DESCRIPTION BELL MOUTH DESIGN METHOD Technical Field [0001]The present invention relates
to a method for designing a bell mouth constituting the housing location of a ship anchor, and
particularly relates to a bell mouth design method characterized in designing the shape of a bell mouth
using a computer. Background Art [0002]In general, a ship has a winch disposed on a deck, a hawse
pipe arranged from the deck through a sh ﬁ\ggéj)g%ﬂﬁn connected to the winch through the hawse
pipe, and an anchor connected to the distal end of the chain. The anchor is driven into the seabed to
keep the ship in place when the ship is to be moored at sea, and the anchor is stored in the side shell
plating when the ship is navigatir%ﬁklbaﬁ% h%‘%ﬂ%%%%%’outer end of the hawse pipe to
wind up the chain smoothly and secure the anchor stably. The bell mouth is substantially
donut-shaped a g,e ribed in Patent Document I, for example. The shape of the bell mouth varies
depend%&%ﬁm type and is therefore sometimes designed using a bell mouth model test device
such as that described in Patent Document 2, for example. [0003]Specifically, the shape of a bell
mouth i 8 desldgradessm ugtratetordman dostapethod for designing a bell mouth constituting

the housing location of a ship anchor, and particularly relates to a bell mouth design method

characterized in designing the shape of a bell mouth using a computer.

Backeground Art

[0002] In general, a ship has a winch disposed on a deck, a hawse pipe arranged from the
deck through a shell plating, a chain connected to the winch through the hawse pipe, and an
anchor connected to the distal end of the chain. The anchor is driven into the seabed to keep
the ship in place when the ship is to be moored at sea, and the anchor is stored in the side
shell plating when the ship is navigating. A bell mouth is arranged on the outer end of the
hawse pipe to wind up the chain smoothly and secure the anchor stably. The bell mouth is
substantially donut-shaped as deseribed in Patent Document 1, for example. The shape of the
bell mouth vartes depending on the ship type and is therefore sometimes designed using a

bell mouth model test device such as that described in Patent Document 2, for example.

[0003] Specifically, the shape of a bell mouth is often designed through the following
steps:

(1) Determining the initial shape based on the diagrams of the anchor, chain, and .
hawse pipe, with the size and shape roughly set depending on the type of ship;

{2) Molding a reduced scale model while manually cutting away material of the initial
shape and adding material on the initial shape;

(3) Carrying out a model test (1ift anchor test, and other tests) using the reduced-scale
model;

. (4) Confirming the behavior of the chain during anchor lift and the condition of the

anchor being housed to examine whether the bell mouth satisfies predetermined functions;

(5) Repeating the molding and model testing of the reduced-scale model depending on

the study results;



(1) Determining the initial shape based on the diagrams of the anchor, chain, and hawse pipe, with the
size and shape roughly set depending on the type of ship; (2) Molding a reduced scale model
while manually cutting away material of the initial shape and adding material on the initial shape;

(3) Carrying out aeywreldestiiiftsanehardestoand otivtiesisidsivetiepeduced-seala madel; 4)
Confirmin thgdbehavior oém?fﬁ@ai during anchor lift %nd tgg COI‘]dItIé)? oftthe anchor being ho_used to
examine WHSHEF the Beh Mot EasHas BRsREIst-Asoredsimemed [ya5t9Rs R3S the molding and
model testifigeofetheréduced-scale model depending on the study results; (6) Making a full-scale
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shape satis%ing the predetermined functions tained; an a rlcatlngpa full-scale
resin wood®hibtiBt iguerh iepeienilssieredssaadrasrnap e of tdespdkehwtehas been designed using
the steps (1) to (6) described above. [0004]Patent Document 1: Japanese Laid-open Utility Model
Applicationde416-2389nHeevmeroduinpie: Daydarresd utitiphMddélipliblicatidn. H8.38931674

Patent Document 2: Japanese Utility Model Publication No. 3-31674

SUMMARY OF INVENTION

Technical Problem

[0005]  With the conventional bell mouth design method described above, the initial shape
is determined based on the experience and intuition of the craftsman. The manner in which
the reduced-scale model is molded and the manner in which the reduced-scale model is
molded based on the model test also depend on the knowhow of the craftsman. There is a
problem in the handing down of the skill due to the decrease in the number of the craftsmen

with such siall.

[0006]  Embodiments of the present invention were devised in view of the problems
described above. An embodiment of the present invention seeks to provide a bell mouth
design method whereby a bell mouth shape suitable for a ship type can be designed easily

without depending on specific craftsmen.

Solution to Problem

[0007]  According to an aspect, there is provided a method for designing a bell mouth in a
ship having a hawse pipe formed in a shell plating of the ship, an anchor arranged so as to be
raised and lowered by a chain passing through the hawse pipe; and a bell mouth arranged on
the outer end of the hawse pipe, the method for designing a bell mouth comprising an initial
shape setting step for setting an initial shape of the bell mouth depending on the type of ship,
and the shape of the hawse pipe and the anchor; a three-dimensional model creation step for
creating a three-dimensional model of the bell mouth, the hawse pipe, and the anchor on a
computer; a mechanical analysis step for performing a mechanical analysis of the condition

of the anchor being housed using the three-dimensional



SUMMARY OF INVENTION Technical Problem [0005]With the conventional bell mouth design method
described above, the initial shape is determined based on the experience and intuition of the
craftsman. The manner in which the reduced-scale model is molded and the manner in which the

reduced-sgalg-neode) tsimaldaed thasedenihe model desioalse e pansuan; theskneivaowa of the

craftsman. There is %Probl%%gé%%;u tSodlril%ﬂglovgc of .th(? sklfl due %o he d greasedin the number of

the craftsmah With Stiehssk IMents 0 ](éapi’lrréa"sglsﬂ1 HVention were devised in view of the

problems destibed aldovshapmremiiicdimerstpfthepddsan invbniotisesksitd providd ddell mouth
design m%@?ﬁ%%%%&@&%ﬂ?ﬂ%@ﬁﬂ% SpiRnla Rt aahiR.vRg.6a0 hedssigngd.eaglly without

depending on specific craftsmen. Solution to Problem 0007]Acgordin?ﬁto an aspect, there is provided
a method fBrRFe g arpsiiniotaridpda st piedieE AR NS BapipR 1BrRIEY SFRR8A &SRSy of the ship,

an anchorgsnged:sags to be raised and lowered by a chain passing through the hawse pipe, and a
bell mouth arranged on the outer end of the hawse pipe, the method for designing a bell mouth

ComDHS'n@o@@s‘]"'t'a!ﬁ%&%iﬁ@%'@%ﬁ&%ﬁo@ﬁé&i@ﬂ&&ﬁﬁ?'%ﬁ%@ﬁ 69@&%&9&@@%%@'”9 on the
type of ship, and the shape of the hawse pipe and the anchor; a three-dimensional model creation step
for creanngl%*hﬁ?s-éla}m@ﬁg?éﬁw%&é&%‘?% &Rt i), braotiahle pie Rt iher SPRATE on a
computer;trermgedlanigal Giadyiss siephfaapedaisping afnasbanicalanalisitiofthgoaangition of the
anchor being housed using the three-dimensional

[0009}  In the initial shape setting step, an internal diameter of the initial shape of the bell
mouth is set based on a diameter of the hawse pipe, and an external diameter and a height of
the initial shape of the bell mouth is set based on a size of and the shape of the anchos, for
example. In the mitial shape setting step, a profile of the initial shape of the bell mouth may
be set using a database in which bell mouth shapes of existing ships have been converted mto

CAD data and stored with their associated ship-type information,.

[0010]  In the mechanical analysis step, a mechanical analysis is performed for the
condition of the anchor in a stored or anchored state in addition to the condition of the anchor

being housed.

[0011]  In the shape modification step or the preliminary shape modification step, the
three-dimensional model of the bell mouth is preferably modified on the computer using a
haptic device. The predetermined conditions in the determination step are that the direction
of the anchor in a stored state is constant; that the anchor does not contact the shell plating
when the anchor is being housed; and that the anchor contacts the bell mouth at three points
when the anchor is in a stored state, for example. In the shape modification step, the height
of the bell mouth may be modified to adjust the contact points between the anchor and the
bell mouth, and the difference between a lowest point and a highest point of the height of the
bell mouth may be modified to adjust the swing width of the anchor and the distance between
the anchor and the shell plating.

