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 81 desldgradessmugtratetordmando 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.

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;



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) Cegyyingingh aumesat iestdliftanahortpstiandiothesdastsousiagiieseduged-scale

model, 4) Confirmi }Eﬁ{? hayior c%glthe chajn. during anchor lift and the condition of the anchor
being houst‘égg' 5%?(%%3?@%9\:/\1 ef %F %ﬁu{ "Bl iotit séﬁﬂ%ﬁ%%%ﬂ?gﬁgfg’t’ﬁﬁﬁ PelARBAYeen  (5) Repeating
the moldingbémuoehede! testing of the reduced-scale model depending on the study results; (6)

o ool PadRL e e edused:Scala MOPLIARI ISR AA0R and e on

CAD data after a shape satisfying the predetermined functions has been obtained; an
Fabricatingattahdbmevib it Wsoderistrd toirgriested|(duth)ctesetrsrabryshape of the bell mouth

has been designed using the steps (1) to (6) described above.
[0004]  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
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



[0004]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

determineﬂld&medtﬁm&erﬁ@mﬁr@@@@»@aq&ﬁﬁt&ﬁ@m@faﬁw@&ﬁama&nﬁmerma&miﬁawmch the
reduced- scale mogdel is m %d aﬂ el ainﬂer in ﬁvhlc the.reduce scaée modelds molded based on
whet ]h q( esu SOkt el

the modelt&R¢ aﬁsoecci}élb1 n BOW- 8 he & srﬁréar% SEE pro iem‘in the handing down

of the sklllodnémortharwea:sémmndﬁemmmp Gfrtime dafafitgrtrerihndthdsuehs skill. fEGOBIEMbDodiments of
the preserb‘aﬁ‘}éf‘o%%n"ﬁ% %o%ﬁéﬂ?e?%ﬂr{h\é'%X,\él?fomﬁe%‘al?ﬂé%‘?tﬁeeﬁ%@&%@céib&‘éﬁzsénuﬁ{&@%%e”t of the

present invention seeks to provide a bell mouth design method whereby a bell mouth shape suitable

for a ship #peecdisddbaigib & dasipuithibi faerBrditgensepidimnthatistivesns Bie66#to Problem

modification step.

[GOO8] A preliminary shape modification step for modifying the 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 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 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



[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 @B NTGIATBREPRAATRY SR HETEFPEBEERIpI2lABONR ShAeBPYR ARMREINHEIARA the
anchor; adbregrdimansignab medal reatiapstemier £reating adlsawimensicuahmedel of the bell

mouth, the hawse pipe, and the anchor on a computer; a mechanical analysis step for performing a

mechanlBaEHAGEISBY tHES EBhEmD AeBrins arrcherbdrsifn sosissusivgefecasedrsrensional model of

the bell mpitvidhel Rawss pinemanthitarnneRHABthBCRMBHIRK A delaRiNatian stepfaschecking
whether the results of the mechanical analysis satisfy predetermined conditions; and a shape

modificafBHSREY FPIGHIRANG Bdl tRPeR: diignsien Re iapisramicd Bencratithomthd konsputer on the
basis of ¢he @swiﬁgo@]@gemgﬁh@ﬂi@@g@mg{yﬁ%whg{gggygg@(@ﬁ@@ﬁtgﬂhe bell mouth is decided while

repeating the mechanical analysis step and the shape modification step. [0008]A preliminary shape
modification step for modifying the outer peripheral shape of the three-dimensional model of the bell

mouth so as to be rotatable whepitke RMpTOOSOGIRAESMIBIDIERIFSRaRE 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[diaeter Brthadhaighs of thepritiat sheariohthe heltmuthde salhrseR @A size of and the

shape o anchar, for example. In the ipitial shape setting step, a profile of the initial shape of the
bell mo&ﬁ%ag e8 ségt?ésiﬁbsétaﬁfﬁéffé@@ ?ﬂ%’ﬁhﬂ?ﬁ@ﬁ’?ﬁaﬁt shebhavstesstgariidhave been

converteddst@i£:AD tlateramadtstoraedivwith their associated ship-type information,. [0010]in the
mechanical analysis step, a mechanical analysis is performed for the

f0014]  Asshown in FIG. 1, the bell mouth design 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 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



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 stankdis codgtmstngratstiipsanchetl doggme besmtact dhadsteiip) atitad) lerteh, el atiehaizs being

housed:; I.CO ts the hell uth at theee points when the anchor js in a.stored
state, fo@ﬁﬁggmhgfé ngr%%gg %%%eﬂén%(%(ﬁﬁ c aeti% r?nsﬁ%e eg}ﬁ éia ﬁf‘%? %lél gé? arrﬁ%euf Onrf'il(;[a%/el:?fe1 ar%%%lllfi'ed to
adjust thbedortadthsdintbrhetiet s therngohon drdotiier vel] pfobithhane: theaddiifenrdncatetween a lowest

point anghayyiabesh ATl eNeIGS of the hellipauihna be Rdisd 10 adiust e, swing width of

the anchor an Istance between the anchor and shell plating. Advan ageouSeEffects of
Inventiopof00e2discordintyl Yoahd hast arvsathnaesigriimetiba ol the: prasestdrveiiio? described above,

a bell mayihahane.alable (ar.a shiptype can Bsdesigned eariaylihoutdepanding, oo gpecific
craftsmen By creating & three-dimensional model on a computer and perfonuing a mechanical analysis
to modifireheishbgiapsask(B revibcantisvmbapmdeiroe atvood modéh iwiioldagendegessary, design

time Cf:;b?é?ﬁﬁ‘iﬁ%@ﬂsﬂ%%@gﬁcgﬂﬂé can be reduced. Three-dimensional data of bell mouths can
cumulated an

furthermore be a used in the design of future bell mouths, a_nd a bell mouth design can
be mplaganied morc rapiqly and at lowercost by using (g pell mouth design mefhod of fhe present

diameter (radius), and H is the height. First, the inside diameter R1 of the bell mouth 4 is set

from the diameter (radius or diameter) of the hawse pipe 2. Specifically, the inside diameter

