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. Backaround Art [0002]In general, a ship has a winch disposed on a deck, a hawse
pipe arranged from the deck through a shelppigtiri@rglgin 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 navigatin@rA beliwouth B ESHEIged poEemuter end of the hawse pipe to
wind up the chain smoothly and secure the anchor stably. The bell mouth is substantially
donut-shaped as described in Patent Document 1, for example. The shape of the bell mouth varies
dependinggmitig Shi 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 isgffe1y designeg taratgh eI laWing SRS thod 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.

Backeround 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 described in Patent Document 1, for example. The shape of the
bell mouth varies 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.

[G003] 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 matenal on the initial shape;

(3) Carrying out a model test (lift 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 mode! 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 a model test (lift anchor test,and other tests) using the reduced-scale model, (4)

Confirming the hghavianehthrichain dyindRncher ifiand thecondition, ehihsangharhginghoused to
:

examine whether the bell mouth satisfies predetermined functions; ~ (5) Repeating the molding and
model teStifig BreRE TR cAR semetis asharp exirhinaiin @sdrigrasatdinctionshatdrimy a full-scale

model fromdhedeshiced-scale model to produce drawings and two-dimensional CAD data after a
shape satisfying the predetermined functions has been obtained; and (7) Fabricating a full-scale

resin wood modél {FRsiFAtBaIfoH cCssirartepdadsh o forana dlimuurau s bedhadsigned using

the steps,{LhdadahAesaribadaboyaifa0P4iRatent RosUMER &) Jaranssebaid-open Utility Model
Application No. 6-23894 Patent Document 2: Japanese Utility Model Publication No. 3-31674

00047 Patent Document 1: Japanese Laid-open Utility Model Application No. 6-23894
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
moided 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 skill.

[0006] The present invention was devised in view of the problems described above. An
object of the present invention is 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 the present invention, 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 beil 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-scale model is molded based on the model test also depend on the knowhow of the

craftsmapcHBese g AR ihihe.haoding, dawmehigskih %@q@ﬁdbﬁtéleﬁ@ééﬁﬂﬁlé%%ﬁumbef of

the craftsmen with such skill. [0006]The present invention was devised in view of the problems

described SbBVenATF Bsjetishen ip rasait shiBn s el Hravadesis eiF otrAcsEBigethethod whereby

a bell mauthinharesuitabie fona sifipbinesea besesigned aasiwihautdepsnding op specific
craftsmen. Solution to Problem [0007&&%0( m; to thebgesgnt invention, there is provided a method

for desighfHgPBEICMBIRIRENSHIShER Rg4 RAWSE ppdsBFiiednpchmel pratirigs orimscinipean
anchor atrapgeese naltmbekaisedaed Jaweregyid.cnain passingthrongh the hawse Rips,.and a bell

mouth arranged on the outer end of the hawse pipe, the method for designing a bell mouth comprising
an initial@ﬂﬁglfg@é‘fﬂr?@egtep 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-ditAekkional prdtielehihédos imidifiieatioe bawSer piod;and:the anehpedpharabshppiert a

mechaniﬁf%l tﬁ%yﬁ}ﬁéﬁﬁ&{ﬁrrﬁg&qrﬁ? ' geﬂ]%cohu%ﬁ g8 laéa Poa{yg !%tg{amg %?123 I&l%naggﬁgle an a@:?sr being
housed using the three-dimensiona

the initial shape of the bell mouth may be inserted after the three-dimensional creation step.

[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 anchor, for

example. In the initial 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 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 addition to the condition of the anchor

being housed.

[0011]  In the shape modification step or the preliminary shape modification step, the
three-dimensional modei 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

f0012]  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

L



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

repeatingthp perhanicahanslysisstep Antkthe shars.madification.sterJAR0SIA praliminary, shape
modification step for modifying the outer peripheral shape of the three-dimensional model of the bell
mouth séﬂ&gh%}“tf@ir@%a{éiﬁﬁetwﬁlfﬁé@fg%?-c§ma%ﬁsrﬂ6ﬂ@9ﬁﬁra¢f§ﬁaﬁ@1§k i@ perdrivodslitaybe

inserted gt e uasrcimensional creaionsian.IP009A e ek shang seitg siep. an internal
S

diameter of the initial shape of the bell mouth is set based on a diameter of the hawse pipe, and an

|
external SiEssieral i AERsH: BrHbsiplshspa o treasenwétied rndarpadededwsigeelhf and the
shape ofithe-anshorofarexampleIndhainitigbshane seitingsisr ARiRfilg flthe iniiabshape of the

bell mouth may be set using a database in which bell mouth shapes of existing ships have been
convertetP M EpedatP el drsigfedenan mrthododaserem pryaBimYormation,. [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 prelimin&{-3hEIE HETREULENREPINEERES- dimensional model of the bell

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

the dete@ingﬂon step are that the direction of the anchor in a stored state is constant; that the anchor
does not {Bhtact t é[ff’b?gfﬁ]%f\ymé?{%fdﬁgﬁ%?‘?g BEiNGSEhsE de o Witk i&reRseRer contacts the

belt moughiG threeypints wharhthe:aiehdrowdRe: sterechstate bigr avamelaidn theighape modification
step, the hei?ht of thﬁ bell mouth may be modified to adjust the contact points between the anchor and

the belt HSAIH %G the RFRSPLAREBERReen 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 &Pélrplatinys Saventagéous. Eftdetl ofombedustgn method of the present invention is a