Advantageous Effects of Invention

[0012]  According to the bell mouth design method of the present invention described
above, a bell mouth shape suitable for a ship type can be designed easily without depending



model of the bell mouth, the hawse pipe, and the anchor on the computer; a determination step for
checking whether the results of the mechanical analysis satisfy predetermined conditions; and a shape
modification step for modifying the three-dimensional model of the bell mouth on the computer on the
basis of the results of the mechanical analysis, wherein the shape of the bell mouth is decided while

repeatind e AT R ERER TSR LR85 AH AL ISIRNA SRRTCA B SRR T GETAPSFENMIRE shape

modificatieghatsefanaedifyinadbromtesnarpkerst shapscelitha thressdimensionakipadelobthe bell
mouth so as to be rotatable when the anchor contacts the initial shape of the bell mouth may be

inserted SHET s BT AR ERSIIRG F ShABRNSE B oBTEIThogsipbt s FranecdetdtbEFstep, an internal
diameteg@fdheadnilialshaps-af Hisdie b mautinisselbpsac-omasdiameatarel thananse-pipe. and an

external diameter and a height of the initial shape of the bell mouth is set based on a Size of and the

shape oftHECRLhBICBISe Xt ToRs Ll REMEN ARTE S Adh BsBRmEr s daors AP R i AP 8REpe of the

bell mousmaybie sellsithadaiabase Mewbichmall meuth shakesRf existing ships have been
converted into CAD data and stored with their associated ship-type information,. [0010]In the

mechanical analysis step, a mechanical analysis is performed for the condition of the anchor in a

stored or anchored state in addifEstoRiEgeRdian PiiEOaehenIsing housed. [0011]In the shape
modification step or the preliminary shape modification step, the three-dimensional model of the bell

mouth is preferably modified on the computer using a haptic device. The predetermined conditions in

the detefpoirition Biapodientined thendirestianielthe ansholdsAriomibsialalissrastantothat the anchor
does noﬁﬁ((%g‘tact the I platin% when the anchorgjes&be_ing housed; and that the anchor contacts the

bell mo thi8e pbitits WRETTAS SRR OPIECHAY SREPEHE thie Lebrauih frsign BRihpe modification
step, thehweight ©fdhechetsnautvéanayhe modified to adjust the contact points between the anchor and
the bell mouth, and the difference between a lowest point and a highest point of the height of the bell

mouth maye modifisdhinAdiurihe muiag Wl ofdhe ANERRLAND S el FeREbGER the anchor

and the shell plating. Advantageous Effects of Invention
method for designing a bell mouth 4 in a ship having a hawse pipe 2 formed in a shell plating
1 of a ship, an anchor 3 arranged so as to be raised and lowered by a chain passing through
the hawse pipe 2, and a bell mouth 4 arranged on the outer end of the hawse pipe 2, the
method for designing a bell mouth comprising an initial shape setting step (Step 1) for setting
an initial shape of the bell mouth 4 depending on the type of ship, and the shape of the hawse
pipe 2 and the anchor 3; a three-dimensional model creation step (Step 2) for creating a three-
dimensional model of the bell mouth 4, the hawse pipe 2, and the anchor 3 on a computer; a
preliminary shape modification step (Step 3) for modifying the outer peripheral shape of the
three-dimensional model of the bell mouth 4 so as to be rotatable when the anchor 3 contacts
the initial shape of the bell mouth 4; a mechanical analysis step (Step 4) for performing a
mechanical analysis of the condition of the anchor 3 being housed using the three-
dimenstonal model of the bell mouth 4, the hawse pipe 2, and the anchor 3 on the computer; a
determination step (Step 5) for checking whether the results of the mechanical analysis satisfy
predetermined conditions; and a shape modification step (Step 6) for modifying the three-
dimensional model of the bell mouth 4 on the computer on the basis of the results of the
mechanical analysis, wherein the shape of the bell mouth 4 is decided while repeating the

mechanical analysis step (Step 4) and the shape modification step (Step 6).

[0015] In the initial shape setting step (Step 1), the initial shape that will become three-
dimensional pattern of the bell mouth 4 is set. The initial shape is selected depending on the

type of ship and the shape of the hawse pipe 2 and the anchor 3. The type of ship includes



[0012]According to the bell mouth design method of the present invention described above, a bell
mouth shape suitable for a ship type can be designed easily without depending on specific craftsmen
by creating a three-dimensional model on a computer and perfonuing a mechanical analysis to modify
the shape. Since a reduced-scale model or a wood model is no longer necessary, design time can
shortendehberd debiguscogts ganhesredlicadyftybesaime dsishvatightaahbkih giouths aharfsihermore

be accu d.inth ign offuture bell mouths, and.a bell mouth design can be
implememﬁ%g%%dg?g%é%%f {;}r}l% %? o%\!/ rl%gogtagé%lgi%acﬁoer be en’slgg K g%cﬁ ?ﬁ%’%ﬁo& %[%%H% ?:?resent
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describ I ith re | 0 IG. i ocessing flowchart wing the bell mouth
s T e, T R R R SRR TR 5 cesign
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passing(atf%%)l%lg’hh%ﬁ)(}‘:9 Jﬁ%/\q/g%]%% E)%%?%ﬁ%atg %gﬁﬂng{éﬁfhﬁ{ﬁf%gﬁge% on ?ﬁg %Xl? é?%r?gpc?ﬁﬁ%cﬁg\?vse pipe 2,
the methtiotlifotid sbiansingd Be isriouthiona priseigearcinitmbsHapeusetthigstep (Stepethdor setting an

initial shape of 9%5%5 A.gdepending on the type of ship, and the shape of the hawse pipe 2 and
the anchor 3; fff%ﬁee- imen%d%a?m'odel creation step (Step 2) for creating a three-dimensional model

of the b uth 4, hawse pipe 2, and the anchor 3 on a computer; a preliminary shape
modificjﬁgrx tep ?§£I§G3§’f H‘?o%ﬁ;}fﬁé‘%]%l%ﬂfé‘?rﬁ%‘?@r%’f Usahse! SRHE thr Be-Hithe R4 model of
the bell tauthed Gaias jo-he Fhiatableyshenttiie anehes & chntaats thednitialriteneah thes kell mouth 4;
a mechanical analysis step (Step 4) for performing a mechanical analysis of the condition of the
anchor ?B%’iﬁ%e i%%ggﬁruipﬂ%% é’haé%e %8’?: Sj?ﬁi’vﬁ?o?i@fagf tRE%; 19@%@%{%@%@\’@%{%@ 2, and
the anchior Sfainethelcamplitels scdeteminatian step {Steprbliler ahacking wheiberithe-destits of the

mechanical apalysis satisfy predetermined conditions; and.a shape modification step (Step 6) for
modifyiny {Ha rg%ga?ﬁ{“ea%ilg ?%8&%1%?@‘81%‘?&?8@%%%?%%%8&% é’%ﬁﬁ%@%ﬁ%ﬂg@g the results

of the mechéanical analyside Whereis the shibgpe nfithe Helf mewlidisdecideduhilesgpaating the
mechanical analysis Si}fﬁ’[%sﬁw and the sh%ge modifjc§tion steg &%‘te ?). OO}}S]In_the initial shape
setiing &b (H1c ¥ apd BiAT MR GO irckstate ib Which the anchar 3 is stored

so as not to contact the shell plating 1, the outside diameter R2 and height H of the bell mouth

4 are set based on the size of the space enclosed by the hawse pipe 2, anchor 3, and shell

plating 1. Therefore, there are settings in which the center O1 of the inside diameter R1 and

the center O2 of the outside diameter R2 do not match each other, as shown in FIG. 2(A).

Naturally, the center O1 and the center O2 may also be set to match each other. The initial

shape of the bell mouth 4 is set so as to form a hollow cylinder, as shown in FIG. 2(A), for

example.