R1 of the bell mouth 4 is set to be the same size as the radius of the hawse pipe 2 in order to

smoothly connect the hollow portion of the hawse pipe 2 and the holiow portion of the bell

mouth 4. The outside diameter R2 and the height H of the bell mouth 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

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



[0013]Embodiments of the present invention are described below with reference to FIGS. 1 to 9. FIG. |
is a processing flowchart showing the bell mouth design method according to the present invention.
[0014]As shown in FIG. 1, the bell mouth design 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 3naridieded svtadtodetrhisedhandhoweted By athaintpassing dupughttedbihwsathipe 2, and a
bell mout outer, of th e pipg 2 method for designing.a bell mouth
comprioig o b i dea e e ST TR e 2
dependingdm thaodpléedfssHipt dnelthg shppreiof tHehawBerpipd: 2 antictheddncthorsBaded part
three-dimengi modelgreati - reating,a three-dimensional mode] of the bell
mouth 4, t?qg F?gkv‘%)e p%e 2, a'n:ﬂ[ﬁzﬁi éf%%%%%%%oﬁ%t%%ea@ fﬁe |r1nliqr11%nr§1/ S %%pee rrrrllegdltl)f‘fcation step
(Step 3)mod Hiowlifyirky tia e fariplhdrey shageofthecime epdimiensivnat onggetnbilidtbell mouth 4 so
as to be,fotatable when theanchor 3;contagts the LR'} I e:bell mouth 4- a. mechanical
analysisasteag Step 4 fgr pert rmineg la rhec%%)nl%gl an%l;l/%%at%&t%%}%gﬁs ftél%trlln&aﬁl‘léelaﬁﬁ? I(Saclrﬁ% being
housed ergpiing trdeladinddasidndomede] ahthddgsitimduthnachebainse pipar 2, lamahthe anchor 3 on
the computer: @ AelBmingtign;sieR (S1ep ), fon e C%f&gew ReLIng resylls of the mechanical
analysis satigfy predtjgtermin%él1 cqnd{geésis; ar{% g Eﬁh e MGE%cat%ﬁ sstgp%%é%ré) for modifying the
three-dimanisiolatitmeteé cdicheabeiniisuihes. bnitthe shinpotahoththe-biasis oo thbmedaltesaofihe

mechanieelanglyis.uereinin shenealibe ALy dis depdsd i epgqng e mechanica

analysis step (Stép 4) and the shape modification step (Step 6 |n|t|ai0§hape setting step
(Step 1) initia shape that will becomff three- dimgﬁngﬁi@}rfl | pattern of the bell mouth 4 is set. The
t

t .
initial shigélfgl selbctet SR LI BIL Y B B AR F PP PEHRRE ARHERSHE® and the
anchor 3:rEbelitypasafishipddeludaie tankersuand passeng airshipsnasivell asbines hHasedn
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ese ORIy sceonmode e el g sabe gl Hg 212
shape ahdh\(Bihistitié extetnal appermaate chadat: maldt ibichRapipaderganaprelimigary shape
modCA DR (s fn ol B RS eIt HaTPLoNe Se Mt Raushe outside

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



diameter (radius), and IT is the height. First, the inside diameter RI of the bell mouth 4 is set from the
diameter (radius or diameter) of the hawse 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 pipe 2 in order to smoothly connect the hollow
portion of the hawse pipe 2 and the hollow portion of the bell mouth 4. The outside diameter R2 and
the heigbauilibfitine )ballasiewrt degrel betivased vristtrasiz eqanidbstuaperafthie @nchbmduFaréxample,
assumi i Te . 3.1 [ as _not to tact the shell plating 1, the outside
diametgrﬂ%%%%?h%\gﬁﬁﬂ %Q%ﬁu%eﬂt%el rﬁgﬁtﬁtﬁu g%%%’? basec e(()iﬁl?%ﬁlems&lzlgt%%v FSe’’gélé%aelgenclosed by the
hawse pipa &isoikiror 8risinc it apiaing lanthereforeptelday eskitings imwhichctiraicgmiert 01 of the
inside digmetet:R1 and th ter;02 of ig§ diamets ) ot match each other, as shown in
FIG. 2(A). Naturally, Rwe cgﬁﬁggbg%le?%é% ﬁwgggggg tér rlr%%uafsgﬁbﬁeigséglt%err%%fgha%%gﬁwother. The initial
shape ofaidséllahtgtmachsisabmagan §6the mbditoicaytindet vdseshboun dnbaiB:aR pa)débhaxample.
[0017]Inthe threesdimensional madel creafion 359(5 (3 ,.a.threge-dimensional el of the bell
mouth 4, thee a_lwge%%lpe lzll?j;’;mé thgghchor 3%re rea%gg. %I}ﬁgeb%{ﬁé\l/%fcfaj‘t %ugﬁcn}grg% and the
contact gsslftives ardehwlike themernativelbatideiduthadlage ¢hd GrethonB dare beatyqpsessetd on a

