is a diagram showing a schematic sectional
structure of a fender according to a second embodiment of

25 the present invention.



- 10 the prescribed di nensions showmn in Fig. 1. Fig. 3 shows curves
obt ai ned by preparing sanples of the fender 11 by varying the inclination
A3 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 assuning that P represents the reaction force at the
inclination of 15. Therefore, it follows that the sanple prepared by
setting the inclination 63 of the inner peripheral wall to 7.3 10 nore
effectively exhibits absorbed energy. Fig. 4 is a diagram showi ng a
schematic sectional shape of a fender according to a second enbodi nent of
the present invention. Referring to Fig. 4, the fender 11 is integrally 15
formed by an elastjc . . sim] arl o .t he aforenentioned
embodi ment . Nbrgﬁégeé?g%%éfﬁﬁgl 35;%§$eﬁnéiég%ﬁ%ﬁﬁ%ﬁﬁ??ﬁf%?%ﬁ%ﬁﬁnd

recel Ving Mfieel dud ol PW I BLGLANAR]LHd IInSUPROF 1 N AT T 19

connected to the receiving part 13 to outwa y spr through a third 20

step part 2% dpprdzantaldy @é%é&% wed dne e Rl nahduiPm 4 ey puter peri pheral

edge of the receiving part a holl ow truncat ed-coni cal second supporting
part 16 connect ethd.0 4 hies fd rsta grpPEHdwithPa tsdfer e Qut yed it nspread from
the outer peripheral edge of the first supporting part 15 25 through a
first step gardicrantt a fdangan B reaanneotdagr to - 11 the | ower end of

t he second supporting part 16 through a cylindrical part for nounting the
fender 11 in corffiagrt Wit a dpegran shwvindke dihepliavewerperiqieriadn wal | of
the fender 11 is forned by a part, closer to the receiving 5 part 13,
padded i n tfrdorapie agrpensivedra  the e lat dbo e tvres covaet seep part

21, having an inclination A3 and a part, |ocated bel ow the second step part
21, havi ng HFIh A& o 3emerte FerleferiBr Bk e to this embodi nent s
10 basically identical in shape to the fender according to the

af orenenti oned enbodi nent except the point that the third step part 23 is

o g on e DOUGAL V- BELIBEIL NS SR i BRLLS and the Tirst

wal I'. The 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 formed 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



*15 inclination Al of the second supporting part 16 is 15, the inclination
AZ of the first supporting part 15 is 7.3, the inclination A3 of the upper
part of the inner peripheral wall is 7.3, and the inclination A9 of the

| oner 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

af orenenti oned enbodi nent by the horizontal length A of the third step part
23. Except the dinmensions related to the thicknesses thereof 25 and the
upper dinension of the inner peripheral wall, - 12 therefore, the
remai ni ng di nensions are identical to those of the fender according to the

af orement i d i t. 1l thi inent.,. sampl es r repared b
Tarying 1 he st e e o e i B e BBt 03 to

the di anet es1Bref il 18681 WAM0 Rt 13 1:9,0-A0 fo (Wit h no. third step part
23). 004 % 008 57 0Pt e 0 1 leihy heo o §I(\gxlpgrn| Or?@hmaaﬁdﬁy obt ai ni ng
di spl acenentitheacldu@ry foar edecurii@s. Fig. 5 is a diagram show ng the

di spl acenent-reaction 10 force curves expressing the experinental results.

The experiment ala reswitvd ngehenier Bucdnwsis A Rocch®Qn¥ Bisplacement (% 0. 00
70 0.04 70 15 0.08 unsuitable to fender 0.11 unsuitable to fender O0.15

unsui tfabl e moanftedden @hE curtsr tsdhlee dfo thendercelitvilmas geean 13 avedd rom t he
af orenenti oned 20 experinental results that the ratio of the horizontal

| ength A ofuseife taHitheugher hiar trez® itvd nighenegibmretier ndtofshdwen riecdiiy.ng part
13 is preferably set in the range of 0 to 0.04 % Wile not shown in each
of the aforlenentioned 25 enbodi ments, lowfrictional |ayers consisting of -
13 pol yur et hane or paol yet hyl ene nmay be provi ded on the overall surfaces
of the receivi ndFarPeaid ih&iagsdrisnghahe, fwmsteabyl it Reef @fder can be
prevent ed E{gﬁ%getornation along the traveling direction of the hull when

the hull 5 Comé¥Snto contact with the fender for attaining an efficient

buf f ard ng effec&bQ%laﬂgﬂghﬁgHaJ %q% %H{y in a conpressive direction.
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 03 located upward
through a second step part 21 and an inclined surface
15 having an inclination 0, 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 0, of Outer Peripheral Wall of First

