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A  Study on  Longitudina
                           '

                a  Container
1 Motions and  Bending
                    '

Ship in Followihg Sea
Moment  of

by  Seiji Takezawa*,  TsugukiyeHirayama*,  Kazuo  Nishimoto*::`

              t tttt
             1. Introdudti6ri.                   '                    '

  In recent  years, comparis6ns  6i 6alculations on

ship  thp'tions' in .wqves as  well as  wave  loads  by
StriP Methods  have been cariiea  out  interhational-

ly under'  the Seakeeping Committee  oi IiT.T.C.i),2)
Part oi  the reports..were  presented at' th'e 15th
I.T.T.C i978, while'  the rest  are  left to be presented
at  thE.16th.I.T.T.e.  schednled  for 1981. From

these Ieports,  it has been understogd  that
calculated.results,on  ship  mQt'  iQns, done.by  vari-

eus  institutiQns did .not appear  to diffe.r. , .signifi-
cantly  and  these results  also  showed  good
agreem6nt  with  resultS  

'6f''th'6del'e'kperiments.

Hence, the fact that  the Strip Method  lias

become  a  practical calculation  method  on  ship

motions  has  been  confirmed.  On  the  other  hand,
the calculated  results  on  wave  loads such  as

bending moment,  shearing  force, ete.,  which  are

regarded  te be mQre  impertant practically,
showed  considerable  differences, And  the results

of  model  experiments  did  not  agree  with  calcula-

tions.as well  as  that  on  the  ship  mQtions..  
'

  Among  these, an  interesting note  is the estima-
tion of vertical  bending morp..ent  while  the en-

counter  frequency  appreaches  zero  in following

                               Summary

    The  vertical  bending moment  in following sea  to be  calCulated  by Strip Metl'Lods
has  an  impertant problem  as obviously  shown  in the  results  of  the international
                                                        '
joint calculatien  under  the  Seakeeping  Committee  of  l.T.T.C.2) ･

    In this paper. ior the first time, the  following  Transient Water  Wave  was  adopted

in experim'ents.  As  the  results  
'suggested,

 good diata was  ebtained  effectively,  and

the iact that  Transient  Water  Wave  is useful- even,in  !ollow#ig sea  conditions  was  pro-
ved.  Next, a  practical method'  of  calculation  taking into account  three-dimensional

correction  is presented. By  applying  this method,  experimental  values  of  vertical

bending  moment  in iollowing  waves  at  neaT  -zero encounter  frequency  can  be  expl-

ained  satisfactorily,

                                    sea  condition.  In t-his case,  the yalue  of  vertical
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bending moment,  V.B.M., tends to be infinite ii
the  widely  used  Strip Method  is applied.  This

iact is also  very  clearly  shown  by  the  graph of

comparison  of  calculated  values  by  I,T,T,C.2)
Moreover, as  medium  ahd  small  high-speed

displacement ships  do come  across  this state  of

following  sea  in service,  and  the values  oi bend-
ing mornent  appear  not  to be so  smali,  it can  not

be ignored in practice.
  In this paper, results  of  moclel  experiments

on  vertical  bending Moment  in following  sea

condition,  which  mostly  has not  been presented
due  to difficulties in carrying  out  these･  experi-

ments,  are  presented. In  order  to obtain  good
results  effectively,  Transient  Water  VLrave (T.
W.W.)  was  employed.  However,  running  in

foliowing  sea  with  T.W."r,,  considerable  effort  is

necessary,  taking  into account  the interaction
between'the ship  speed  and  the encounter  fre-

quency, Therefore, a number  of  precaut.ioiis are

to be  taken  for carrying  out  experiments  of  this

kind and  these  precautions will  also  be stated.

  The  faqt that  V.B.M. tends to be  infinite, as

shown  bv  the  results  of  conventional  calcula-

tion, was  not  found  in the experimental  result  of

V.B.M,,  So as  net  to let the wave  loads inerease
to infinity while  the  encounter  frequency  becomes

zero,  improvement  on  the method  oi  calcula-

tion was  made  by  taking  into account  three-
dimentional cerrection,  This calculated  results  of

vertical  bending  mo'ment  is able  to explain  the

experimental  resu'Its "Tell,
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              2. Experiment

  2.1 Encounter  wave  phenomena  in Following
      Sea

  A  certain  understanding  on･the  encounter  wave

phenornena is necessary  beiore introducing  the

procedure of  the experiment.