comput%;g)gi%%,ggq@gq%%gﬁmeﬁ%i&n Q%h%g%{%%? &WT%%%%TSTM three-dimensional model

may be created with commercially available computer software. In the preliminary shape

modificati tep (Step 3). the initial shape of the bell mouth 4 formed in a hollow cylindrical shape is
roughlyﬁ%%ﬁied giﬁbe ﬁ?&%@@%ﬁﬁ §}8ﬁ%‘fﬂ’rﬁ%@@I4éré%?§8l?ﬁlfﬁglt?ﬁgée-ﬁﬁﬁ}é‘?@dﬂ£ model creation

step %Ste@caa;r%ofgteoeamel@ﬁagi@utﬁnpsm 5 e ?]Iaa@a@hﬁm@ Wﬁ@tﬁ%ﬁ@ﬁ%@fﬂ%d@k@?tﬁ@ Igellll
mouth 4 is, modified so as to be rotatable when the anchor 3 contacts the initial shape of the be
mouth 45,‘1515{2%89\5}#?1% .'%@T}C,&f’ﬂ%éfb%ﬁjiﬁr é%fﬁ@ﬁﬁ’éﬁ’ﬁl‘?&%@ﬁﬁ&?%’f‘fﬁ@“ﬁﬂr@’%?&ﬁnensional
model issubpdifiddsmibaithalanglesiporiemeliaibalbmouwh 4 ndicaibl kytheal shadadspart in FIG.
2(B) is rounded,. T%e.sha madification of the three-d'mensilona model ma@@%modificaﬁon by data
input froffl &' REYBBAIE B? %if?lgﬁé%]é %S%a%fgﬁlgﬁhﬁ &P BUEHSE MG oSt eI Y haptic
device. Afhiapflaldsvicenismdhor fors sebstitdtifignanddistificiabyt expresdingasodata pha tacklsy force, or

other haptic infollllation obtained when a human contacts an object. Haptic devices include pens,
Gloves, ATK AUCEC SRR A A SR FUArS ORI S SRR of the
three-dimensional model can be most easily modified using a six-degrees-of-freedom manipulator-type
haptic deiéd]  FIG. 4 is 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 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



[0019]lt is also possible to modify more specifically the outer peripheral shape of the three-dimensional
model of the bell mouth 4 using the three-dimensional model of the anchor 3 and the bell mouth 4.
FIG. 3 is a view showing the preliminary shape modification step using a three-dimensional model.
wherein (A) shows the anchor in a stored state and (B) shows the bell mouth having undergone
preliminesydhape moblifcttomvaigishtwmamn B4G f8(%) fithe elbeibuttnuhid eanmecteth¢aliekouter end

of the hawsg pipe 2. The,anghor 3is pulled by a chain passing.through the hawse pipe, 2 thereby
being s%\élégl%%%sﬁ gc%ﬁvﬁ%%%%@ﬂ%%ﬁ% (féﬁlﬁg%aaﬁiér%f ?Fs 0 }el}la%l{ngc iﬂ%%l oa%%eoggd)%E (%)l?ethe surface
of the betkrhotithiddanousttre dhasis Rdew, ihd-IBkS{A). donFE H3( By @b dotE 3. sisohotire ToFRECt portions

of the an¢hor,3 ar I it iseasily.understood that the cont ortigns C2..C3 have
more hglg t rlegn%)?\sldg%%iaqlﬂlgtﬁ%éér%ggst %@r}ﬁ%r}% é{l ﬂ.eaﬁig%égggl-%‘fvn%eeﬁggcga n%%‘%?efuor? ?ﬁ%%]eﬁ??nouth 4 can
be modifipgbinttrdtepthaplabdhii pdifiewithbort perfommingeatace dvamtahandlysiss A shalh be
apparer%i@%(?ggliminary 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 inErG! 2(A) 16026t 1R THEBHERICASIRAIDRIS B8R st b Bersl s BiahelatitRor 3 and

the bell mguithid imanalizpeusingdbe created tAras-dimeasieonatirasabsihg seghanieal analysis can
be carried out ysing commercially available software, such as "ADAMS" produced by MSC Software,
and "N)@ffi@l@% ‘SprHiF o5 ?ﬁﬁ?é*ﬁgcﬁﬁﬂﬁ%@ﬁ%%GS%cﬁWHéﬁlﬁdéPﬁﬁQ%@§%ftware enables,

for exandptesinitiahsiate-omalysisdanalysiscef whethardhaie; arg inconsistencies in the model of the
initial state); static equilibrium analysis (analysis in a state in which the internal and external forces of

the mechpnisa! megelaiacaiaindime AR, SAVIDIER: sHaR'mRi saliRImanqsis (static
equilibrium analysis at each moment in time when a certain portion o tﬁe structure has been varied in
time intéhyegsyimsasioaraneisicharicsivstichethses heslseis fapujeiefonspeoifditigrandiinearizing at a
certain point.in.ii j | i 1a); ki i alysis
ol e e
degree sfdFedeibm fhamdsdyiangiddhaiyeis 4analysis of the mechanical motion of the mechanical model

when the mecnaﬁiﬁé'egge%kfhﬂa@a%&;ﬁﬁn%f65@@@509&-p¥t!ﬂ§m>aﬁé%£géﬂlt§v@&Qﬂl%pmﬁ&  graphs,

data plots, reports, animation, and other forms. [0021]In mechanical analysis step (Step 4), the
conditiott g enaearitiFsit!3 inta the shell plating 1)