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 modetl 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, the hawse pipe 2, and the anchor 3 on the computer; a
determination step (Step 3) 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 belt
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 performing a mechanical analysis to modify
the shape. Since a reduced-scale model or a wood model is no longer necessary, design time can

shorteneghand.deRigncosts CamReteduead Jlresdimangional daia afbelmeythscan.futermore

be accumulated and used in the design of future bell mouths, and‘a bell mouth design can be

implemefe@iholds By Aribickavmeridsst Bydubmanthe e rinetith adsrpsnismodoties plesent
invention;R ESCRIRTHANMRIEMB QRINMENISHOQLAEmbodiments. of F!ﬁepl?eﬁ%ﬁéﬂi’a%%ion are
0

described below with reference to FIGS. 1 to 9. FIG. 1 is a processing flowchart showing the bell

mouth déSEPetRedhsdsiBirPRstHe frébeArihvefidhe ot LmpwlsAswstadiest thatie bell mouth
design methedRitbe:psesant inveptiands armethed for designing 8 Helmeuth 41a a ship having a

hawse pipe 2 formed in a shell plating | of a ship, an anchor 3 arranged so as to be raised and lowered
by a cha3$48&shaniBad trirhshsesnte bebmpytbenirrsind 4)drtirgedeoralirsatarend of the

hawse pipe Bithe maibasdos desianing.mielbmaxheompisinganintial shape settingstep (Step 1)
for setting an initial shape of the bell mouth 4 depending on the type of ship, and the shape of the

hawse pig& PURY YHRb4sRBAAiCaifee-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
prelimind8P$hhpe mddificatidh isttp (Stels 8)dorwaditivg tieleuiel periphdral Shaghe of tide

three-di i I -bell S0 As to.be rotatabl nthe anghor 3,contacts the
initial shrggieh%?{ﬁé%gt% iéﬁuﬁ%ﬁl?ﬁ r%rgg#aﬁ%cd%ﬁgﬁs}%sg{eeﬁﬁ %%%?o%é&?%?%%a%hrgé%ﬁénical
analysis bpthéhechattigsar dfatiessrcfion®tosing thoisedausing2hé thrededimeahsimsalondaotettof the bell
mouth 4,4 | n chor the computer; a determination s Step 5) for
checking v@%gﬁgr%t%g{?esu tsQ é)éfjsf g ?i%c %ﬁ%ﬁ?ﬁ%ﬁ%i@gﬁgﬁ6’%%’&%%?%&’&” Sﬁﬁtg?éﬁtgnd a shape
modificafite ey ¢Seapceiifohahodifpiertiehe thheddirepsioiainh tuchaidhepbeiomofithetelh the

o chBndne AR Alibe deRIB AL MRCIANIER L AAAE BV IRIFINABE SonpR ol fiael Mouh 4
is decided while repeating the mechanical analysis'step (Step 4) and the shape modification step
(Step 6) s[p0asg|abene ipfitibe shelpe SetlinyesmpriStepstinthe dnitiad shapgedhdtowitichecdnsetinele-

s0 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 G2 of the outside diameter R2 do not match each other, as shown in FIG. 2(A).

Naturally, the center O] 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.

[0018] 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

A



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 4 js FRADeS-QRAE RIMEILENG R TIehANSS RIS 2 AR CANAsS2NChPNR 8L ihg ghain

connected to the anchor 3. The bell mouth 4 must contact these components smoothly, and must

accommadaie AR HEEhE 3R a bt Beind. hrouersarinbeie thapoaltethedmidaetrapebf a bell

mouth, whereindfhise extsmalapnsaiankes el shiakepad (3 irdhaexeial aapearance
of a bell mouth which has unde[tﬂ%ne preliminary shape modification. [0016]In FIG. 2, Rl is the inside

diameter{rafiti<f Bt thecHafisholitls ahiws raeddicrisrialdherione-dingnsynahmeded mwey height. First, the
inside dignaatgeiioafheheimauta isissbiam she diametertadivis of diametar). of fhebawse pipe

2. Specifically, the inside diameter RI of the bell mouth 4 is set to be the same size as the radius of the
hawse piBECP P Bt SAGBRIG SorRrecrThamMSIRY poitiarcst five hlbwse biser andltpiel Hollow
portion of:the-belmouthadnd bR @utsidediaraater R3andiheneightthaidne hell mauth 4 are set

based on the size and shape of the anchor 3. For example, assuming a state in which the anchor 3 is

stored sEHYAG 48 LB ct tRRIGHEN st daee Bt sleecai shvslerrres-afdrerdgmt H of the bell mouth 4
are set basathordhe size Ahihesrrcaienclased:iy e pawse PiRR-2.daRehab s andsshelplating 1.

Therefore, there are settings in which the center 01 of the inside diameter RI and the center 02 of the
outside dTIHEEHR MOHOY HitEr shercsises: Hatdnm maniarlsiotimakiaiy deéceenter 01 and the
center 02 may also be set to match each other. The initial shape of the bell mouth 4 is set so as to
form a h&lol? kylindes adso ghesvblér i@ d2ndor sncaipiély 081 Ftarther ifpreeidimpasitthal model

creation gtep . ree-di ' del of the bell mouth 4, the hawse pipe 2, and the
anonor S e R Phe R O e S A i COnACE SN GG e e Borween
the bell mébthtdeand heusindhdil8: cais beiexpsbssatzdheasdmpuier Hiapeeatidiienthmestaimensional