[0017]  In the three-dimensional model creation step (Step 2), a three-dimensional model
of the bell mouth 4, the hawse pipe 2, and the anchor 3 are created. The behavior of the
anchor 3 and the contact conditions and the like between the bell mouth 4 and the anchor 3
can be expressed on a computer by creating a three-dimensional model of these components.
The three-dimensional model may be created with commercially available computer

software.

10018] In the preliminary shape modification step (Step 3), the initial shape of the bell
mouth 4 formed in a hollow cylindrical shape is roughly modified using the three-
dimensional model created in the three-dimensional model creation step (Step 2). For

example, the outer peripheral shape of the three-dimensional model of the bell mouth 4 is



dimensional pattern of the bell mouth 4 is set. The initial shape is selected depending on the type of
ship and the shape of the hawse pipe 2 and the anchor 3. The type of ship includes tankers and
passenger ships, as well as types based on deadweight, total length. and other size factors. The
shape of the hawse pipe 2 and the anchor 3 are set in advance from the shape of the hull. The bell
mouth 4nwdifiahgedsdn tireatateblenchof the frvse3pipet@;tatict ¢oittactsapaciohsShatidibetichain

connected.to ] e 4 must contact these components smoothly, and must
accom mgédggtseﬁﬁéggl?l%ﬁ%}%%}'ags{teggga%gt%}tté@l%?& Ak |§6§asma§ﬁg\%?ga ?lﬁrgﬁh@lfg% Ygﬁae?of a bell
mouth, witedirs () ditesethatribt appedrptienbitibebitlbnshabe ant(@)ddihbesttedadlpappearance

ofabell-me]\ggh G d {mj ification. [0016]In FIG. 2, Rl is the inside
diametelr (ra i'u%??f%@g%ﬂm?ﬁﬁ%agg {lksmtihﬂgggﬁgﬁqgg?n%egt%}% t?é?ﬁuls?)“,aaﬂ“do fiie%’taﬁ}eg{ﬁeight. First, the
inside diansbimafiobitiatochimmblithmiasgdoiruhoiiy diansetepdratiooordiameter) bithashawse pipe
2. Specifically, the Insi [ rRJof t I IS settp be smoesie1 the radius of the
hawse rﬁgg i?]g:ﬁég? '90& s%n%%ﬁ%ﬁd%}%égﬁﬁf !I'l%ﬁ%%v Sgsrt?o%)(gf%{es E”E\?\}tsue"til B‘i’paén; an § %agl Hollow
portion @fitfrliésﬁi_ég miclath theThetibutsitke.diambee hRRianddhedieiy bbtdioédhehbelt inouth 4 are set
pased ofie:AI% BRanaRs oL Wk ARCha b RLeXamMRle. Reg B sfale favhich the anchor S is

stored so as not to contact the shell plating 1, the outside diameter R2 an helg%t H of the bell mouth 4
are set BaubGH e Bide bitharpacdeeitsivdnd by thensanisecpipecdianatyong] andshel plating 1.

TherefoEﬁo§P§£§1§1rﬁ&ﬁﬁ@ﬂﬁgiﬂ{;"ﬁ‘@-&QE&@QB?{@Q%@J%&%@%%% A e center 02 of the

outside diameter'R2 do not match each other, as s own in at , the (';enter 01 and the
Torm & HOWBS) oy S0 EFRAIE A R A5 or AL [D I BRETHRER. ARG el model
creationtstep ditepsdna theeetdinensionabinbdeloh thedeldnauitedkithel havgee (iR 2nang the
e B H A It o . e ot sndions ng e e betveer
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compuSSRTE (CIBk L B sirins shspe meicnion o (G0 ). e il phae o
model cieatedhinbiibrthnak-timensieartimodiel creatind steh:(Sieped)iped. examplBothe outer
peripheli:)a{h?efaagye aogl;[zg% %)grsesggd it@r%rﬂlsg&?‘[}% ﬁg\?\%ee: Ip?}get eti%?!albr?%g}gg%tigred in contact with the

bell mouth 4. The anchor 3 is often inclined to one side of the surface of the bell mouth 4 and

stored as shown in FIG. 3(A). In FIG 3(B), C1 to C3 show the contact portions of the anchor

3 and bell mouth 4, and it is easily understood that the contact portions C2, C3 have more

height removed than the contact portion C1. The three-dimensional model of the bell mouth

4 can be modified in the steps up to this point without performing a mechanical analysis. As

shall be apparent, the preliminary shape modification step where three-dimensional model is

used can be omitted to proceed to the next step, which is the mechanical analysis step (Step

4), using the initial shape of the bell mouth 4 or the three-dimensional model after the

preliminary shape modification step shown in FIG. 2(A).

[0020]  In the mechanical analysis step (Step 4), the behavior of the anchor 3 and the bell
mouth 4 is analyzed using the created three-dimensional model. The mechanical analysis can
be carried out using commercially available software, such as "ADAMS" produced by MSC
Software, and "NX Design"” produced by Siemens PLM Software. Such mechanical analysis
software enables, for example, initial state analysis (analysis of whether there are
inconsistencies in the model of the initial state); static equilibrium analysis (analysis in a state

m which the mternal and external forces of the mechanical mode] at a certain time are in



modified so as to be rotatable when the anchor 3 contacts the initial shape of the bell mouth 4, as
shown in FIG. 2(B). At this point, the outer peripheral shape of the three-dimensional model is modified
so that the angled portion of the bell mouth 4 indicated by the shaded part in FIG. 2(B) is rounded. The
shape modification of the three-dimensional model may be modification by data input from a keyboard
or by megsdibpenationosn datorapuisribot dnid alsd possife ibuse arkaptic devidermArhaptio device is
100! for SARHLYING.RAA Bitlice Uy sesaing e A (s arkie [R1ge, QLA . getc Infolllation
obtained when a human contacts an object. Haptic devices mcﬁljdie pens, gloves,
six-degraesysfsfrbetistarmsiznipliatans] ad athbssdriosgedéviogsyidUinbeighaps efctirain point

three-di ioRal | odified, usi ix-degrees-of-freedom manipulator-type
naptc D e SRR JREE Shape of e
three-ditaeakisnal thode¢dfateabsibmoudt hesinghtingc threeddimdnsidranmddel ol thedzhbhlor 3 and
the bell mo IS,a.Vi I relimi e ification ste ing a
three-di%eﬁ%%%eagﬁ%e(?g@@ﬁé{gg r@%ﬁéﬁg&v%%%hg g%ﬂ?ri ¥r§ Q%%o%le@gqétalt%ag%} t?%‘)]pgﬁ%lv?/s the bell mouth
having uneidigoed predishivibey Eivapecinodfitativle] Az shingreaoF [Ge8A). tHéabaliatysigtreshis

connect t f ipe 2, T r:3] led by a chain passing through the
hawse p%e%g#]%r%%g{ b‘%%%gs’,tEcl)gr%olB ?#ch?r%é? %vﬁﬁ%?eﬁglg%%ndglo}t%a eb ‘anchor 3 is often inclined to
one sid e sug%?ﬁre of the hell mOLé'[’hA and stored as shown in FIG. 3(A), In FIG. 3(B), Cl to C3