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

{b) the anchor 3 does not contact the shell plating | when the anchor 3 is being
housed;

(c) 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



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 front &hd-hadideandathie conuitismis HEdhe uiliom bbywdandisie ot arathangechi@@:d varying the

directio ravity,and. tilting  the entire. model). [0022]FIG. 4 is a view showing.the state of mechanical
analysi;},1 %h%%%éﬁ‘;c?swan 1#3\{2@3}/%6\/%%??5%%% seigec\k/li%l{/\f flrlc%\r]ﬁ3 #@gg fe ?%F‘tﬁ@%ﬁi‘ﬁ&’? Is a side
view fromithefngritaektkle anchor, and (D) is a plan view. The mechanical analysis is carried out by

diing e anghg SIS 0 8 e iomisted e usip P e gement

method or the like, as shown in a are captured imag
mechanicdl roalysisidlispayetddifamimafidre. Gt Sds thevievelsmowingdheirelationship: hefween the
anchor gg %Tpem hen the an¢hor.is being housed, wherein ‘lft (J).show the chronological
order. T?ue el mso t CE)z’ljlésqJ é[é%eﬁsg&%oaet%&%% B%g?rl%%dx%%(fhlec %Ovl\}sset:e ibge% ) a?s irr%\sf\?n in FIG. 5(A). The
bell moutttdshrownrninthe Hiagraiigisedob frovidec aithly madatingiaseesting andlor 3 has flukes 3a
and a shank 3h . ﬁgﬁr‘é’g N RIS, pAkID FIG. 5. the.distal end of the shank,3h is shown from the
state of}“enter%?g ?rﬁ% t e]belfmglj:t??l(lf %8%%’% S%f‘ rkﬁg‘{ Séwg?c I]c?‘(ra‘:% r%]ﬁlﬁgt;% g(?rlﬁap%stléllg/e 1fgtf’;ed. When the
chain pabsing thiddgh thenihterior 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 36 is pulled into the interior of the hawse

pipe 2 whiteanaking gerdagiwithibe serssigesof dheiheliove pertion.sf thedRelbmeuth 4nds,shown in
FIGS. 5(}? og@?ﬂﬁg\ég point, the anchor 3 is rotated so that flukes 3a are ultimately oriented

downwa A SeandotbiehBrotidtde Fasatidhsolcathoiaine traitinBith 4 acting

on the shrenkidkvibadensionotiiachoin: thaishappalitheshank 30 dhgosiaatationefthe anchor 3 at
the start of Wipdin%{g%égfté:?a'n._ Next, the flukes 3a contact the bell mouth 4, as shown in FIG. 5(1). In

this stat& & A R FRSTHERANSE b2 AHAHhavsRiBs DRTtHE Sspbsite side of

the flukes Bavbétihe abehdinylimatelyicoptreitheielronuth F1assRANRE HEGVREII0024]FIG. 6 is a
view showing the Iationshw%t\)?ﬁtween the anchor and the shell plating when the anchor is being

housed HHETE I(gA FSEF RO R AR AKE SRS HiCAP GrIBROPHECARASE B ReRSURSH ShadciE same
conditios)ds & feanbv A analysisnisperformeditm determinanvheiher tha anshor3 certagsss the shell
plating ]%}JQW&%%BIQ S ei?).S'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



[0025]In the determination step (Step 5), the results of the mechanical analysis of the
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. 1. The case in which a mounting base is not provided (the case in
which thérelhphdm3 is whep pedaicketly intethe Ishslidldting<dhape tapdilfiedioastidntef dhecanchor 3 in a

stored s ' nt. the har 3 does not coptact the shell plating | when the anchor 3 is
being h(%g;sﬁ)%gfﬁot eé%%}éz)grl%a(c%)nrl% a% éaal{lﬁt\l/z%%? his &%%8%{%8% %@r?t‘é% %vﬁ?ﬁa%hoél B8fmouth and
two-poirtoagmittiet aidh tireasivatiopialtiedd wivenhtiei adehme Jiistin asstenadrstates drdprelin{thihoonditions

(a) to (C)s}?z[ e%gﬂ@%{?g r?té{ﬁgﬁgﬁg|§)direction of rotation has changed due to the direction in which the

flukes 3a of the anc a 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 |

when th&8nthor iS58 1SR ALa)YsIS Iy agtiecairadiont srire GRchapamediitaroaselibsebnstant;

mouth 4 have ended. The mechanical analysis step (Step 4) through the shape modification
step (Step 6) are repeated until the predetermined conditions are satisfied in the determination
step (Step 3). 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
anatysis step (Step 4) through the shape modification step (Step 6). In FIG. 8(B), the shape of
the bell mouth 4 is modified so as to have a smoother, more well-defined surface. In FIGS.
8(C) to (E), slight adjustments are made to the height of the bell mouth 4 and other factors. A

shape such as that shown in FIG. 8(F) is ultimately determined.