model of these gompanents,Jhelh QF'\QH&% I aslhm ﬁl maxlbe created with. commercially available
computer software. [0018]In the pre(?irﬁinary Eﬁg%{é\ m%‘ggiclaet%ln ls(fgi)n(gtéopr%\ég/,s ig ?‘ﬁ’é&% hape of the
bell mouth@¥forira dglinme bl leaviogl imtlicadshapeiisineugsiymotifiditasing thesthree-gifikhsional
mode! craalpchiD fas MussdRBRIRARINOUR SIRANAN SERIRISRAYES IR e Ut
peripheral shape of the three-dimensional model of the bell mouth i&

pulled by a chain passing through the hawse pipe 2 thereby being stored 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), CI 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 bel]
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

in which the internal and external forces of the mechanical model 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 moggelaRRiAioGues SEemputabiuh tisiolso passibleiomeeshaARUS devies vhrpticdevice is
a tool for substjtuting and artificially expressing as data the tactile, force, or other haptic information
obtained HeW P hAR CoMELE ShBbRBCIElRS JEsEd R RidEenTg vk dinear
six-degreastofiirerdamemanipalatans a0d @grvaraupdereas Rutithe shape:f Bfain point
three-dimensional model can be most easily modified using a six-degrees-of-freedom manipulator-type
haptic dé@i@@%%l@ff?@@% PUOSEIHTERE TSR hitores @E@Eif@é‘ﬁ%‘%ﬂ‘%%ﬂbﬁé’ﬁéﬁ shape of the

three-dimangienabnindel-ohihe-allsnentbr4hesing ihe daras-gimensional-nenslefthe.anaher 3 and
the bell moyth 4. If)rlﬁ 3 is a view showing the preliminary shape modification step using a
three-dim&HSiiTaI thBaaT ohetas RSO Ha is4ARRYFH o Lo Aacsaisal MOt sHAlS the bell mouth

having uderganalpreliRlinashshape thegifivatiofe s ShawRdp & Gecldnr) therbethmauhedss
connected tq.the outer end of the hawse pipe 2. The anchor 3 is pulled by a chain passing through the
hawse pipé %‘W\%’V&éﬂ%%ﬁﬁ%t%ﬁﬂ?@oﬁ?ggf%iﬂ?ﬁé‘t@é‘rl?ﬁ A< ¥MBSanchor 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), Cl1to C3
show thd @&Hthct d@rthﬂ@%‘é@h@ﬂimSﬁﬁ@?tﬁéﬂ@mﬂmﬂhﬂ?@ﬁ@ﬁ_@m@@ﬂmr%mqld that the contact
portions &xdnrd faye RERIGLterAVaL AR e caniadparipn e Ll (iag Aymaasignal model

of the bell mouth 4 can be modified in the steps up to this point without performinga mec cal

analysis 2p& SRAPE el &t anrdgrélimingpyoshipe mistiicativoinsiephatierectméadinsensional model
is used %%'BjQ&m@%@éﬁaﬂf&@%@l&@iéh%H@&é&ﬁ&m\é@i&ﬁhi?sﬁ'&!%'&%‘%@%ﬁ Lanawsiz ﬁ%er@tep 4),

using the initial shape of the bell mouth 4 or the three-diménsional model after the preliminary shape

modificatidiostefP8HBIAS VG I ZpA yrrog 2bingHbawerdianieal anmdlpéidsrepStés ayiamietisshavior of
the anchor gapgiihebalbmuity 4 is %@@%&%&é%&%&{%%mﬁam@?mpa%owe

mechanical analysis can be carried out using commercially available software, such as "ADAMS"
produced WS IIBETS ShTERS (Eribh "R D2 Shgrtdiice)y Siene tdtpENhSeftitarao®lch mechanical
analysis software enables, for example, initial state analysis (analysis of whether there are
inconsistéfizids in #ie.maslehdédhehimitind stateltstefiaafuilibalmadyaly sibdanalysiddn aistate in which
the intergaflz %pe%v e riréaal g%[c%seof hel%echanic%lhmod%l at (acts:ertain time are in ﬁg ilibrium);
quasi-static equilibritit Bhaty S Yt BE DI ARl G dh 8k Sorah e TAT R4 certain
portion chthenslirctune(hystephvaiied iflimeihtervalsidinean acatysistcharadierdstic walue analysis
(analysis for specifyi nd linearizing at.a certain point in time the. mechanical model expressed by a
non-Iinef?l?(ff)l(r}rlgﬁ’l31}%;é I%%ig rrﬁg%hé%gﬁ/&;?ge(tg%gﬁ%% n&ﬁﬁégrﬁ%%%ﬁc% ' C;{fll 8%%?%%@ m 5%%#@8 model
when themtiechbaiealshwodeihBEiné. degree of freedom); and dynamic analysis (analysis of the
mechanical motion of the mechanical model when the mechanical model has a degree of freedom).

The anajysissiesultg@re slisplayad tngiaphsndata ploks epattss apimatinmhiand.eiherforms. [0021]in
the mecgzasgil%g!ec? ?1?%%%3%?)% (%’%e. 541§ gh\%e%(v)rs]h(i)t\i}\?igé) Il;[p ?elaa?i%rgg}gi}% &t%veen 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 1s not provided with a mounting base. The anchor 3

has flukes 3a and a shank 3b, as shown in FIG. 5(A). In FIG 35, the distal end of the shank 3b

is 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 pulled

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 ultimately oriented downward due to the



anchored state, the condition of the anchor 3 being housed while the chain is being wound up, and the
condition of the. anchor 3 in a stored state after the chain has been wound up are subjected to
mechanical analysis. The mechanical analysis is preferably carried out under various conditions while
joint speed during the mechanical analysis is varied, the orientation of the flukes of the anchor 3 is