1A (
show thE’ontact POHISACERIRE LAY S50 bfmouthe £ 3NN BHSIPGRte?<bBd that the contact
portionsaGéhdzd! Bave, mowhdight semevediban b gantact paitionHe bhkheithveawogngignal model
of the belt mouth 4 can be modified in the steps up to this point without performing a mechanical
analysis?’lﬁgdz%g‘ﬂ“géﬁgﬂﬁzr%ﬁﬁqﬁ Oﬁrgem'rﬁﬁgﬂgaﬁ%% %&%ﬁ‘:ﬁh%‘ﬁ E?é;ﬁﬁﬁ?e%“ﬂﬁf@é%ﬁﬁensional model
is used ealf kecdmitiesttapcaraedtadheinexestepicvhiehlisihe prethablicahanalysisies (Step 4),

using the initial shage of thﬁéfell.mouth 4§or the three-dimensional model after the preliminary shape
modificatfot? S&S SHERM iR Bl SR s SBii AR MSEhAHR PRRRIVSE St tstap HY R BRhavior of
the anchértizdnhd¢heal snokbh Zisranaksetlasingltheckraatetidiaetdisne rsiorRahmegelowhe

mechanical analysis can be carried out using.commergially available software, such as "ADAMS"
produced By fS & %%Brﬁ%?g,&éﬁd ”ﬁ%l’%@aﬁ“rﬁ?%ﬁ@ &rﬁy@'iélﬂiﬁﬁlﬁ%ﬁ%%%%a’?@%ﬁch mechanical
analysis software enables, for example, initial state analysis (analysis of whether there are
inconsisiéteids intHe thisdeyErisianitig Safédtesearecsbiuilic antaisisysieetainalysis in kirdtate in which
the interal gad, xipnglsiaEcasOiibs mechanicahmedal Al @ CRIANIMERIER the front of

the anchor, and (D) is a pian view. The mechanical analysis is carried out by dividing the

anchor 3, the bell mouth 4, and the like into meshed elements using the finite element method

or the like, as shown in FIG. 4,

[0023] FIGS. 5 and 6 are captured images of the results of the mechanical analysis
displayed in animation. FIG. 5 is a view showing the relationship between the anchor and the
bell mouth when the anchor is being housed, wherein (A} to {J) show the chronological order.
The bell mouth 4 is connected to the outer end of the hawse pipe 2, as shown in FIG. 5(A).
The bell mouth 4 shown in the diagram is not provided with a mountiﬁg base. The anchor 3
has flukes 3a and a shank 3b, as shown in FIG. 5(A). In FIG. 5, the distal end of the shank 3b
1s shown from the state of entering into the bell mouth 4 to just prior to the anchor 3 being
completely stored. When the chain passing through the interior of the hawse pipe 2 is pulied
inward, the shank 3b of the anchor 3 arrives at the bell mouth 4, as shown in FIG. 5(A). The
shank 3b is pulled into the interior of the hawse pipe 2 while making contact with the inner
side of the hollow portion of the bell mouth 4, as shown in FIGS. 5(B) to 5(H). At this point,

the anchor 3 is rotated so that flukes 3a are uitimately oriented downward due to the



equilibrium); quasi-static equilibrium analysis (static equilibrium analysis at each moment in time when’
a certain portion of the structure has been varied in time intervals); linear analysis/characteristic value
analysis (analysis for specifying and linearizing at a certain point in time the mechanical model
expressed by a non-linear formula); kinematic analysis (analysis of the mechanical motion of the
mechanicaldmiode! whieastteimechyanidat madelhisadicegytee of freedtrd) aatig: dyndmsbakalysis
(analysis,of the mechanigcal motion. of the mechanical model when the mechanical mpdel has a degree
o reec i g B S R ctner
forms. [GG21Pnwirelmeohahiodiemalysis. stepfliSten34 s shexaahdibich b thie Anrshbp Bdnrakfchored
state, the, gondition Qf t h bei ed while the chain is_bein und and.the condition
o the s Hord B e B R i
analysisofirsitnecharicad Ankbpsis i preferdbly WamedpuburdethedridLis cathditienshetitejoint speed
during t (M8, _anical analysis is varied, the orientation of the flukes of the anchor 3 is reversed front
and back, and the conditions of the pull on bow and stern are changed (e.g., varying the direction of
gravity and tilting the entire model). [0022]FIG. 4. is a view showing the state of mechanical analysis,

wherein (A¥TE a bifd'S- e ik, TNEE Gasslainrsoim trevrsartr thehercrerivohrlpbiaeview from
the frontgfcinehansbies: arskilpHsdlaRndpms TAENETBRMNCaAnasiss earsiedoutly dividing the

anchor 3, the bell mouth 4, and the like into. meshed elements using the finite element method or the

like, as SROUOR tEREuEd [BREETS SoRFEIRS Bptired MBYRdSHRENE&MEEtithe mechanical

analysisgdisptayedviiariniationHolG. bis.atyigw shovyngtie relaiopshigdetween the anchor and the
bell mouth when the anchor is being housed, wherein (A) to (J) show the chronological order. The bell

mouth g sepnediethidReAuisiana (e 0anerRe & A8 AU ani g el modth 4

shown in the diagram is not provided with a mounting base. The anchor 3 ha es 3a and a shank
3b, as sHEWNAWRISOBIARMG IS Giathedisttbentiohtsetshaptcdbdmsnedeofrdimate dite of entering

into the hel nayih A e skororIn e andhandheing compleisly sipcer: When e sainipassing

through'the interior of the hawse pipe 2 is pulled ifward, the shank he anchor-3 arrives at the
bell mout¥idgd shidwhare PIChGPAY. eetlsHank 36 is pulled into the interior of the hawse pipe 2 while

making contach i gt shiin el aupRTIBNof R PehMaMh £ a%aNRUILILE) &S, S(B) to

5(H). At this point, the anchor 3 is rotated so that flukes 3a are ultimately oriented downward due to
the condifiePrpasiétiesdthee feighllilatieadtion force from the bell mouth 4 acting on the shank 3b,

the tension of thg ghain-te,shape 9hihg shank ﬁ@re@&z&g‘?{%ﬂ%&f the anchor 3 at the start of

winding up the chain. Next, the flukes 3a contact the bell mouth 4, as shown in FIG. 5(1). In this state,
the shank 3b idBuiiseshfed fdoes e priviae pipelzihnlating surhseonatrdeppashieirdde of the flukes
3a of the, anghor ultimately contact the bell mouth 4, as shown in FIG. 5(J). [0024]FIG. 6 is a view

showing the relationship between the anchor and the shell plating
(¢) the anchor 3 contacts at five points (three-point contact with the bell mouth and

two-point contact with the shell plating) when the anchor 3 is in a stored state; and

(d) conditions (a) to (¢} are satisfied even when the direction of rotation has changed
due to the direction in which the flukes 3a of the anchor 3 have fallen down when the anchor
3 is being housed.

2. The case in which a mounting base is provided (the case in which the anchor 3 does
not contact the shell plating 1 when the anchor is being stored)

(a) the direction of the anchor 3 in a stored state is constant;

{(b) the anchor 3 and the mounting base do not contact the shell plating 1 when the
anchor 3 is being housed;

(c) the anchor 3 contacts the bell mouth at three points when the anchor is in a stored

state; and



when the anchor is being housed, wherein (A) to (J) show the chronological order. The anchor 3 is
housed under the same conditions as FIG. 5. An analysis is performed to determine whether the
anchor 3 contacts the shell plating 1 in the process. [0025]In the determination step (Step 5), the
results of the mechanical analysis of the three-dimensional model are checked whether they satisfy
predetermined (c0rditibnenT fe tmré&delmmattnﬂéd:emdﬂtiwhm bﬁe&e‘bdeﬁeﬁﬁﬁ@qc}ms feta@xample,

Whethera%é?@{ﬁ'é‘ﬁ% ase 55 dh(l }gghd %t Qas o fthe beII r’%al\zé rﬁien 38‘8}} &?t ﬁ%’aﬁ}% g\ﬁénhlch a

mounting base Is not provide (e case 1n w Te' anc jor ropp Shell plating
1) (é)ltﬁ?@iaﬁgéttt'umdaf the anchor 3in a stored state is constant; (b) the anchor 3 does not
contact the sh the nchor 3 |s bein Q cont at five
points (three- pe(I)lrﬁ1 %ontact Wit ]r(ﬁ%lu na t%o&ﬁhﬁl o gé tzmth (t%ri’ ¥ ﬂ?éﬁ Iathi aécﬁvhen the

anchor 34§ mealﬁtdtmicstatéaamﬂlind) (élﬁ nbemdmttneﬂabamhane:smsaﬂesie&emvhmfhehdy@ction of

rotation Dﬁﬁi e.to. the direction in h the fl a of the have fallen down when
the anchor 3%2%%%&? ﬁt(g'%gg)d&_e% P he t[:%geeln gkri%at%ﬁn ?nsgtegés ePsl.&gro%né’ed (the case in which
the anchisteBndives notroentactehE shed tﬁi&ﬁregxﬂwvhenaﬂltgemmﬁnm tieingsstorethe () the direction
of the a%:&% %H&Pa&é%@ g §§aﬁ? 'cc'ocﬁ"?nu%% Bt may be visually made from the analysis results

shown in FIGS. 5 and 6.