[0029]  According to the method for designing the bell mouth 4 described above, the
shape of the bell mouth 4 suitable for a ship type can be designed easily on a computer
without depending on specific craftsmen. Therefore, since a reduced-scale mode] or a wood
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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(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.1i. Thetworasuits 6f theomectahical talvalysivsatisfiothasaigarditiovts iy diltbe design of the bell

mouth 45 ampleled (e Jbihe aRts oL e meshanical anglisis danat salsly hese conditions
(N), the process proceeds to the shape modification step (Step b). These determinations may be
configuréditdbehlRawiatichlunidgectromatinz resudtss ebthermmechiami dalearfalysisoby thescomputer, or
may be jsyally. ma nthe ' At own,in FIGS, 5.and 6. [0026]In the determination
step (Stiegpﬂfﬁfgé%a‘%%gg (q)ﬁ}’ g%éagﬁgﬁé%ﬁ%%g}ﬁ %’;%gd aaﬁgh%fegséﬁeef fhan 1 tlﬁ%]eg%havior of the anchor
3 can beanowdiERampiesokslicrestainconditigniNdRidemvethetithepnooveriend di¢hB chain is
smooth; whethe: ' iney the.chain ins| inner surface
n Sl EE0%R Eﬁé@n@%ﬁ%ﬁ%{%%g?n wd LRGN f”?égﬁﬁ%ﬁi?‘&ean

of the hawse pipe 2 or the _ ent is generated In the chain. FIG. 7 is a
view shéWifiicheddiativnetiybibsameéntins W& 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 flvexHhip. Tihahdewsshouwi ik flke Step(fSrgnd) 7(R) iaigdhetapdewsms hewinedhesanalysis results
of the mechanical analysjs step (Ste . FIG. 7(A).is mainly for checking the relationshjp between the
chain 5 %ﬁ%fﬁiﬁﬁéﬁaﬁé}%ﬁ ﬁh‘fgn%%%‘ )%aﬂ?a%l %P&H%&&%%ﬁ&%%&ﬁém%fém the chain 5
and the sheglbpkitiogohil08a7 irotbe shagevmodification stepASeRGbbestiapeakthe Next,
three-dimepsional model %Ef}ge bell mouth 4 is modified when the conditions of the determination step
(Step 5) WA SRR B MY SRR UcATR A fh IR S HBAEReGH 4105 (Stbp )
include piadiificatienvet thgelRightitddf, thel bell mouth 4ita-adiuatsheneaiagtireints between the anchor
3 and the hell. mouth 4. modification of the_difference. between a lgwest point and a highest point of the
neight HP5 PR BRI TSGR RR GIFRG WileH Bl HREIRGAE 0 e thstan it Biditben the
anchor asihghekshblaptatiagti; dooidificationabthe heightdtiot tha bellmackihidasanthatithaspnchor 3
(flukes 3a) contacts the shell plating 1.during stqrage in the case of the bell mouth 4 without a
mounting’ 5&s j%ﬁﬁ%‘@gﬂ%% %%%8%8@%‘? ﬁ%‘?’fﬁ 8ﬁ1ﬁ?85 Oﬂ?%dstﬁgﬁfﬁ’ijé“% ENGE3 (flukes 3a) does
not contacthaeishelhplatingaftduring staragehictiepoasel of thetbelhmeutivdifdiiout se@ating base;
modificatiop of the curved shape of the bell mouth 4 so that the rotational direction of the anchor 3 is
stable; a bl%n%ggﬁ?gai%;%}%% ?ﬂe‘%%%h%]ﬁ g’ﬁ&%ﬁ#ﬁé@ﬁ?@ U IR BR g SR TS S KR anchor 3
does notagmitdetitel 1, or another input device.

[0032]  When the shape of the bell mouth 4 has been ultimately determined, electronic
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 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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shell plating 1 when the dh_ch’c')r 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 4Werkénaredempithe mechanical analysis step (Step 4) through the shape modification step (Step
6) are repeated until the predetermined conditions are satisfied in the determination step (Step 5). FIG.
8 is a vigye stowing adhriee-eimeprionaidneerhinvbiahihe abappel theobelmmuthibaskeen

modified, wherein (A) is a bell m mﬂgﬂhlc égas undergone preliminary shape modification, and (B) to
(F) show e FEsHHE & tfhﬁ%f’ e m%%}?grﬁggl%ﬂa%%@f@ﬂ%‘feﬁ" DSTaRdGY Hthe shape
modificatiosistepf(&ter ahcivFies &) htheshapeaf thenbel ﬁﬂwﬂﬂeﬂrﬂ&ﬂé%&@g)i@ as to have a