reversed:frantiand bagkaandithesanditions.efitheraull aahan.ard sisihaleg théesghmivarying the

direction ofrgéravity and tilting the entire model). [0022]FIG. 4 is a view showing the state of mechanical
analysis SWHBfeiFERpi e ehaine foevibane @)ths shatle elliaronistintioa st SresadverRdt ) is a side

view fromtheframt ahtheaneanianddR) iscamian vievsnhe meshanicalipnalysisis.cartied out by
dividing the anchor 3, the bell mouth 4, and the like into meshed elements using the finite element

method ok the BRIS&EhSiGshar @D i Tortba pitis! mindhsharse aptareanihihg sudianendsults of the

mechanigghanalysis displapardnanimatione G Bis.aNewnshiewingdhedslationshiphetween the
anchor and the bell mouth when the anchor is being housed, wherein (A) to (.I) show the chronological

order. THEBellFhouth 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 mounting base. The anchor 3 has flukes 3a
and a shik4Bb, as'Ehowis arviRiG sIBEAIngr iRl Gl 8| ahshiistetverd tfctheckhankd3bdsistibplatingm the
state of ing.i e 4.1Q } ior{o.t chor 3 being,completely stored. When the
chain pa%%%%r%%ﬁ%ﬁi%&%%%%e&i&J#g%v%gépézj%) "sgg]al\i\é ?ncv%ﬁlor%gl'%cs gﬁ%@b of the anchor 3
arrives aatbleobélinhoushdyas sHoware FIGIERY. FHd Shank3bns it edpietotimedriterior of the hawse

pipe 2 whj I{%?Ek%rll)gh%\ %%%ﬁgh%'@&%c?@zﬁ@%%ﬁ g%q%\g P%ﬁji%gég"gl%be” mouth 4, as shown in

FIGS. 5(B) to t this point, the anchor 3 Is rotated sothat a are ultimately oriented
downwargduz to the cogditions, such as([%?eir weight, the reaction force from the bell mouth 4 acting

on the shatic3b, tHB EhEFTBIREBRATR, (HEPsha s SFIHES MRk BECIARIGHRRtsR 9F e anchor 3 at

the start pfeviddingisipridiachiainm-dleidctbe fuker3meppiashihecheltmonth basirhewria FIG. 5(1). In
this state, ége shank 3b is further uged into the hawse pipe 2 and the surface on the opposite side of

the flukeB" 5 15T I ISP Uit SHBI G S h ERRTHE B WSt AR SHERASHAATE M8 fSeRMIFIG. 6 is a
view showingdthieatelationshipthetwéendi@ anchor and the shell plating when the anchor is being
housed, wherei (iAgeto J).shqw the chronological_order. Th%ﬁ? or3 is_hoLﬁsed &mder the same

* K

conditions as FIG:. ARS8 BEHBIHE S deteiRiRY! SIEE WneRBRSNOIRERLE The shell
plating Liinltbppetodiess {00266 stheldgtermination step (Step 5), the results of the mechanical

analysis of the (a) the direction of the anchor 3 in a stored state is constant;
{b) the anchor 3 does not contact the shell plating 1 when the anchor 3 is being
housed;

(¢} 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 (c) are satisfied even when the direction of rotation has changed
due to the direction i 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



three-dimensional model are checked whether they satisfy predetermined conditions. The
predetermined conditions can be set depending on, for example, whether a mounting base is provided
at the base of the bell mouth 4. |. The case in which a mounting base is not provided (the case in
which the anchor 3 is dropped directly into the shell plating 1) (a) the direction of the anchor 3 in a

stored state i qapsiatiions (1) 12 ARENGY 3i00&S ACL FORRELINE: R, Plaling - bep e anchor 3 i

being housed; (c) the anchor 3 contacts at five points (three-point contact with the ﬁfmouth and
two-pointeddBe WitRct dAayrhtthe ks el shtcrriheis inesiestoten drsite vdiva the agdjreonditions
(a) to (c)prematistisdsgyen 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 mountifgbases ¥ provisendEhenimbenalwichp doradioes (8D cbatdetiteosiiall plating 1
when the,anagniseingsinied\End) (3 fhe dieetion et hiedohar funasipred State s fepstant

(b) the anchor 3 and the mounting base do not contact the shell plating hen the anchor 3 is being
housed:; “Ond{igHnE BN BRI RIS tHe Baanbuth wotifsatsvistenitien the Ahesror is in a stored

state; angbterminations may be configured to be automatically made from the results of the
mechanical analysis by the computer, or 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) is 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.

[0027]  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 3) 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 I 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



(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.
If the results of the mechanical analysis satisfy these conditions (Y), the design of the belt mouth 4 is
completed (End). If the results of the mechanical analysis do not satisfy these conditions (N), the

process pregeais:iotheshane.nadificalion sian (ter-AleLngsp dRiGIMInalans fayhe configured to

be automatically made from the results of the mechanical analysis by the computer, or may be visually

made frofiMfRsEmalyERAF st B vl D drErs! fdozdpatther detarmirtionatien ¢Step 5),
conditiong gffie:chainiGenneqiedimithg anchasFiothesthan the behaviorof theancher 3,can be

added. Examples of such chain conditions include whether the movement of the chain is smooth;
whether HaPeraf{pisades sighgPiEReMterline; 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 [tH&2 gl atiovisklpubetivesytiie ishainrandrthe delivinautheshare the dhichosds beihg tholused,