[0026] In the determination step (Step 5), conditions of the chain connected to the anchor
3 other than the behavior of the anchor 3 can be added. Examples of such chain conditions
include whether the movement of the chain is smooth; whether the chain passes along a
centerline; whether the chain rubs against the inner surface of the hawse pipe 2 or the deck;
and whether a bending moment is generated in the chain. FIG. 7 is a view showing the
relationship between the chain and the bell mouth when the anchor is being housed, wherein
(A) 1s a front view and an enlarged view of the bell mouth, and (B) is a front view and side
view of the ship. The views shown in FIGS. 7(A) and 7(B) are both views showing the
analysis results of the mechanical analysis step (Step 4). FIG. 7(A) is mainly for checking the
relationship between the chain 5 and the bell mouth 4, and FIG. 7(B) is mainly for checking
the relationship between the chain 5 and the shell plating 1.

[06027] In the shape modification step (Step 6), the shape of the three-dimensional model
of the bell mouth 4 is modified when the conditions of the determination step (Step 5) are not
satisfied. Examples of the modifications in the shape modification step (Step 6) include
modification of the height H of the bell mouth 4 to adjust the contact points between the
anchor 3 and the bell mouth 4; modification of the difference between a lowest point and a
highest point of the height H of the bell mouth 4 to adjust the swing width of the anchor 3 and
the distance between the anchor and the shell plating 1; modification of the height H of the
bell mouth 4 so that the anchor 3 (flukes 3a) contacts the shell plating 1 during storage in the
case of the bell mouth 4 without a mounting base; modification of the height H of the bell
mouth 4 so that the anchor 3 (flukes 3a) does not contact the shell plating 1 during storage in
the case of the bell mouth 4 without a mounting base; modification of the curved shape of the
bell mouth 4 so that the rotational direction of the anchor 3 is stable; and modification of the

height H and curvature shape of the bell mouth 4 so that the anchor 3 does not contact the



(b) the anchor 3 and the mounting base do not contact the shell plating | when the anchor 3 is being
housed; (c) the anchor 3 contacts the bell mouth at three points when the anchor is in a stored
state; and (d) conditions (a) to (c) are satisfied even when the direction of rotation has changed
due to the direction in which the flukes 3a of the anchor 3 have fallen down when the anchor 3 is being
housed.shell pitimges uitsnilthenviechiniCalmnabysisi sdiisfycttiese contifiimtiofy hfthe design of the bell

mouth 4 m nd). If.the results of the hanigal analysis.do not satisfy these conditions
. the e B B R iy o
configureehtptive:.aukb m atidatypossithe: fronsdhdppsiulte vt thénttectanicakanalysihbytkadamputer, or

may be é/ljgggl}}{d@l ( gtfg%rgf,t%ﬁz%ﬁgl%/fis results shown in FIGS. 5 and 6. [0026]In the determination

step (St conditions o connected to the anchor 3 other than the behavior of the anchor
3 can be added. Examples of such chain conditions include whether the movement of the chain is

smooth: {iiréther thEFCHEHT 0S5 briFa L srarir Wilsth Bieapp ikt in e dsiner surface
of the hawvsehpine Reinthe deek adaheiher:s i RLipgsReMeH i ge ner atedd miha fhain, FIG. 7 is a

view showing the relationship between the chain and the bell mouth when the anchor is being housed,
wherein¥4) SO R RS SRR BE RS ther BRAFATS R, aRatesh 1 BerdrievHuram side

view of thepsisipp Bhe Miews ishovsnintokasy 4 (franditBliaraibatisiavsishrwogHiie analysis results
of the mg?ilganic | @n lysis step (Step.4). FIG. 7(A) is mainly for checking the relationship between the

chain 5 8rd &' U ROGT EIEeTeE) (6 hinhRrfoPeH e kNG e T e s PEUREBR the chain 5

and the ghet platinieiul®02AHNheoshiapronadificatian steptatpR 6)dhaishangohtheanical

three-dimensional madel of the bell mouth 4 is madified when the conditions of the determination step
(Stop 5 AD O SHCHER, PABTHEA B P BOMGSTRS FES Shee AL S ReR 6

include modificatiantod thenddiglat Hoafsthenhel mpwbiido mejustledegntachpeints hetwesn the anchor
3 and tlr_l‘g eell Ut% mgdification of the difference between a lowest point and a highest point of the
5 IR

height H6FHiR 5 Pt e ity DR AR e RAS M9 Wi R At S BB wRen the

anchor anshtheishel platingdh madification ofithedeightddrefitbe, bell mouth 4 so that the anchor 3
(flukes 3a) contacts the shell plating 1 during storage in the case of the bell mouth 4 without a

mounting base: madiisalion ot ibmbalots alieiREDUINA.oR hatlin anclier 3 (lukes Sa) does

not contact the shell plating 1 during storage in the case of the mouth 4 wit out’a mounting base;
modificafiencotithee bsH e sihapaudnthe el hauting senthadisensthtioniyl diractiomufthe anchor 3 is

stable; mmﬁ@%aexmagomg&%%mm%@w@fé,@ﬁ&%f%&%!mymoﬁa%mf&% anchor 3

does not contact o
model is no longer necessary, design time can be shortened and design costs can be reduced.

A three-dimensional model of a bell mouth 4 can furthermore be accumulated as electronic
data to be used in the design of a future bell mouth 4, enabling the design of a bell mouth 4 to

be implemented more rapidly and at lower cost.

[0030] FIG. 9 is a system configuration diagram for processing the bell mouth design
method according to the present invention. The system shown in FIG. 9 is an example of'the
implementation of the bell mouth design method described above, but no limitation is
imposed by the configuration shown in the diagram. The present system has a computer 12
connected to a haptic device 11, as shown in FIG. 9. The computer 12 has a CPU (central
processing unit), a RAM, a ROM, a hard disk or other storage device, a keyboard or other
mput device, and a display or another output device; has software for carrying out the
mechanical analysis, and software or the like for processing the three-dimensional model
using the haptic device 11 are stored and saved in the storage device; and is configured so
that a predetermined program is executed by the CPU to carry out predetermined mechanical

analysis and modify the shape of the three-dimensional model by input from the haptic device
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shell plating 1 when the anchor 3 is being housed. These shape modifications of the three-dimensional
model may be made by data input from a keyboard or by mouse operation on a computer, and it is
also possible to use a haptic device, in the same manner as the preliminary shape modification step
(Step 3). [0028]Mechanical analysis is again carried out when the shape modifications of the bell
mouth 4lhavéiendepuEnd Iriechanictidioalysiscotapi(Biegion thirouigh 4he shageothedification step (Step

) are repeaieanLng preasieingd sendifionsareatisied in i daierination siep (Step 5). FIG.
8 is a view showing a three-dimensional model in whic the s ape of the Bell mouth has been
modifiediistheutsid (Apdsvertieliuiibbrtrormietiing s andergoneprétatimalipshagennodification, and (B) to

0 Shodshe EROSIERTANIG (0 (AR NEDSRIRIRLANINES HGRIBIRRY) (hiolah e shape

modification step (S_tep 6). In FIG. he shape o ell mouth 4 is modified so as to have a
smoothépmaateigeiuadivedtisuacech o hie 8:iggJYab/ [Eyoslighinaujistmerits areundatie 1 the height of

the boll RN ANGLAINRL TRSLote: (ANARE SUELARIAL SHoWd IBE IR/ ﬁ%ﬂ%}%ﬁ%de ermined.