smoother, more defined surfa C) to (E), sl adjustments are made to the height of
the bell f gﬁ?ﬁ&ﬁf@ﬁ%%@&?%ﬂ&p&ﬁ%éﬁ 1M°§ﬁ% TEEEESER) is ultimately determined.
[0029]According to the method for designing the bell mouth 4 described above, the shape of the bell
mouth 49@dthble ﬁ)@@ﬂwqyﬁé@&h%@@fe@l@ﬂé@ easily on a computer without depending on specific
craftsmen. Thehffq{e reduceﬁg&z{e model or ood model.is $$J er necessary, design
time can be shOreHaH4 5’ Gesign costs cah be %d nt%?ggrﬁl% H&ISF a bell mouth 4
can furthmmmenbmadwmdldnmdaas etaat&nnmsglammadmmsedi o ahﬁxﬂﬂmglfbj‘oanﬁhﬁuéﬁtbell mouth 4,
enablln%thg d<t95|9nr8f blelltrrg 1y aHldé('gtr)nbe im IemenCF ore r and’é?t Iower cost. [0030]FIG. 9
is a system con(ﬁgura 1on agram or c?élggmgstﬁlglb Prsuth 8&9 5rd|ng to the
present dat@nton] helisystdm showniin B f@dssdreewxamie mixt{]:e»mmpkemmtatm@ ahthe bell mouth
design methotc){ d%s,ggég)r%% %ebsove tHJTI no Ilmcétatlon |m os?qtr dth% C uratlon shown in the
diagram. The p¥e ent'sys amhasa congpu er1 Y cormectsd i p‘%l (\:/(i)énepﬂe as’ s?ﬁgwn in FIG. 9.
The compumslt&@basiaxﬁmlde@mmmhpmtyesmm uniprafANcavRO Mhea thapsdoisks ofiothierstorage
device, %grd%b%%rc%oﬁga:[ E%I’I utd é{JSC OaIl %hsﬁ)u axfor T anof QErreggé%%t vice; I?ias software for
carrying out the mechanica ayS|s an Sottware of the like Tor processmg%e ree-dimensional
model u@n@maihamfdﬁwmsll"ﬁﬁé Momd Snﬂmiﬁem@bmragmdedmbnﬂhd isechafigaied so that
a prede r ecuted b CPU Q_carr predeten- n|n mechanical analysis
and moé%qyg apglgfr%% ﬁem rld|r1i11set;’n5|onael Mo 1r1°by in iefr%r%g} #1 %Tc? c%leov c:in

kmematms and dynamics motion analysis related to a rigid multibody system and static

equilibrtum. "Recur” refers "Recursive method,” which is a method for expressing a motion
equation using relative coordinates between mutually linked and adjacent objects, and
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 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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11. The computer 12 is connected to a telecommunication circuit 14 to which other computers, servers
13, and the like are connected. The telecommunication circuit 14 is a distributed IP network built by
connecting various communication lines (telephone tines, ISDN lines, ADSL lines, and other public
lines; and dedicated lines, and wireless communication networks) to each other using TCP/IP

communitétibiiproteivel, raniing bartwe vdisciacigdesptis i temeh¢oohplnkenetiworikschgrway of
L0BASE,T A00PASETAnsine e, AT A0S AR A0S, 0lec LN, JOSFHI s il shave

setting step (Step 1), the initial shape of the bell mouth 4 Is selecte on the ship type and the
shape ofsthel kduwisthpipa varhtheinetsinta. tihesehdatiuksayrbaadlectrowiv tetalsrdred inds sérver 13, or

may be fiaia.fiesgibesinAiaarameA>.die de eriimaatpnel men sieaian siep.(Step 2), a

three-dimensional model of the shell’plating 1, hawse pipe 2, anchor 3 mouth 4 Is created on

the compifiesrrabsrigamprélnprapshape anddifidvonsstep { Stepd) rdestinitial shiae oM bell mouth
4is mo@Hée&laﬁ@@ﬁﬁ&t{%@%@ﬁ%ﬁ%&?ﬁ&éte%@aﬁm i{&%%@ﬁ\‘!&%h@l&% SHIgN|Gal analysis

step (Step 4), a mechanical analysis of the three-dimensional model Is performed using mechanical

analysissostviiaresteiee oh trrebedmpudy amd In rIsikapdimsamication stephiBtepingte Sape of the
bell moyih,ddsmpdiied basgd.anibe analysis;tesiisUsing2 4&%@!@9%‘?4@9&9 Aevicg it pr another

input device. [0032]When the shape of the bell mouth 4 has been ultimately determined, electronic
data (e.§hecham oy eepiesantngreselsnapectiife Bl invosthos s saivegnrotiscomputer 12 or server

13. At thisRointaienshansdafaqldhedel mouth dis.preferablyasseaiatar with g shiptyre and the

shape of the hawse pipe 2 and anchor 3, and then stored and organized into a database. In this
manner2thi§ $apEIaaR RS HNE BEbnBIthanisa coahitifatetivhadedy e thnsiath afeigbs of existing

ships argcaRveriachinig AR data-and,siored itk el @ssociated ship-type information in a

database. The database can be used for setting a profile of the initial shape of the bell mouth 4.
Therefo ore anced datab of.the bell mouth 4 allows the initial shape of the bell mouth 4
to be mé@g?cqrgsel);%g%%e%%%gﬁg ﬁgeefﬁ}%%ggﬁjgen shape, the load on the mechanical analysis step

(Step 4) and theyphlange owdificationisiendRiep-Mdahadeducedeand taeahapeabiighelsmouth 4 to
be determined easily and rapidly. The three-dimensional model creation step (Step 2) through the

shape mitHedibn Brshrstah B Eais saohrBs LAY e sraiph withabich the Gondidemdeldetermined
for a shig,Bavingithensatag sonsitionae WeorkinaSramplal [RG3AHARG exapRlaRf the present

invention is described below. FIG. 10 is a view showing an example of the bell mouth design method

of the prESEHLRRIHHE ANTAIEIGIA TS et shars il thandbR srRALIpR oh he 48ERPAS EBEN from the
ship stepyside and4iFiser . axameinoh thescompytational seswitsiof thesragtien fareeAwking contact.