wherein (A) is g front view,and an enlarged view of the hell mouth, and (B) is a front.view and side
view of t@gﬂ}g he ?/j‘lle\?v% sraﬁz)e\:/vnr%ei% El%g a?(e}&sésn%ﬁé?(g}eé?eﬁol%ﬁu rllv%fsles E&Rﬁ r{aotéfgl%ar%%is results
of the metshnaifical @ratysipcstep (Bt pElBteTi(A)dd cnaililyfor checkiigdhie telationshiptisiween the
chain 5 4, and FIG. 7(B) is mainly for checkin relationghip,between the chains
and the %%%|K§S$i§éj Wg%%ﬁlﬁ Yﬁeews%é)ﬁé i |§§t%§ﬁlg?ébo?§l§é%%é§ﬁ ewgﬁ%p%%fg}%ﬁ%e ° tﬂe
three-dirhehhsiongi hasdekrofié sl wiouting 45 medifibdnohgnithelcbaditioksgohtherdaténmination step
(Step 5) isfi t ifications.in the sha dification step (Step 6)
include r%%%%ﬁ%ﬁ%ﬁ[%%%%%@ E§o Ph%"?%';gﬁ%é%l?%@i g”gﬁﬁ?&%g %)(;%?é%te%oiﬁt@ e %e%ar? the anchor
3 and thetsétkimeigth(StemddHicationtbt thergifferéiicetbetwepr Stdoweshpbitt &1).atighest pbint of the
height H.p just.t ing width of the anchar 3 and the distance.. een the
anchor afné{tpﬁ?e1 Z%%ﬁ%&?r‘é%&n@%dﬁcﬁ%r?]\%ﬁ%esﬁé% TH of the éi([al%nigﬁ Sﬁrgeg?hg{l%g&agjgchor 3
(flukes 3&Xoontdetsstighishdiigptating drduddg stdradeighthé tadelbithethd bmbudiedfadthout/a

mountingh%g%gﬂggiﬁ%_tg%\%ggg:f@ig )I—fsqhﬂﬁapgll (rl;jcn?euthA 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;

modificati the curved shape of the hell mouth 4 sq that the rotational direction of the anchor 3 is
stable; a Mﬁdifi&‘tf@ﬁd&ﬁﬁg ﬁ?i&fﬁ%%ﬁ%@ﬁm@ﬁé’ﬁg YA Bele3rBbrA abeyarhe the anchor 3

does nostgriacttedeshelplatngilawben thehansherdsbangheasadi hiese shapgmodifications of
the three-d'mengional model ma;@ae m%de by g,%%a input from a keyboard or by mouse operation on a
dud v

compute? DY it RPHINL S SE BRI R Rt O&-iREke SAHECRTaT LT B9k relimfthary shape
modificatinddtem(Sten 3)nf0OR81Y eebianidal @nalysisiisegain garded autwhenihe shared.
mOdIflcaﬂ%i}rsegfcﬁ?ger?glclmal model of a bell mouth 4 can furthermore be accumulated as electronic
data {0 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 9is 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
input 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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mouth 4 have ended. The mechanical analysis step (Step 4) through the shape mddification step (Step
6) are repeated until the predetermined conditions are satisfied in the determination step (Step 5). 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) S_h_OW_1%.61“5@%6&9&{&%%&&@&'{8%%éfé%dﬁ%‘%&ﬂ@é‘%ﬂ@&?&ﬁ%;E‘i%‘gﬁéﬁ%&&hmu@h the shape
modification step (Step 6). In FIG. 8(B.gf,¢the shape of the bell mouth 4 is modified so as to have a
smoothe F¥RBHECefcdetinéd siigabe Ik rresregcied (B éigheadustamentsceimbdies o the height of
the bel raihdhan ailes RUGIR ) SRS SHEFR (0RLSRNMIAGIG: AT e pimejely determined

[0029]According to the method for designing the bell mouth 4 described above, the shape of the bell
mouth 4 Stithbldser AlEMipigfse Bhobectrshlisdinessing dacicetnd pmes: withouekepending on specific

craftsmero HRG{QiR PR GHErlucamlo6ale: marel orAwag marel s 10Raas eesasyy. desion

time can be shortened and design costs can be réduced. A three-dimensional mo a bell mouth 4

can furthBFRTSEE s des Fhaitsanss (ersepsaeiarks by vssdah R AREign I60B Afttird Belintouth 4,

enabling gheigiesign abadsl-mauth.ddede 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 i tion. The system shown in FIG. 9 is an example.of the implemengation of the bell mouth
design njy[fjgti des?ér%gy };%%]\%? B %ﬁqﬁn%e&%i rF?i 9516%0%53%%{ ?nggo f%ﬁ%%%‘ﬁ%ﬂgv@r}sin the
diagram.sthetpitdsend systermbhpsyacandplitehigecoithettedstopiphapticideviee 11;1agshouen in FIG. 9.
The com s aC entral processing unit), a RAM, a ROM, a hard disk or other storage
device, a%@%%ér%%%&%%n%ﬂ Fetids BTG & ot ac‘t))re aér%%heeF%blt{I%ﬁ% GEa ay sotihre for
carrying outhththreredhaeicalrauh atysisl, analisoftiearéSapthe dikbréerdiroeassing theldhoéehdighensional