Supporting Part 15 = 15°

Inclination 0; of Upper Inner Peripheral Wall = 7.3°
Inclination 04 of Lower Inner Peripheral Wall = 7.9°
25 In the fender 11 having such dimensions, reaction




+ The reaction force foll owing conpression of the fender can be further
irnproved when comng into contact 10 with the hull by enbeddi ng rei nforcing
cloth in the fender, although the sane is not shown in each of the
af.orenenti oned enbodi nents. Nyl on woven fabric, glass nesh, netal nmesh or
the like may be enployed as the reinforcing cloth. 1.5 Although the present
i nvention has been described and illustrated in detail, it is clearly
understood that the sanme is by way of illustration and exanple only and is
not to be taken by way of limtation, the spirit and scope of the present
invention being limted only by the terns of 2.0 the appended cl ai ns.

I ndustrial Availability As hereinabove described, the fender according to

t he present vent| SUItab e to a fender as, a 25 buffer when
a ship or tfheﬂi i %tendgor&r%es LIS s TR L‘iﬁvnorvar%ﬁ‘gyec Héuay,

which is r%@“bfeghéooh9§f§5§§1§E§9é9693f9659ythe 1%c°nﬂcﬁu8§OFEbﬁgr,

fender for ship Integra y an el astrc body"s

conpri si Ngipa5t2 14 el ReRirdNg part; a hollow truncated-conical first
supporting part connected to said receiving part to outwardly spread from

the outer peripharal 2edgRwd S JREGRIM-IGRHMion 3R QY1 QRY
truncat ed- coni cal second supporting part 10 connected to sald first

suppordt i ng ofperrati nfeel dut waidd ynaspieaad from the outer peripheral edge of said
first supporting part through a first step part, wherein
Referring to Fig. 2, samples having five types of
values 10°, 12.5° 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 07 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 -



‘the inner peripheral walls of said first supporting part and sai d 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

peri pheral wall of said second supporting part is 15 20 to 17.5. 2. A
fender for ship integrally fornmed by an elastic 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 | ow
truncat ed- coni cal second supporting part connected to said first supporting

part to outmal ry%rou%e%dc% fn{e t e oyt ¢ \e{){r#?zqe:] edge of said first

supporting par I'rs ep par e ‘he i nner periphera

wal I's of said figigf sPRRYId ng, ds[ c?d'{%ﬁ?éod %ﬁﬁpﬁ% rﬁ‘&é’ar tﬁ have

second step parts outmardly spreading I n sal i“ng par

said first SupEdiddyd Pady iva SENREGHRd trlzrlqml%rﬂv r‘éoS%eéop
horizontal ly and outmerdly extendlng fromthe outer perlpheral edge of sai d

recei ving paydpeddierdingl i watilen tek Hﬁ@pQﬁb@ﬁeﬂ@thhQH@htW%|h19f7%ahd first
supporting part is 15 while the inclination of the
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 03 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

- 11 -



+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 dianeter D
of said receiving part is O0to 0.04 0. 20 3. The fender for ship according
to claim1l 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. - 17 .Ae.AYh. Al . AY. AY;y. AY. Al (y. A f. AYf. AYy. AF; f. Al y. Ay. Ahy. A A AU
Of M YOOX$_<x_ j

}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]
caj] ca] ca] ca] ca] ca] ca] c8a] cRa] ca] ca!| 3rR$