ship hull or other defects occur in the stored state and midway anchor-lift state, the three-
dimensional model of the bell mouth must be modified 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), the vertical axis represents the reaction force (N) between
members at the contact portions, and the 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



[0034](1) Outline of mechanical analysis Mechanical analysis is a CAE (computer-aided
engineering) tool for computing movement in a time domain in a machine system composed of a
plurality of components. Such a tool ordinarily treats all components as rigid bodies without
consideration for deformation, defines the mechanics and forces between the components constituting

an asse@ﬁb‘ll,@,l’sf@mmmé@s leﬂﬁlé@@ltﬂép@kdqmglbm@@ reely of frédoirof-theeoinpahsats! and
computes fRAGlPRIGER AR ALGHAY RPRNGELLARSIEIA] BRINERN 1o, RGNS, other words,

mechanical analysis refers to motion simulation, interference checking, and computation of dynamics.
"NX Motorrsingl attmRedurDyn Tis shehiied frsehendrechelafsa datyiis motingre thy xmesign" used in
the working example, and it is possible to perform kinematics and dynamics motion analysis related to
a rigid multibody system and static equilibrium. "Recur" refers "Recursive method," which is a method
for expressing a motion equation using relative. cqordinates between mutually linked and adjacent
objectsfgﬁlag?edu ing XHe %S?tb%%d}aﬁrig?é? drt Feeégsgo SHIP |Hff%’ﬁ$€éﬁ OVEdrexample, a
mechaniaalanalysisitetaiedtdl thedoausinpgatandnchodapdohairore gl es i egddgfinitians: link
definitio_r%f[joint d%ﬁnitio?, and three-dimensional contact definition. Specifically, (1) link definition: to
define indtRHOATY ‘BEERTEK 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 defin ndel égggg@r;}% [ ion. is desired. Mechanical analysis
is carried out when these defir%ig §Fh§ ( £§%ﬁ§gé§%§§%e5ult3 of mechanical analysis
Sliding in the joints during anchor and chain lifting will be defined. A model of the distal end of the
chainis Ljeﬁed, ! irection of t slichin is detennined,.and the sliding speed is inputted for the
target jo@? e tirﬁ?t?’ ig fﬁr?k%ﬁﬁ%srseq?ﬁgﬁ ;é% ?%Da‘élfle%%ﬁw%etl & ?ﬁ%vgfcnsé%l% (gi“l% a%a:%c. gifthe distal end
of the chizpresnesythetivailing anchor and chain contact thereby being pulled because a
three-dimensi ontact is defined for the anchor, and ¢hain, Actual pylling has twq patterns, i.e., a
pattern for when % fiu %138‘%?? %Hesr}la{)r%ﬁlgr%?elqggnahﬁ% %ﬁfﬁ%ﬁlpﬁ)ﬁiﬁ a%plfé%{gg% %Sr) Wrﬁé% the flukes are
facing oetward. Apivemtive chdia isiiailldchpa thé Obitwatic facingastatpsdtmanchobéllkessihitially contact
the ship lﬁ)lm {Qeu%‘h%h%%%" {Qﬁ)utggndsgeel%girg&}g% slgcured facing the ship stern side. During the
interval,“{”e anchor rubs ag&nsﬂhe?fppe? portion and ship bow side of the bell mouth and rotates
When the chaihlis. pulledvinwhershiphtibfacingistatestthe anchidicatibs sigpinstthe thvaer portion to the
ship stern side of the bell mouth is secured in the same positio f@” rotating,in the opposite
oo R T B R M N SR il e
operationtifvialthy eedtimensivean@AD, shayaspokBibiecio reproduce substantially the same operation
as the model test-usi re - e model.FIG, 10(A) is.a view showi .portion of the
mechanical an%\T)E/}s'ii %;9%3?%\%%%? \sgﬁ%%v%é Etzhséageta(l)t%né?% fu%fl{(:('egh)aann'c?il}cf)sr1 as e}éeel?]qt%o?fgeadb gg &6&n from the
ship stemesidd3 [(086i¢8)vidatdromndiganasfothddinatisira@e) 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);
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When the condition of the anchor being housed has been successfully reproduced as a result of the
mechanical analysis, the shape of the bell mouth with which the condition of the anchor being housed
has been successfully reproduced is its final shape as long as the condition 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, whedrBxdeishvey oo anfgontive dhigrmlforpthesdeiabisteticuoinithiestorasétate and
midway anchar: 'f&s@gé@gﬁ%%ﬁ%@le '&onal model of the bell mouth must be modified and the
mechanical anafysis performed again. FIG. 10(B) shows an example of the result of computing
reaction forceskdUrihg isantzeor. IhoRiBg 20 Bytireveiticabelkis vefirdseiatsitiehrebefitn forsentN)

between memper ' ] | axis represents.the passage of time
(seconc?s) of tf?éq ’Sﬁ%%ﬁﬁag%{]g%%o%%:%g%ﬂ%% %I%%.}E]?(%%gc%%d}?%%sﬁ dgﬁg\%]\?;f fﬁ}élr%lgc%l n force of the
joint thasteompidetentheBshank eranple ahdisaromaindvody] reydiE2{Wisitestvar&)rshdwsihe reaction
force of thejgint 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 anchor. For example, modification and mechanical analysis of the three-dimensional model of the
bell mouth are not required to be repeated as long as change is on the level of the protruding portions
of Fl an F2 at about 10 seconds of elapsed time for pulling in the anchor and chain. [0037]The present
invention is not limited to the embodiments described above; 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 external appearance of a bell mouth which
has undergone preliminary shape modification;
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FIG. 3 is 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 is 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. Vidw showing the relationship between the anchor