[0029]According to the method for designirig uth"4 describe aboq)/%e, &'0f the bell
mouth 4tkgltlplerdhanshipctypelsambetbesighid easily on a computer without depending on specific
craftsmen. Therefore, since a reduced-scale model or a wood model is no longer necessary, design

time carjdgs shortenekkandidesigr cesiscansigduces: Ailuparinengionalimodel afia bell mouth 4
can furthﬁz‘%\o ccumulated as electro a&%thea used in the design of a future bell mouth 4,

enablingt t&%e??g?ﬁ o?%%él? R rﬁ]riif?ﬁs WS @R LA AR Swe e E946030]FIG. 9

is a systeay cerfigiratierisiagrem for psecessingpihalatnauthdasizn mathegdacaadivgio the
present invention. The system shqwn in EIG. 9 is an example of the implementation of the bell mouth
design et eo%”ifgé Hbéd'ab ,0% %%armﬁt%rq%eﬁr%o%@b‘?fy({ﬁ’éegﬁﬁﬁﬁh%‘f@ Shidilrkhe
diagramplimegprgaeniesysien) hasharcormplien hxoadnnecteehtadicohapticaigyicer 12, as ghown in FIG. 9.
The computer. 12 has a CPU.(central processi nit), a RAM, a M, a hard disk or other storage
device BRUGHREDPOURES TR RIS, SoP A WLy G SREREE Bl RN B AT re for
carryingwisicthé snbehanicgtanadysis, [andr-sabivarenpithie vike. fon proeessing dhe:thtesimensional

model using the haptic device 11 are stored and saved in the stqrage device; and is configured so that
apredelf‘eg}ﬁ%lﬁ%aa 6?8653%‘@%%%&@8%@%#&%“ BERHY SRt éﬁ@?@%ﬁﬂﬂ?éidlﬁf&hanical analysis
and modifchaeisfiapeigfitheihrae: dinrehsiohalcnagelddy M put firoshipe haptitaesicged 1StEhe

comput is,connected, tg.a telecommunijcation cir uit‘]!f to which other computers, servers 13, and
the like & é%%%}}\aé’gté%d%feﬂbee Ieﬁlé%%mmﬁﬁf&og%qc?ﬁ%r%sﬁﬁf% i ¥ﬁt§&?§£??"ﬁ&%ﬁ?ﬁ5 i’réy connecting
various kantimdmigation dnesoftelepionddines, ISDN lines, ADSL lines, and other public lines; and
dedicated lines, and wireless communication networks) to each other using TCP/IP communication

protocolgndjthe i ngvvrriincludesdben nis e L (CMRERY RSO AL RYUWAYOELORARE T,
100BASE-TX, and the like, and home networks and other LAN. [0031]In the initial shape setting step

(Step 1)?%?4%&&@%5@%@%%%%&1?1 shape of the bell mouth 4 is saved in the computer 12

or server 13. At this point, the shape data of the bell mouth 4 is preferably associated with
the ship type and the shape of the hawse pipe 2 and anchor 3, and then stored and organized
into a database. In this manner, the shape data of the bell mouth 4 is accumulated, whereby
bell mouth shapes of existing ships are converted into CAD data and stored with their
associated ship-type information in a database. The database can be used for setting a profile
of the initial shape of the bell mouth 4. Therefore, a more enhanced database of the bell
mouth 4 allows the initial shape of the bell mouth 4 to be more closely approximated to the
final design shape, the load on the mechanical analysis step (Step 4) and the shape
modification step (Step 6) to be reduced, and the shape of the bell mouth 4 to be determined
casily and rapidly. The three-dimensional model creation step (Step 2) through the shape
modification step (Step 6) can be omitted and the shape of the bell mouth 4 can be

determined for a ship having the same conditions.
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selected based on the sh’ib_ type and the shape of the hawse pipe 2 and anchor 3. These data may be
electronic data stored in a server 13, or may be data described in diagrams 15. Next, in the
three-dimensional model creation step (Step 2), a three-dimensional model of the shell plating 1,
hawse pipe 2, anchor 3, and bell mouth 4 is created on the computer 12. In the preliminary shape
modificafierkegx@nmes), the initial shape of the bell mouth 4 is modified using a keyboard, haptic
device 11, or another input device. In the mechanical analysis step (Step 4), a mechanical analysis of

the thregsdimpnsionabradedisppréarmee sisiag: meshanical @ralysia seldwarerstang intheycomputer
12. In the shape modific}atio Eeﬁaﬁftep 6), the shape of the bell mouth 4 is modified based on the
il

analysis Te&UHs HHEE Ittt gt e tiod s e BV JB0%DE e HE shape of

the bell hosthdahiasbeanduliimatalyshaterrinad selgcitonitdalen(adn SAREALR) representing the
shape of the TII Fguth 4 is saved in the computer 12 or server 13. At this point, the shape data of the
bell moltH AT TRt A58 RUEBRRRLIF I thSARTURR SRerHir (W @F the hawse pipe 2 and anchor

3, and then stored and organized into a database. In this manner, the shape data of the bell mouth 4 is
accumul@tsd] wheredyusenans mpcshaisekashbsisting ships are converted into CAD data and stored

with their assogiated ship-type informatign in a database, The database be used for setting a
profil of the InNETERARE 81 NG DAl hooUtH oL TREFGTANS o OPE SRRARYA U ABBSE the bell mouth
4 allowsntheemnitial ishaqpeof theabeih mouiththic bheemarargiosalyoApploxiiitgteficdanthbentinal design

shape, the load on the mechanical analysis step (Step 4) and the shape modification step (Step 6) to
oo rocuCel T SRS e TR 8 A L R S AP AR e

three-didwmsimhahmbzdieksibatioecbtepc{Steb 2 thrbegledhelshapepmadificatieritstag éBtep 6) can be
omitted gsggntltg? Ssh%ng of 1tglees b%gorg&u&[g él can b% gt%g@in%régr(%shﬁ having the same conditions.
Working examgref 0 I:'ﬁ working exarﬁp’ile orthe p isent invention 1s descrbed'be de%?%lG. 10isa
view showing s exanopl éoof ¢h erdeltimodyhalesigim mettaoid obtheqeresentamyentiots, idnetein (A) is the
state after -has been housed as seen from the ship stem side and (B) is,an example of the
computté%fgﬁgl %El%s&g%t %%égcsztllglfn%}sgr%én Sdﬁ%él%&n?a%’ﬁ ’[5@%’%&?%35%&%( 1(IJ'l(Iter%lé%hanical analysis
Mechanicaianalysis{siar@ai (cOMBuithrtaid 8 thenginedting) Inol for icohpedingtheovechemicid a time
domain | e s s}%@ ompesed of luralit gf components. Such a tool ordinarily treats all
compon%ljhat aggr(?gg%gdles v]\%t A6U Elgﬁg?&g%igﬁréé}%ﬁg gﬁnﬁa%b%@d%ﬁ%@?ﬁ%ﬁ%&%ﬁ% and forces

betweektherediessodetitsacoinstityting anehssembleddynchpphizedidmipdedtdepanrtingion degrees of
freedom.gf s eRMmPRRENIe. A0 RURNES 1RAGIAN Rier And ek dYpamies n opaialion between

. O I CXPIresSsin 100
the components. In other words, mechanical ana yéIS refers to mO{IIOI’l smu%tlon, %1 errerence

checkinggeaithcompetativiyof dyniamics bemded otivruiymiinktid reRlectinBym'bigdosiuced in the
mecha '%Iﬁﬁ JSh ware ign”".used in the working.example, and it is possible to perform
kinemar}llcs anoE g%a%?liés r?ot?éé%%a%g{s})rggaﬁt%aﬁg%n rll)él%n %ﬁ%ﬁﬁ%’ §/’ s'sg?elr%xgﬁig 1§f§tic equilibrium.
"Recur"rsfdaniRécnréives métleddd tbiohnisng niethedcior exgdressingequinetitmee gigditidimousing relative
coordingiedeiiaen Mk alilksc.anctacanan ahissis, At Geing heumberof goordinates o
increase computing efficiency. For example, a mechanical analysis related tbthe hotsing of an anchor
and chalimkelgdingsotrrieeddbfinitivhediak dedition, joihe defiditiosshindithneectiimenbioali tontact
definitiopy, Specifically, (1).link gefinition: to define. individually link.i el d in,the
mechan?é?a analysis; 1?2)' jointgefinitlkgn: toegie m’ea{r{\aflllﬁéﬁ%%@é’n%%%%%r% C}gfggt%%r@%ﬁ%?%sf%ﬁadOther
movemémshmgadlimensional contact definition: to specify and define models for which contact
computation 1s desired. Mechanical analysis is carried out when these definitions have been

completed.