[ 2h~4} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

|
?Lgﬁ} ga]Z]cg]a cajca ‘fca] ca (f 1}; el Caaﬁcrgda] c%ﬁp aﬁtcja]%é]qac%ﬁ chy cHIC} ¥ a] ca] cal

ca] gg!agsg]r]oc/?%’};llaj]r?%l?éug * ] ++++i}n0l]r,1%l,r}g, t% }fesnnc}edr f]lca]%a(] caﬁ%a] calca]calc

calcalc
G by 12303501 D535 ran g o oaraal oaf &3kCal cal ¢

a] ca] ca] Ca]ﬂ?@icre'sﬂ cial ciad o) edcal ¢ ad Gid ) Q@]&@dx@%&é\h&?@]ﬁ@&&ﬁlm& caJca] calc
a] cal 4 535d55667779; R

8<s<T=8 ==z AreBRBBECRGGIM BwERRE xsouml_o calwal] cal<a)ca] cal sed€ad cal cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! E;
FEFFFFFFGKIEHQ{G tred 193D KKK, t 21, having an inclination 03 and
LULLLMKMM 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 ¥ a] de @] eh] el e ded o3 @ AMNMININBNINGH | |, Haat 4 B Jald J K3Kh KKK
L;
LuLLLNKM\/} M]dlrﬂtc]eﬂrcaﬂma] cal] ca] ca] ca] ca] c]a] cKa] cit])c/g]&c?] caj (1:8]/&%2] ((:331] ca] ca]
a Of i K- 0 0

SRt LI W SRS L Tl
MLO9 410 YlO%B& F1

1098 9&80% @(81)3; ’7%’3](1%)]0}&35'%5)?6 (?z)x%o}“éﬁ dendempopneqyding to

10788 -0t L) B Ans (oo 10V O DOt om0

i K- Kl %409 {1184 ]soc/égp (;)ar\% 1@?*&5( )foﬂn%/&g‘ &r} th?é ]l:%/\ﬁghcigryy between the

receiving part 13 and the first supporting part 15 and the
padded part located above the inner peripheral wall. The
15 inclination 0; of the second supporting part 16 is 15°, the
inclination 0, of the first supporting part 15 is 7.3° the
inclination 03 of the upper part of the inner peripheral
wall is 7.3°, and the inclination 0, 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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In this embodiment, samples were prepared by varying

the ratio of the horizontal length A of the third step
5 part 23 to the diameter D of the receiving part 13 to
0.00

oe

(with no third step part 23), 0.04 %, 0.08 %,
0.11 %, 0.15 % and 0.19 % for experimentally obtaining
displacement~reaction force curves.
Fig. 5 is a diagram showing the displacement-reaction
10 force curves expressing the experimental results.

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

oL

While not shown in each of the aforementioned

25 embodiments, low-frictional layers consisting of
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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 gquay or
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H10Y4(#48& ()-+ Y #109&' ()-+ T Y #10%r& () - +AeBBBBCRC| [: NA4+10 Yy109%&' () -
Y f10%& ()- Y 10%:& ()- Y10%t& ()- YmlO%t& ()- Yy
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YO4109%6& () - YL !10%t& ()-: YY9$10%t& () - EEE; FBFCFDFEFF| obU4+ Y 10%

& ()-10#10#10# Y, ; MLOY& ()- Yf8#10%#& ()- YB10%t& ()- Y
410%t&' () - FEFFFFFFFvUA+ ni0% & ()- Y9S 10%t& ()- Y910%t& ()-10 10 10 Y, :
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such as rubber, comprising:
5 a discoid receiving part;

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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Y/ 10%#& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43] c" "Heading 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93] c"A "Default Paragraph FontWy"T' +/ 4] : >DCCG.PRTVXZ\ " bdf hj | npj W 4EMX9: ;
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New RormanAri al Couri er, New'h, Root EntryWr dDocunent
| " HSUR ()*_I_C:qr}r}eoc‘l 5%078”gald rece1v1nc3/ pardt to ouncwardly spread from

<=>? @\BCDERGY JW&%TMQ%Q&&E—\@P%%G{@ @4é<éimqp§]r§§rt ; and
a hollow truncated-conical second supporting part
connected to said first supporting part to outwardly
5 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
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
sald receiving part is 7.3° with respect to said second

step parts.
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