and the bell mouth when the anchor is being housed, wherein (A) to (.1) show the chronological order:
FIG. 6 isla viewshuiling feredesiatiogshhslbawwebnntizeshinchorenad he sheipp kimgdunenstied anchor is
being hoysed, whearel YRIeNANRS ical: : IS, a,Vi ing the
relation(s)#ip bgtween l%]ﬁépb’\c%alan ar?d %ﬂ%fﬁ%&%@rﬁ%%%&ﬁﬁ? ei}):s{gi %%%s&?%% rein (A) is a

front viewzmgathe hizwge divewndfahel bulbwio attenged (B)as eufronndieftinbaside niswibé the ship;
FIG. 8 iane&ilg\alﬁ)q%g ggyggﬂ%gﬁ?&%gﬁﬂgg%el in which the shape of the bell mouth has been

modified, wherein (A) IS a bell mouth which has ufidergone preliminary shape modification, and (B) to
(F) show the resulisitirrsipgatiegihitosteifesdhe mechanidahapabSisesiel) (Siem 4xpbrdiughsthe shape

modification step (Step 6); FIG..9 is a system configuration diagram for processing the bell mouth
design n?é%?ﬁ%aaoggcg?ﬂ?ﬁ ?&?ﬁ@%‘%@&ﬁ%ﬁ@gﬁﬁ%%%%é‘g anf'—&lg.’ 10 is a view showing an example of
the bell mouth dasign.methecdeiithe fresentiblaeion: whersin (A s siateafterdha anghor has

been housed as seen from the ship stern side and (B) is an example of the computational results of
the reactféh fBPeE a iR EaRRIEE 2nd 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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CLAIMS I.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 an 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

dependifly on alBpEYrBAKsh dassndngihebrenertiag de Hipoah mecsttearaims FhFEddmensional
model creaiing ster: e raling srthiesctimengianstmode! pfthedpeluewiy the, hawse pipe, and the
anchor on a computer; a mechanical analysis step for performing a mechanical analysis of the
conditiorf&BReedfchor 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
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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, 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 m&tieh betmentyshrpsaint eoneshipafanecras aravetes itthe Mitieatstiadeistede bell mouth

is set basgghaR&- dameietiafipeinatRIReHA the initial shape selling 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 ell.mouth is set based pn a size of and the shape qf the anchor in the initial shape
setting s?set?p. 4.$I§Sb%%{h %Oglﬁhggsel%lr??n&é f%’ SRESBRIRGTS éf&%f%%%%%é%dﬁh?f&%erein a
profile of theelinitiahlshapesinfithe:tethnddth isesemidithe irftiat shepe setingrsiep usitg@database in

i isti [ ] i A n red with their
Wh'C“.bel'%@%é{%P shapes Oi;ﬁ[i%%%”(?f%E‘é%%&%‘r’%eblﬁg%g%%‘éﬁﬁe O a3, A Store
associated ship ation.

®pe infor
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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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 ARape4Anddification step or the preliminary shape
modification step using a haptic device. 7. The bell mouth design method according to any of the
preceding claimsPwhigediis thieipredetelyimpededaddiiond i thd detehnsination stefare that a direction
of the anchgg In.g.stared slate s constant. (hathaapchapdaesnekcantagt thg spsllplating when the

anchor is being housed; and that the anchor contacts the bell mouth at three points when the anchor is
in a stored &HEE Mt THRIBRITTSItH YEsIH hefdu i chramigtidatisPobirr! pleceding Saims, wherein
a height of #higabelkpaobth-to:Adjusicontactpointadetmeendheanchasamithe beltmaeuth in the shape
modification step. 9. The bell mouth.design method according to any of the preceding claims, wherein
 Giferanca ba RS Ul B e NN ALt e O o G TR G e I modified o
adjust a swikipwwighishtee deichvrrahda distdnise bervis parigamtivpantithéskell plating in the

shape modificatiomsteRdARSERAGTsuth ProMded-isahsll mouth desish methadswhereby a bell

mouth shape suitable f ship type can be designed easily without.depending on specific craftsmen.
The bell mOUH AU A MHET e TR ST RO e A AP SiREE BBty stop (Stop 1) for
setting the imitlznshid perlyfithe Belkonduit: 4f Bithirsbedintemgibnalehotie) thetition step (Step 21 for
creating the;thigesdimensionahmedel fthe.helmouthad and MBeLParts:onA.6RMRMer; a preliminary

shape modification step (Ste for modifying the outer peripheral shape of the three-dimensional

p3) :
model of tHe BR oA 8 BB stEbIE WHBACTRE S G 35 BIBCREHSE RS shape of the bell
mouth 4; ammetttanicallanalysisistiéf:{Siepid) farperformniiamdchadicahanalysisdef ¢hie condition of
the anchor g heing hapsed weing e tes:dimensionat mode! althe ball meuth 4 and other parts on a
computer; a determination step (Step 5) for checking whether the results of the mechanical analysis
satisfy predééefmined 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 Fla |
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