f0035]  (2) Resuits of mechanical analysis

Sliding in the joints during anchor and chain lifting will be defined. A model of the
distal end of the chain is selected, the direction of the sliding is determined, and the sliding
speed is inputted for the target joint. The time is furthermore inputted to determine the
movement distance. When the distal end of the chain moves, the trailing anchor and chain

contact thereby being pulled because a three-dimensional contact is defined for the anchor
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(3) three-dimensional contact definition: to specify and define models for which contact computation is
desired. Mechanical analysis is carried out when these definitions have been completed. [0035](2)
Results of mechanical analysis Sliding in the joints during anchor and chain lifting will be defined. A

model of the distal end of the chain is selected, the direction of the sliding is detennined, and the
sliding spwkehistinpwitend poHihe hasgenjoritePiel tme pstfarhennohen tipufiokictooddtermiherthe

movement gistanae. When the, distalend of t@ﬁ&%@ﬂﬂ%&é@;&ﬁgi"ﬂ%?&.h %%dtﬁggxig%ﬁ?mact

thereby being ptlled because a three-dimensional contact is defined for the anchor a ain. Actual

pulling hagwiles! patlerastwerd éapmqtﬁaﬁwf@@ﬂhmemdﬂ@éé@ﬁﬁg eorthor reshaeibaptisalshib hull and a
pattern (g whemfimfieraifiagiod outwairk\len e ghaidsiaulastinhe, oA fqeing state,

the anchor flukes initially contact theship bow side of the bell mouth a timately secured facing

the shipashier siths aBuirisighn ennee meilt tncah chior rosislgaihSrathelupaitipordontasl siibebow side of
the bell moyth;and foates When %Ht’fﬁi{i‘n!% a&é&e%@mmaﬂg%gfﬁp&é% lfgstﬁﬁeﬁfﬂgr rubs

against the lower portion to the ship stern side of the bell mouth, and is secure he same position
while rotB@inBinsteid sisiseditbedirdbaunitia pnddhasisstbinabsisisacperidgouhids iesagwothatterns. As

2 result ghaheekingdis oneralianIn.A INAeAIRANRNAL AR il Was BazeIlie. A epradich

substantially the same operation as the model test using a reduced-scale model. FIG. 10(A) is a view
showing bepbitiphopriseaitaciiahibiafanpsis easUiid Bnt sewssthblstattcafediutiie anchor has been

housed g4 sagafipmhdhasbippsiam stenONRAlRL Reterminationof tha finalghapgs, 1oNhan the

condition of the anchor being housed has been successfully reproduced as a result of the'mechanical
analysis? HevsHRgyEiE tHoBEINMbtn eghanirehapmyesrigitior sndhbeawe ot veinglisstsed has been

successfyllyreproguceshisis final-shaps 851908 asthggondition of the anchor in a midway anchor-lift

state and the condition of the anchor being housed are satisfactory, as shown in FIG. 10(A). However,

when e>|Ti %%al[:/e fﬁgﬁ%%tcets on %he ship hull or %ther defects occur in the stored state and midway

anchor-lift state, t Fee-dimensional moderdfihe bell mouth must be modified and the mechanical

analysis perforwa@lnaeﬁawah@@ﬁl@f@&ﬁw&%ﬁgmg&{é@@e@ﬁwwﬁﬁmH&%ﬂ%&%@@aforces
e

during contact. In FIG. 10(B), the_ vertical axis represents the reaction force (N) between members at

the cont@éPB&ﬁi@ﬁé@‘%&W@i%ﬁ%ﬁhﬁaﬁ%&}é%%%@lﬂﬁé%%%‘6?%@1%&5@1%%1} 8f the anchor
and chaiindeing:pideshiedftback sisragndl shawsdhedeastiamiogeef fhejeinkthat connects the

shank and the anchor main body, and F2 (white square) shows the reaction force of the joint that

connectSHEUATAGAGRERL A AR ARER SPPRaT ot e AR S Gorsbio R R4 Hfe BpRIAtedSrom the area

(the R pestien inréhardingiam)ansmiahitheranchor contretes thabielmauthe asehawd iR hiG. 10. This
change shows the reaction force generated between the flukes and the anchor main body when the

fluke poPtBhi e GRRSEHE IS Rt B E ARG BtYAR By HouLal: theHisianner,
modificatigeefishel thepidimensianalonedalef thenbelbmpuh apdivachasicahanalysis are repeated

until the reaction forces are no longer generated ar until the reaction forces reach a level that does not

cause aSFOBIEH WA tHaF dXCRLSRAALESHIBIZAE Le rartival S IHPEUY REREAHRRINECEE the anchor.

For examplag mediicationiand oreghianicatianalysisohtbenth raedipensional Modelwidhe bell mouth
are not required to be repeated as long %smc%nge is on the level of the protruding portions of Fl an F2

at abouf B SEEH S RIKSSBATHATE fBRD RS HRE LR STARRF RIS AN RBssssiHe Biesent invention is
not limiteddenthe ehahogionentmdesatibeeabpvesdhe F1 (black diamond) shows the reaction

force of the joint that connects the shank and the anchor main body, and F2 (white square)
shows the reaction force of the joint that connects the anchor flukes and the anchor main
body. A considerable change appeared from the area (the R portion in the diagram) in which
the anchor contacted the bell mouth, as shown in FIG. 10. This change shows the reaction
force generated between the flukes and the anchor main body when the fluke portion engages
the bell mouth as the anchor main body is being housed. In this manner, modification of the
three-dimensional model! of the bell mouth and mechanical analysis are repeated until the
reaction forces are no longer generated or until the reaction forces reach a level that does not

cause a problem, when that excessive reaction forces act midway through the housing of the



various modifications will become apparent without departing from the scope and spirit of the present
invention. BRIEF DESCRIPTION OF DRAWINGS [0038]FIG. 1 is a process flowchart showing the bell
mouth design method according to the present invention; FIG. 2 is a diagram showing the initial
shape of a bell mouth, wherein (A) is the external appearance of the initial shape and (B) is the
externakappuarerceatialbaoddichtivhiskdinechatiery ond piekmihatirshappmensdifidatiote]l  FIG. 3
's a view,showle e RrGIMIngLy shapk modificalian SieR.uRIag.a 0iees0imansionglfnodel, wherein
(A) shows the anchor storage state and (B) shows the beﬁ mouth Which has undergone preliminary
shape rivefifisaapnortions|d M ignd viehnshiawih genadiatecinyrsciamite pulbiysio, thhereor(A) is a
bird's-eyg YieW;(B) is a side view from the rear of the anchor, (C) is a side view from the front of the
anchor, and (D) is a plan view; FIG. 5 is a view showing the relationship between the anchor and

the bell when the anchor is being housed, wherein 0 (.1) show the chronological order:
FIG. 6 |£8§ #@W s}ﬂ\ﬁ/ﬂﬁsﬁ% %%YSHBH%ﬁ?&%%ﬁ\%@ﬁﬂé‘%ﬁéﬁ@%&%ﬁe St 6%?5@%%% the anchor is
being heuseds wheiginidyste:{ll bsbomcthppahsoneidgicatiopderng frohl Gelsisge\deivsshovdng the

relationsmhip betwteen the chain and the bell mouth when the anchor is being housed, wherein (A) is a
front vieW ana an éWS’P&@H'view of the bell mouth, and (B) is a front view and side view of the ship;

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG. 1 is a process flowchart showing the bell mouth design method according to
the present invention,;

FIG 2 is a diagram showing the initial shape of a bell mouth, wherein (A) is the
external appearance of the initial shape and (B) is the external appearance of a bell mouth
which has undergone preliminary shape modification;

FIG. 3 1s a view showing the preliminary shape modification step using a three-
dimensional model, wherein (A) shows the anchor storage state and (B) shows the bell mouth
which has undergone preliminary shape modification,;

FIG. 4 1s a view showing the state of mechanical analysis, wherein (A) is a bird's-cye
view, (B) is a side view from the rear of the anchor, (C) is a side view from the front of the
anchor, and (D) is a plan view;

FIG. 5 is a view showing the relationship between the anchor and the bell mouth when
the anchor 1s being housed, wherein (A) to (J) show the chronological order;

FIG. 6 is a view showing the relationship between the anchor and the shell plating
when the anchor is being housed, wherein (A) to (J) show the chronological order;