  In  the moving  reference  frame of  a  ship,  the
incidient waves  arrived  with  the encounter  fre-

quency.

    oe=le-Vffcosxi  (1)
where

         bl: circular  frequency oi  wave

    K=w21g:  wavenumber

         x: encounter  angle

         V:  iorward  speed  of  ship

This equation  introduces a  Doppler effect  be-

tween the wave  freguency to and  the frequency of
encounter  tue. The  variation  of  we  with  to, when

it is defined in this way,  is as  shown  in Fig. 2,
  Usuallv tu .axis  can  be divided into ±he follow-
ing three"ranges :3)

  Range  I

          g
    w<               sothat  Vcosx<C/2=Cg
       2Vcosx

  Range  II

       
g
 <w<  

g

    2Vcosx                VcosX

                  sothat  Cg=C/2<Vcosx

  Range  III

       g
          <bl<oo  sothat  C<Vcosx<co
     VcosX

  
In

 deep water  waves,  the phase  ve]ocity  oi

wave  C  is defined as follows.

    C==wIK  =gko

And  the group velocity  Cg has  the  Collowing
relation.  . 

'

    Cg=C12

  In  following waves,  u==OO and  Vcosx-'V.

Non-dirnensienal wave  frequency bl is defined
as

    di=oVTL]7il!g L: shiplength

Then, there is the non--dimensional  

'relation

Fuch as.

    
to=l!Fncosx

 correspondsto  w=g17.cosx
                              '
where

    Fn  ==  Vl VZZJ7g : Froude Number

As  shown  in Fig. 2, in the  range  of  OStoeSg/
4Vcosx  or  O<(J.e<lf4Ftacosx, there are  three

different values  oi w  for one  value  of  uJe.

  2.2 ModelConditionandInstrumentation

  A  S-l75 container  ship  model  was  used  in
the towing tank  of  Yokoharna  National  Uni-
versity  (L× B × d=IOO × 8 × 3.5m), And  the
experimental  conditions  were  fitted te the
designation  in the  I.T.T.C. comparative  study

(see Table  l),

  Experiments  were  carried  out  at  Fn==O.O  and

Fn==O,275 in head  as  well  as  following  waves,

and  Ffz=:=O.40 only  in fDllowing $ea.  However,
in this  paper only  following sea  is treated,

  Arrangement  oi  instruments used  is shown  in
Fig. I.

  Heaving  and  Pitehing  were  free and  Surging
was  fixed. Vertical bending moment  at  midship

was  measured  throqgh  st!ain  gauge  by  detecting
the  bending of  the horizontally set  flat steel

bars connecting  the fore and  the aft  bodies di-
vided  at  midship.

'

Table

li

1 Pi/incipal' dimensions and  experi-

  mental  conditions  oi  the used  model

ITEMS shi Motie!

tenthC..) 11S.oen?.ooom

Ereadth 2S.4onc.290"

Deth ls.4omO.IT6m

DraEt 9.somO.10SSm

Disla=ementZgT42tonIS.14H

BIDekCoef[iciento.5116O.571E

C.G.fremKeel 9.50mo.nsem

C,G.fremMieshi-1.4Sm-o.oo2gm

Len'LG'radivs42.00rn(n.24L'O.4gm[o.24LpP)

T=im o o

Scale 1 1!8zr,

Nat.?ertoct'HeaveT,S2seeo.so]sec

inIIater?itah7.essecO.S42sec

Separated?arts  "f  moael

Weightc.GfrotnIEtfote+)bongi.Cvradius

fere11.leKO.3S72tnO.2G2mfO.1]1Lpp)

aftle.76Eg-O,412emo.271m[O.13SLpp}

vrFVEhs

liJllmiSTEELenRSTRNNGnUocwnVEttG..ge-tttttt"t....ttttttt

I

lm[11[RAli6E:-.'t"--4H=---z.zsm'tttttttt

Fig, 1

   ENCOu-ITEH wAVE  PROeEtSl

BIock  diagram of

     vvmifE PROBE  tF)

       x       ttttt-tt
         l･
         i

        ･--;1

the  experiment
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Fig.2  Relation  between  encoqnter  frequ-

      ency  and  wave  lrequency and  ranges

      oi T.W.VKJ'. used  in experiment

 
 