model u -fhg‘ﬁ hﬁgki device 11 are stored and sayed in the storage device; and. is copfigured so that
a predetzgrmlln%%’prog%ﬁ%ﬁgcg’xaé%cﬁ%ﬁb%%eegﬁ]ﬂ? (})ﬁlc%lr?f St eﬁ?é’&%%ﬁﬁ%@‘d%@%h&ﬂi‘% analysis and
modify tHedhaperpfstrodtmeditimersmeml $hgds), byeinputfsdmpthel apbid devige 4 1dmbdgieamputer
12 is conpected to a telecommunicatiqn circuit 14 to which other computers, servers 13, and the like
are connecté(% 'I{'%%e (t)eefei:o nlrﬁcu'él?g%ﬁlo%iéi%ﬁl ¢ efsugjgfs %Iﬁﬁédﬁ TPetwor I%%{t%lﬁ?ggﬁﬁéeé{ing various
communid&tiotines: (eleishommlinesp ISPNblinesindSordalespdeldsotheppabliodings; and dedicated

fines, and. wi ication. netwarks) to each ot ing TCP/IP_ communication protocol, and
e T e R MR SRR ol o
like, andhothe shenworiidbabe lotmath AR, e ih e dnitidhshaply settinglstep{StelpeEhothé, initial

shape of] ipggmgqtﬂ griﬁ%%%gg%%&%wcgn the ship 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
diagram ext,.in the three-dimensional model creation step (Step 2), a three-dimensional model
of the shiqu ting \i{]hﬁ’é%esg?ﬁg Q%éﬁ&%oﬁwﬁ’@ﬁ PﬁSﬁﬂﬁlW’?@ﬂé‘}@gféﬂr@ﬂf’ﬁ% <BrHishter 12. In the
preliminaigt:shapedadlifivalicspsiem(SiepSihipe intial shape ofithe oeN oyt ispedified using a

keyboard, haptic device 11, or another inpyt device. In the mechanical analysis step (Step 4). a
mechani®alAiglysis of tE AL %%}@lgﬁ%ﬁarﬂg%’l 1?&%5%?8%%&%}5%&%&%%3?%@& is software

stored inithelipmputardidelshtpe shapshmedifisationsiepdsien, Ghdhrshanenithehalimnauth 4 is
modified. btase ?n the %ﬁlﬁ/sis resultw‘sﬁi[qé;%a%z%b?ﬂrd haptic device 11, or another input device.
[0032]WHENTHEBRE e Bt RS Bab & FRBRTIRARSIER dbbet At Bibek dnyghereby

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
easily 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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data (e.g., CAD data) representing the 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 areygonygsteehpip.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.

Therefor jore gnhanced database.of the bell mouth 4 allgws the jnitial sh the bell mouth 4
to be mofg(% er%g‘ﬁ)orrokiﬁﬁgf{eaél %%ﬁzf%ﬁﬁrﬁseesl}{ghmé 1ape. thessat %%ﬁﬂ%%ﬂﬁ%ﬁ 81 An4iYsis step
(Step 4) sndving shapermpbddicht balbtepuiBiépigh tndbkokdiitedyandhthevshape, ofibeibel mouth 4 to

be determined.easily and rapidly. The three-dimensional model creation ste .2) through the
shape m%111 i |€aatﬁg§i%te§|loe(a§t%%) %g{aéane Iﬁlgrlﬁgi?t(!leasasﬁ %%Hslﬁ%ﬁg t%%%éﬁ%%ﬁégj tai’be determined
for a shiptavirlg théhsamecoaditiohs:siNoKitig exanmpld{@3RAnyerkingtexample of the present
invention is described below. FIG. 10 is a view showing an example of the bell mouth design method
of the pr@@@mﬁnvemmumﬁg@ﬁléeaﬁigae@;ﬁg%@ﬁer the anchor has been housed as seen from the
ship stern side and (B).is an example of the computational results of the reaction force during contact.
[0034](1) Outlin¥eshmeichbaiehisinalgsis\E (covgntaraskidaalysistiaog ©AEcormputenaided
engineerng)dogh{oh GARUINAMAUEMENLN Ate, domalndn, 3 MagNing sys'ei composed of a
plurality of components. Such aaioot ordina;ﬁy tsrslgts alﬁ%ﬁﬁségr%eﬁﬁ%aﬁafig%?&o%l %ut
consideratioh Fépelafshmeioni wefink sthwonethanivgidrin dirsed hetweersifratomponents constituting
an assembiy-myichrasiars moadalgeranding.on dearess Al tssdom Al s sampgnents. and

computes reaction forces and other dynamics in operation between the componentsg. ih other words,

mechanigsicandly sienedfeny 165 rmotivie lsiensdios, dntéstesenct fegrslokingf diod compettiomadf dynamics.
X MotiofIuIARRGReEHING's dAugRELIRLING DRerhaneRt anabisle ol [k Daslon used i
the working example, and it is possible to perform kinematics and dynamics motion analysis related to
a rigid mwﬁédyl%whﬁw%ﬁée&f@im)mmﬂR@wﬂtmenswﬁ@cumivéqﬁéngodﬁdwhich is a method
for expregsingAdBRANAN SAHAION Yeing raiative casklinates RpweaD Muftaly linked and adjacent
objects, and reducing the” number of coordinates to increase computing efficiency. For example, a
mechanit 3psyRisvertdd P asenonsddofanvandnscanadham dayiinss dhle dodedifitions link
definiion ik Jeikon s bssceimensionak epaiast deliiian Bheclisall 4 lallefniion: to
define individually each |nk” in the model used in the mechanical analysis; (2) joint definition: to define
non-moVEREREERd rBesnrdkaing esHts e hedembink innmedpthfeccdissrispaaledmact
definitons g8l gRel ARG arels oIS RORIAR! SRR B desiad Meghanical analysis
is carried out when these definitions have been completed. [0035](2) Results of mechanical analysis
reducing the number of coordinates to increase computing efficiency. For example, a