FIG. 7 is a view showing the relationship between the chain and the bell mouth when
the anchor is being housed, wherein (A) is a front view and an enlarged view of the bell
mouth, and (B) is a front view and side view of the ship;

FIG. 8 is a view showing a three-dimensional model in which the shape of the bell
mouth has been modified, wherein (A) is a bell mouth which has undergone preliminary
shape modification, and (B) to (F) show the results of repeating 1 to 5 times the mechanical

analysis step (Step 4) through the shape modification step (Step 6);

14



FIG. 8 is a view showing a three-dimensional model in which the shape of the bell mouth has been
modified, wherein (A) is a bell mouth which has undergone preliminary shape modification, and (B) to
(F) show the results of repeating | to 5 times the mechanical analysis step (Step 4) through the shape
modification step (Step 6); FIG. 9 is a system configuration diagram for processing the bell mouth
design methodid€cOriingtsi¢hecprégpmehovehtigrnalin prodes@ng thista Nimwshdesdimg aredxdmple of
the bell 989&?&95%%5%%5@#1 the: present invention. wherein (A) is the state after the anchor has
been housed as seen ffom the ship stern side and (B) is an example of the computational results of
the reaction forlckidififgpcontasho@ha Hi Sxaphethdb:foelHesigtinig sgbetiatiodthfitha sleieiiaving a
hawse Ripe{RunCdiea2ne) RAngol i S, an.arehosananaed: R as.loms,alseg;and lowered by
a chain passing through the hawse pipe, an a%e mouth arrangeg on an outer end of the hawse
pipe, thetmettide dod désigningxarhplt wiohthcoomplisimel resudts ofitial shaperséitinglstefor setting an
initial shape.of the bell mouth depending on a type of ship, and a shape of the hawse pipe and the
anchor; a three-dimensional model creation step for creating a three-dimensional model of the bell
mouth, the hawse pipe, and the anchor on a computer;
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a mechanical analysis step for performing a mechanical analysis of the condition of the anchor being
housed using the three-dimensional model of the bell mouth, the hawse pipe, and the anchor on the
computer; - a determination step for checking whether results of the mechanical analysis satisfy
predetermined conditions; a shape modificaﬁiog step for modifying the three-dimensional model of
the bell mouth on the computer on the basis of Its of the mechanical analysis; and a
preliminary shape modification step for modifying an outer peripheral shape of the three-dimensional
model oflthe bef meingrdsoraissizhio gothrdbreowhcn thehimbiiongeritaets ipdrftiashape Btthe bell

mouth, gl MRS ENSIONB SIERNAN SIS 1o b VRN HRBRALYE é%%ﬂ%@'s decided

while repeating the mechanical analysisstep and the shape modification Ste Il mouth

design nietineghdbedwaiisg pipelaird 2 balhorentbaratandaldi@meter afdtoé thitid whapeoftise bell mouth
is set bagedan a.di ,?‘Lﬁﬁggﬁ‘%m%% iRthe initial shape selling step. 3. The bell mouth design
y of the preceding claims,

method according to a herein an external diameter and a height of the
initial shape of theimelhinsimiib sstdet bapddrontdrgize dfiand dhesbape okihe anthdspimthesibitial shape

setting step. 4.The.bell mouth design method .acci#lrfﬁi to any of the preceding claims, wherein a
profile ofatﬁg’?n?}asﬁé?fa g] 5t Beb(gﬁlﬁé%‘t‘ﬁsl%%é’fe i éﬂ%?ﬁ‘ﬁ?‘gﬁape setting step using a database in
a three-dimensional model creation step for creating a three-dimensional model of the

bell mouth, the hawse pipe, and the anchor on a computer;

a mechanical analysis step for performing a mechanical analysis of the condition of
the anchor being housed using the three-dimensional model of the bell mouth, the hawse

pipe, and the anchor on the computer;

a determination step for checking whether results of the mechanical analysis satisfy

predetermined conditions;

a shape modification step for modifying the three-dimensional model of the bell

mouth on the computer on the basis of the results of the mechanical analysis; and

a preliminary shape modification step for modifying an outer peripheral shape of the
three-dimensional model of the bell mouth so as fo be rotatable when the anchor contacts the

initial shape of the bell mouth, after the three-dimensional creation step,

wherein a shape of the bell mouth is decided while repeating the mechanical analysis

step and the shape modification step.

2. The bell mouth design method according to claim 1, wherein an internal diameter of
the initial shape of the bell mouth is set based on a diameter of the hawse pipe in the initial

shape setting step.

3. The bell mouth design method according to any of the preceding claims, wherein an
external diameter and a height of the initial shape of the bell mouth is set based on a size of

and the shape of the anchor in the initial shape setting step.
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which bell mouth shapes of existing ships have been converted into CAD data and stored with their
associated ship-type information. 5. The bell mouth design method according to any of the preceding
claims, wherein a mechanical analysis is performed for the condition of the anchor in a stored or
anchored state in addition to the condition of the anchor belnEq housed in the mechanical analysis step.

6. The béll moutRREgRME G Hrrsidr At arrss thavpretdhfimgecraing cofeselingien 2
three-dirgesisiopatipadabpiihsckaltnp et mRdkfied ianHbenaempniss iihe shanaimpodification step

or the preliminary shape modification step using a haptic device. 7. The bell mouth design method
accordm@af@hé’ﬁﬁllﬁf the preceding claims, wherein the predetermined conditions in the determination
step are that a direction of the anchor in a stored state is constant; that the anchor does not contact
the shell plating when the anchor is being housed; and that the anchor contacts the bell mouth at three
points when the anchor is in a stored state. 8. The bell mouth design method according to any of the
preceding claims, wherein a height of the bell mouth to adjust contact points between the anchor and
the bell mouth in the shape modification step. 9. The bell mouth design method according to any of
the preceding claims, wherein a difference between a lowest point and a highest point of a height of
the bell mouth is modified to adjust a swing width of the anchor and a distance between the anchor
and the shell plating in the shape modification step. ABSTRACT Provided is a bell mouth design
method whereby a bell mouth shape suitable for a ship type can be designed easily without depending
on specific craftsmen. The bell mouth design method of the present invention has an initial shape
setting step (Step 1) for setting the initial shape of the bell mouth 4; a three-dimensional model
creation step (Step 21 for creating the three-dimensional model of the bell mouth 4 and other parts on
a computer; a preliminary shape modification step (Step 3) for modifying the outer peripheral shape of
the three-dimensional model of the bell mouth 4 so as to be rotatable when the anchor 3 contacts the
initial shape of the bell mouth 4; a mechanical analysis step (Step 4) for performing a mechanical
analysis of the condition of the anchor 3 being housed using the three-dimensional model of the bell
mouth 4 and other parts on a computer; a determination step (Step 5) for checking whether the results
of the mechanical analysis satisfy predetermined conditions; and a shape modification step (Step 6)
for modifying three-dimensional model of the bell mouth 4 on the computer on the basis of results of
the mechanical analysis
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which bell mouth shapes of existing ships have been converted into CAD data and stored

with their associated ship-type information.

5. The bell mouth design method according to any of the preceding claims, wherein a
mechanical analysis is performed for the condition of the anchor in a stored or anchored state

in addition to the condition of the anchor being housed in the mechanical analysis step.

6. The bell mouth design method according to any of the preceding claims, wherein the
three-dimensional model of the bell mouth is modified on the computer in the shape

modification step or the preliminary shape modification step using a haptic device.

7. The bell mouth design method according to any of the preceding claims, wherein the
predetermined conditions in the determination step are that a direction of the anchor in a
stored state is constant; that the anchor does not contact the shell plating when the anchor is
being housed; and that the anchor contacts the bell mouth at three points when the anchor is

in a stored state.

8. The bell mouth design method according to any of the preceding claims, wherein a
height of the bell mouth to adjust contact points between the anchor and the bell mouth in the

shape modification step.

9. The bell mouth design method according to any of the preceding claims, wherein a
difference between a lowest point and a highest point of a height of the bell mouth is
modified to adjust a swing width of the anchor and a distance between the anchor and the

shell plating in the shape modification step.
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