Fig. 3 Proeedure Qf  the experiments  in fol-

      lowing Transient VL'ater Waves

  The  waxJe  probe  fixed to  the carriage  was

located at  one  side  oi  the ship  at  a distance of

3.2m  (position S) from  the  center  of  gravity
(C.G) in order  to avoid  the  influence of  the

disturbance by  the  ship  hull, Another  wave

probe was  set  in front of  the stem  at  a  distance

oi  2.25m  {position F) from  C.G. Wave  probe
F  was  used  ior checking  on  the  height oi  wave

whieh  was  to pass  the slzip,

  Furthermore  the analysis  of data in T,W.W.
was  carried  out  by  using  a  Tn-ini-computer  based

on  F.F,T. (Fast Fourier Transformation> algo-

rithm,

  To  measure  the wave  exciting  pitch  moment,

the method  was  identical to that  of  the  vertical

bending moment  except  that either  one  of  iore
or  aft  body  was  fixed.

  2.3 ProcedureofExperiment

  Regular waves  and  T.W.VSr. were  used  to

obtain  the transier functions. As  previously
mentioned,  there  are  some  problems with  ex-

perimelltsiniellowingT.W,W.  .

  Therefore, these experiments  had  to be care-

fully planned (refer to Figs. 2, 3, 4).
  It has  been  confirmed  earlier  that  the T.W.W.

advances  fundamentally uTith  group velecity.i)

Two  types  of  experiments  could  be considered.

In  the first case  where  the ship  velecity  is greater
than the group velocity  of  waves  {Range II and

III of  Fig, 2), the carriage  was  started  aiter  the
total passage of  the waves  (see Fig. 3). Only
this case  was  carried  out  in this experiment.  For

the  second  ease  where  the ship  velocity  is less

than  the  group velocity  of waves  (Range I),
the carria.cre had  to be  started  before  the arrival

of  waves,  However,  since  waves  in this range

possess lollg wave  length, whlch  is not  within

the important range  and  experiments  are  diMcult
without  a  very  long  to-ring tank, experiments

were  not  conducted  for this case.

  To  decide the  timing  of  starting  the carriage,

the wave  generation time  had  to be taken  into

          FntO.O  Fn'0275          u

   i.l,[ -VwwVtwLA---!fAvE

   
til[

 

   -i;l[ 
   r:/L[=,el.vfipm,,wt,,,,,TC"tmh.,,,,,
            [1:W.MLCB]-50m. CONCENTRrtr[ON]

                                 '                           '
,Fig. 4 A  sample  of  time  history･ in a  follo-

       ing Transient  Water  Wave  
'

consideration,  for. the encounter  had  to occur

before  the  cencentration  oi  the  T,"VLT.VLT. in order

to maintain  its property. In addition,  the  total

oi  the measured  record  had  to take  place when
the speed  of  carriage  was  constant  and  same

zero-base  was  necessary  before and  after  the

encounter  in order  to achieve  good  preeision of

data analysis  to be carried  out  later (see Figs,
3, 4.). As  the  result,  time-hist6ries  ef  waves

as  well  as  responses  dinring the  passage  of  waves

beiore the staTting  of carriage  (i.e. at  Fve==O.O>
and  that  during the  encounter  aiter  the starting

of  carriage  are  shown  in Fig. 4. This can  be
better understood  by  refering  to Fig. 3, Atten-
tion is te be given to the difference i4 measuring

perioa for the  two  kinds oi  time-histories  shown

in,Fig. 4. An  advantage  of  this experiment  is

that  two  curves  oi  transfer function can  be
obtained  in one  run.

  To  set up  the  signal  of  T.W,W.  for following

waves,  additional  considerations  were  necessary

besides those  mentioned  in references  4). 5),

6), l4) in order  to  achieve  good  experimental

results.  As  there  are  three wave  frequencies
corresponding  to each  encounter  frequency, as

shown  in Fig. 2, it is necessary  to divide the zzrave
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irequency  into three ranges  so  as  to obtain  just
one  wave  frequency cerresponding  to one  en-

counter  frequency in each  range.