mechanical analysis related to the housing of an anchor and chain requires three definitions:
link definition, joint definition, and three-dimensional contact definition. Specifically, (1)
link definition: to define individually each link in the model used in the mechanical analysis;
(2) joint definition: to define non-movement, and rotation, sliding, and other movements; and
(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 determined, and the sliding
speed 1s 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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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 deteimine the movement distance. When the distal end
of the chain moves, the trailing anchor and chain contact thereby being pulled because a

three-dimansipaal contagtisielinadias faaanehar, andehainAstualRulingbas fyopatierns, i.e., a

pattern for when the flukes of the anchor are facing the ship hull and a pattern for when the flukes are

facing outirdAG s iiR RHATRIRarean doth e s dwseinge SeaiweRBtaRthoMhncebsritiaily contact
the ship bowsideofifbedbelmaish andareviinateaesureshiacingdhe @Jaiaqffs%w@&e Ruring the
e

interval, the anchor rubs against the upper portion and ship bow side of the bell mouth and rotates.

When th& 65 RopHhard Atthe sl nacart facane, ie BiRchemriie aguig the iIwarbdiion to the
ship sterarsigte efithedismasithpangisisacHeshin thesadee PORItRN Whle.rotativgde the gaposite

direction. A mechanical analysis is carried out for these two patterns. As a result of checking the

operatiorin LeHtde RS E R AR Ui e stsivhe ¢ 7 Bpr SHbASALISS AR AN ERE S operation
as the mogeliesitbisingia seducedrsealenmedeak &G rdOiAhis avies soving:i POHiar of the

mechanical analysis results and shofvr\és the state after the anchor has been housed as seen from the

ship sterfPEIoREIGEHE61%) DelRrRAHUATRB IR R SPerRdst for (N WePabratidhs origRe aAthor being

housed hasdrggnibecperaiui)idapresiigad-asianasul Df thednpshanica analigise the shape of the bell
mouth Witquhich éhe condition of the anchor being housed has been successfully reproduced is its

final shaPe S HAY L THARE ARRTBAOBrAREE MPS 1% FidvaFARcHbRIMestREhnd el Bohtition of the

anchor beifgvhelsethareppsatishoctany nasBhew ihdGs 1A Hwavers when@xgassiye force acts on
the ship hu%horﬁé? r de ectsﬁé)ccur in the storeéijf_state and midway anchor-lift state, the

three-dirffeH&10 SHS B BRSO R SVBS B AHED and the mechanical analysis performed

again. FIG. 10(B) shows an example of the result of computing reaction forces during contact. In FIG.
10(B), thd¥&ffical B rsprateienné thsattdsense (N) between members at the contact portions, and

the horizontal ayis represents. the sage, of time (seconds) of the anchor.and chain being pulled in.
FI (black diamgﬁeghoﬁvgo eltlr(é%ﬁ%ne%%%lé%%’ﬁ%% mﬁ%@ﬁ%so %eé]cig'ci%eésg}%]ﬁI?egﬁ%dﬂ?éda?‘?c%or main
bhody. ahrmtsl%iﬁ (m?kgmésenimm@teﬂmm@gfaeﬂﬁeahﬁpa dorbe bifjlthﬂqm' 'iilt\ihatv@l&?]heﬁé&bhlﬁiﬁﬁﬁhiﬂtﬁgkes an()j
the anchgr main body. A considerable cha appeared from the area (the R portion in the diagram) in
which thé &nc %?18 rﬁ%%sf%%)g Sgbggﬂ Mou %Sr,}g@ysﬁeg\?\%{ iin @}%3&%@%@%&@@@%3 the reaction force
generatedbitweer the dhukes iandithbranchohordift badyawhér thenditke pdrtiomengages the bell

mouth ag the anchor main body is being hops n this manner, modification of the three-dimensional
model o?‘ é‘nues ge?ll?nsgb%n}%aﬁo@m%cﬁfgr\ﬁ%a%gggyigéA 'e%gggféd%}hetﬂ ?ﬁéers&lﬂ:eti%)ﬁcf%%gsogr@%o longer
generatetiprhuhtivtinehre sefionsforcesinchestatel elah atd oesi way eadiserdifirablent;avhee-that

excessivg reaction f idway through_the hausing of the anchor. For example, modification
and mecﬁé%%%#%%%%éﬁaﬁﬁh@;ﬁer\qéé%?i}#%ln&sn%r?ael %%(?é % ﬂ%{et%e Riouth aré S%(Jejquired to be
repeatedesdonedamzainanigélid @B isbdevelrod:theprotiiting ot idnsropiianEaavaboutsl0 seconds

o s s IS A e st e mE g pred o e
the scopaanbespiitinf thetprepentomyentiche horizontal axis represents the passage of time

(seconds) of the anchor and chain being pulled in. 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
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BRIEF DESCRIPTION OF DRAWINGS [0038]FIG. | 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 is a view

showing thenpreliminannshianasaedificati Qﬂdmya{wxaaﬁmﬁﬁﬁm@%m@hm%lo% SiBiI(A) shows

the anchor storage state and (B) shows the bell mouth which has undergone preliminary shape

modificafibife belEnee it NRWSHERIHG e Shatsedrmbesichingmniy s thorerslr {A)ds a bird's-eye
view, (Bgsasife yemdramithe sean of thp @anahledfdsis e pife yigwrermpthefantef thepchor, and