  In this particular case,, if Fot=O.275, the di

base  was  dividied into three  ranges  such  that

Range  I be to== ONI.81, Range  II be di==1.81-v

3.636 and  Range  III be w==3,636Noo  (see Fig, 2),
The  approximate  value  of  the  sweep  time  of

wave  generating signal  is given by  the formula5)

    T==?x(wff-bli)/g  (2)

where

    T': sweep  time  or  duration of  wave  genera-
       tion

    x:  concentratingpositioniromwavemaker

   ou:  virtual  high  frequency  of  T.W.W.

   wx:  virtual  low frequqncy  oi  T.W.VLr,

A  limitation of irequeney range  in each  range

was  nece.ssary  in otder  to achieve  4ppropriate

sweep  time.

  Eventually, the irequency range  of  T.W.W.
used  for experlment'  is indicated in Fig. 2, where
T.W.W.  (A), (B), and  (C) were  used  for Fn=

O,275 and  T.W.W.  (C) and  (D) were  used  for

Fn=O.40.
  Another  advantage  of the  u$e  of T.W.W.  is

that experiment  oi  small  die(we-O,  i.e, Te tends

to be very  large, see  Fig, 2) which  is very  diffi-

cult  in regular  waves  wals  made  possible.
  In  the case  when  the  wave  phase velocity  is

,larger than  the  ship's  velocity  {Range III),
there was  no  problem  in ebtaining  the encounter.

On  the other  hand  the dithcu!ty  with  the high

±requency  cemponent  waves  is that these waves

either  become  nonlingar  or'break  as  it passes the
medel.

  ConsequenUy,  necessarY  data was  obtained

within  the important frequency range  (near
we--e)  in eur  experiments.

      3. Analysis and  Considerations

  3.1 N.S.M.andO:S.M.

  On  the theoretical,calculation of  ship  motions

and  wave  loads, Strip Methods  such  as  Ordinary
Strip Method  (O.S.M,)i7> New  Strip Method  (N.
S.M.),i5) Salveson, Tuck  and  Faltinsen's Method

(S.T,F.)i6) etc.,  have  been  proved praetica] and

are  -Tidely  used  in spite  of  some  difference in the
way  of  treating. Calculation of ship  niotions by
these  methods  present good agreement  with

experimental  ones,

  In  this paper, only  vertical  bending  momenf

formulee is dealt with,  and  equation  of  motiens,

on  which  niany referenee  and  literature22),23) have
been  published, are  excluded.

  Vertieal bcnding moment  at  x'  is given by the

Strip Methods' as  follows. ･'
 

･
 

''/t

    My(x')=S'j.'I 
ddFiO

 + 
ddF.d2

 + 
al:.F"+

 
adF.'t]

           ･(x-x')dx  (3)
where

 dKo!dm: the  veitical  component  of  the radia-

         tion and  restoring  iorce on  the  strip

         dx

 aFd2fdx:  the vertical  component  of the diff

         raction  force on  the strip  dx
dFFKtdx:  theverticalcomponentoftheFroude-

         Kriloff force on  the strip  dx

 dFZi21ax: the  vertical  component  of the inertia

         force on  the strip  dx

respectively.  The  last two  forces dFiKtdx  and

dFia/dx are  identical in both  N.S.M.  and  O,S.M.

  At  the Kobayashi's N,S.M.i5) used  in our

ceinputer  program7) the  radiation  component

is gl'ven by  
'

     x'  dFfiD
    s           (x-x')dx=eA[(Cge-ASttue2)-Bgeine]
     la dX

                    +gA[(Cg,-Ag,toe2)-BSttoe]

                                    (4)
where

    As,=  
toVJ,,

 Ill N.(x-mt)dx+i:1  .-r,x-xt)Mffdx

        l 1
                    

-whA-4-

    BSe=i:x(rp-x')NHdx

        -vill(x-x')MEax+vlilxMEdx
        1 1

CSe=

   ･" wh

+  
,V,,,

 S: NEdx-  V[x(x-xlw)MiT]fa

: 1ma-
  V2M

 
a),2

 I(X-X')'"NIE]geE
 I r

2plliZ/IffIIILx(x-me'b(x)dx+vl1xivkdx
                  1 1

-  v
±i:I MEdx-  v2[M.(x-x,)]iJ

-yl:I
 
Nll(x-x')detv[xsx-x2Ng!t"i

As:=-ill(x-x')ba'Edx

Bg,=-!:<x-x')N.dx-vl":M.d.

    +V[ME<x-x')]fE                W

Cg.=-2pgl:b(x)(x-x')dx

    -  Vii1 4Vude+  V[NE(pa-q')IEJ
     [ 1

tttt.v.av
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where  L. TMLE terms  are  not  ineluded in the  modified

O.S.M,23) which  is used  in this paper, and  more-

ever  terms  are  not  included  in original

O.S.M,IV),tS) and  ±.""t terms  disappear  in N,S.M.

  The  diffraction component  is given  by

    s     
x
 dFd,

          (x-x')dx
     Ia ax

      =4S'awwe!:IMrr(X-X')e-KTM(:zO.nS(h*m))dx

       : gzwl lL NE(x-x')  er"'ma(g,O.  
.S
 (h*x) ) dx  '

       :gatuTii:Mff(x-x')e-KTM(g,e..S(h*x))dx

       ±ga 
wW,
 vi 1 Nuem:irTm(&O.nS (h*x))ax

        1 FL-.

:gavw[Mti(xmx')(&O.$(k"x))]ll
iig.v 

.e,
 [NE(x-xr)(&O.S(k*x))]fL (s)

 l L

    JL{[ff: sectional  added  mass

    Nu:  sectionaldamping  coeficient

     ga: waveamplitude

      bl] circularfrequencyofwave

     we:  encounter  circular  frequency

     k*: Kcosx

     K:  =w2/g  <wave number>
      p: densityofwater

      g: gravitatienacceleration
      V: forward speed  of  ship

     Tm: mean  drait of  section

    b(x) : water  plane  ha.lf beam  at  x

      ldi: aft  end  Iength

     0A: pitchamplitude
     gA: heaveamplitude

  For comparison  with  experimenta!  results,

longitudinal  motions  as  well  as  vertical  bending
moment  weie  calculated  by  both O.S.M. and

N.S.M. In beth calculations,  damping  coeffiei-

ent  and  added  mass  was  directly calculated  by
the Ursell-Tasai  Methodi9)  at  each  irequency.

Moreover, end  effect  was  taken into considera-

tion as shown  in equations(4),  (5),
  3.2 Three Dimensional Correction in Strip
     Method

  Usually  in the Strip Method,  three dimensional
effect  is not  taken  into consideration.  If the
wave  length  is sufficientl}r short,  hydrodynamic
coefficients  obtained  from the  Vrsell-Tasai Meth-
od  is quite sirnilar to that  frem  three dimen-
sional  theoretical resuLts.9),ii)

  Nevertheless.  as  wave  period increases the
difference between the two  becemes  larger.

Especially  when  tue tends  to zero,  it is not  seen

that, the added  mass  cQefficient  increases to
infinity in three'd･imensional theqretical calcula-

tion,ii) whereas  it appears  in the  result  of the

Strip Method.

  Recently. Maruo-Tekura2`) introduced a  nume-

rical  calculation  methed  ef  secbional  hydro-

diynamic coefficients  using  Maruo's8)  improyed

slender  body  theory. The  base of this  method  is
to introduce the  slender  shipi2),Di) theory  at  very

low  frequency,  so  that  at  high  frequency, the

derived  results  irom  this method  coincides  with

that of  the results  of  the Strip Theory.  This
calculation  finally becomes such  that  as  if three
dimensional correction  is added  to the  Ursell-
Tasai Methed  at  low ireguency.

  Similar work  exists.  in Newman's  unified

theoryi3) but here only  
'Maruo's

 foijmulation was
adopted.

  From  this theory,  the hydrodynamic  force

f(x) acting  on  each  sectiQn  is

    f(x);7.+(nfH+Mll')bl2fiA-(NE+Ni)iweA
                                    (6)

where

  MH  and  NE  are  sectional  heave added  ma$s  and
'damping

 coethclent  .obtained from  Ursell-Tasai
Method  respectively.  And here ME'  and  Nff'
are  considered  as  three dimensional  c'orrection

in heave  sectional  hydrod}mamic  coefficients.

  Similarly we  can  obtain  coupling  coeMcient

of pitch  with  three dimensional correction

･
 f(x)=-(ME.+ME,,)tu2eA-(Nff.+Ni')iweA
                                    (7)

where  Mur'  and  Ntr" are  considered  as  three

dimensional  correction  in coup}ing  hydrodynamic

coethcients  of  pitch. More  details are  shown  in

reference  24).