(D) is a plan view; F1G. 5 is a view showing the relationship between the anchor and the bell
mouth whEh®Phnchor is 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, ifAerein (AftoptIpeton thechronoeldgicaldo@tr embBiEndhis devielveshdwing diwe relationship
between i ] | en the anchor.is being housed, wherein is.a front view
and an eﬁ%\f?gleg \?)léﬁvq\]/ig oalt"!?tﬁnepggél\m%g}tﬂ\g% ﬁ% ‘fvs&g %rﬁ]? ?’é'tv@ r?r Side viev %?lt]é%)%]ﬁ]ip?jr FIG. 8 is
a view shiswirggarthreentimensional model in which the shape of the hell 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 Ito 5 times the mechanical analysis step (Step 4) through the shape
modification step (Step 6); BRIEF DESCRIPTION OF DRAWINGS

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

FIG. 2 1s 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;

F1G. 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-eye
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 15 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 sheli plating
when the anchor is being housed, wherein (A) to (J) show the chronological order;

FIG. 7 1s 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 (I) show the results of repeating 1 to 5 times the mechanical

analysis step (Step 4) through the shape modification step (Step 6);
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FIG. 9 is a system configuration diagram for processing the bell mouth design method according to the
present invention; and FIG. 10 is a view showing an example of the bell mouth design method of
the present invention, wherein (A) is the state after the anchor has been housed as seen from the ship
stern side and (B) is an example of the computational results of the reaction force during contact.

CLAIMS 1. A methadfor Jesisniogrbelimeuilimashin flaxingaauasRins iamsdingshel

plating of the ship, an anchor arranged so as to be raised and lowered by a chain passing through the
hawse pifsCLHALBEIFREITR ST RSN outer end of the hawse pipe, the method for designing a

bell mouth compyising:is a vawniiahslianesatipg stemdoastinganinitiahshape,ptibeRelmouth

depending on a type of ,sh‘i%,[}and a shape of the hawse pipe and the anchor; a three-dimensional

model crilfBH tephorcrdany hasiue dirdheimrionbudisrtheused # sten, fraRhsviiinipe, and the

anchor ogie:CcamPILEB) is aneeshanical mpalysis siapdar-earfersring aReshanicalanalysis of the
condition of the anchor being housed using the three-dimensional model of the bell mouth, the hawse

pipe, andth&%nchor on the computer:
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a determination step for checking whether 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 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 accordingAgngkaim 1, characterized in comprising a preliminary
shape modification step for modifying an outer peripheral shape of the three-dimensional model of the
bell mouth <o &5 {0 be ipfataple when, s anchor contacts fne nifal shape of the tiell mauth, after the
three-dimensional creation s ep‘.’ng.gl‘%eebe mouth desi%n method acc o‘?ng({% M racterized
in that apiatiepnal iashgterofthkoniticdrskdpe of thédbelsbatl [ssetHdseddnia giasiater of the
hawse pipe.in initial shape setti tep_ 4. The bell mouth desi had according, to claim 1,
charactg%% 0#lhtt eal%agwsee fé)?hg d%n%gtg}% élré?aagﬁ% {orthe ]iln?{ig?‘ réi%ﬁj%eo he B mdtith is set
based omatkizbiof dewigthiesshapl whotkib exrohosiinzthe initial shape setting step. 5. The bell mouth

design method according to claim 1, characterized in that a profile of
g an m?nal shape set‘!ﬂqg step for setting an initial sh%pe 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;

a mechanical analysis step for performing a mechanical anatysis 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; 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 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, characterized in comprising a
preliminary shape modification step for modifying an outer peripheral shape of the three-
dimensional model of the bell mouth so as to be rotatable when the anchor contacts the initial

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

~

3. The bell mouth design method according to claim 1, characterized in that 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.

4. ‘The bell mouth design method according to claim 1, characierized in that 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.

5. The bell mouth design method according to claim 1, characterized in that a profile of

the initial shape of the bell mouth is set in the initial shape setting step using a database in
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the initial shape of the bell mouth is set in the initial shape setting step using a database in which bell
mouth shapes of existing ships have been converted into CAD data and stored with their associated
ship-type information. 6. The bell mouth design method according to claim 1, characterized in that a
mechanical analysis is performed for the condition of the anchor in a stored or anchored state in

addiion (o Ganditiom hiheANANOLRR G RONRRHEING MEANANIRI AP sitPuofed he DE]

mouth design method according to claim1 or 2, characterized in that the three-dimensional model of
the bell mdlthiasditietdshipehamipiderdtiche shape modification step or the preliminary shape
modification step using a haptic device. 8. The bell mouth design method according to claim 1,

characte6ized irTthsibéhenpiet eieiminesieangditonsp thel determinationarstepia@dhat a direction of the
anchor in a stored state is constant; that the anchqr does not coptact the shell plating when the anchor
Bt PGSl S B AU

is being MSGEBRARPARAY trs B ENEIS HRBEPA B BOTHEWHER AR e R is in a

stored statedd®tidhe hiedl sonditivdesigr methedasgdidingdtoalaimdcieharaciesized icihat a height of
the bell mouth to adjust contact points between the anchor and the bell mouth in the shape

modificatjon stepy. 1y Theubelenth desion meilind aerarming,to Crimd charactarzed.in that a

difference between a Iowest;omt and a highest point of a height of the bell mouth is modified to adjust

/ . : . 9
a swing Withtr&res aahsrodabiod U biicanetve sipthiedrohBreavameesiehsishi#ig in the shape

modificaligiyFteRion step or the preliminary shape modification step using a haptic device,

8. The bell mouth design method according to claim 1, characterized in that 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.

9. The bell mouth design method according to claim 1, characterized in that a height of
the bell mouth to adjust contact points between the anchor and the bell mouth in the shape

modification step,

10. The beli mouth design method according to claim 1, characterized in that 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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