  In this paper,  we  define
   -ME'  and  ME"  as  three dimensidnal cor-

     rection  in sectienal  added  mass.

   -NE'  and  ･Nu"  asi three dimensional cor-

     rection  in sectional  damping  coethcients.

  3.3 Comparison between Experiments and

      Calculations
  All the caleulation  conditions  as  well  as  model

conditions  (See Table 1) were  in accordance  with

the I.T.T,C, designation.

  Combining three dimensional correctiQn  with

N.S,M. and  O.S.M., the fellowing six  cases  oi

calculations  were  carried  out  in this study,

Therefore, six curves  are  feund  in Fig. 5-v
Fig. 15 as  calculated  results.  In some  cases

where  there are  ne  differences among  catlculated

Tesults  such  as  Fi.cr, 10, the number  bf curves
                                     '
seems  to be less, Here, we  define the calculatiOii
methods  as  io!lows
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  1, N(O):  original  N,S.M. calculatienbased  on

     Eq. 8), 4}, 5) for vertical'  bending  moment

    without  thTee' dimensional correction.

  2. N(A): N(O)  with  three  dimensional

     correction  oi  sectional  added  mass  Mgt

     and  Mff"  enly  

'

  3, N(A.D):  N(O)  with  three dimensional
     correction  of sectienal  added  mass  Mll'

     and  ME",  and  damping  coeflicient  NE'

     and  Natt

  4. 0(O):  original  O.S.M.  calculation  based  on

     Eq. 3), 4), 5} except  terms  for vertical

     bending  moment  without  three dimensional
     corre ¢ tion

  5. 0(A): O(O) with three dimensienal  cor-

    rection  of  Mu',  Mu"  only

  6. 0CA,D): O<O) with  three dimensional
    correction  of ME',  MH",  and  NEZ  NE"

  It was  found out  that  for Iengltudinal motions
in following sea,  the  calculated  values  nearly

coincided  with  experimental  ones  in regular

waves.  All the  calculated  results  oi  pitch and
heave by  both  O.S.M. and  N.S.M. (for N(O),
N(A), N{A,D),  O(O), O(A), O{A.D)) appeared  to

be  quite identical to one  another  and  with

measured  motions  (see Figs. 5, 6, i3, 14).
  Experimental results  obtained  in T.W,W.  were

also  very  close  to  that in regular  waves.  Thus,
it can  be said  that  the  effeetiveness  of  measure-
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ment  in T.W,W,  in following  sea  was  equally

well  as  that  in head  sea.

  In spite  of  the difference in sectional  hydre-
dynamic  coefficients  between  the calculations

with three dirnensional correction  and  original

Strip Method, .ifood  results  can  be obtained

from  the  original  Strip Methods  for the estima-

tion of  motions.

  Although  the sectional  added  mass  tends  to

infinity as  tee tends to zero,  it is oi little im-

portance for prediction of ship  motions.  This is
because it is the we2a  (a is the  mass  term)  and

toeb  (b is the  damping  term)  which  occur  in the

equations  ei  motion.  Since  the Strip Theory

correctly  predicts the hydrostatie  effects  which

are  dominant  as  toe tends  to zero,  the resulting

equations  oi  motion  are  also  correet  for the  case

where  we  tends  to  zero.rO)

  Next, concerning  the  vertical  bending moment

(Fn=O.275} shown  in Fig, 7, unlike  the  values

from  N(O) calculation,  no  singular  phenomena

   Table.2 Representation of  calculation

           methods  in Fig. 5-Fig. I5
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was  seen  in expepimental  results  in the region

near  ble:=O. Results  from O(O) showed  that
similar  singular  phenomena  occurred  at  around

tue==O, but it was  generally quite lower  than  the

experimental  results.  The  reason  for the  differ-

ence  in the  results  between  O(O) and  N(O)  where

(ee is very  low, is regarded  as  that  teTms  divided
by ble2 in radiation  force and  by  oe  in diffraetion

force do not  appear  in O(O) (see Eqs. (4), (5)).
  Furthermore,  as  shown.in  Fig. 15 singular

phenomena  appeared  to be  wider  at  Fn:==O.40

than  the former ones  for both  N(O)  and  O(O)

in the region  near  we==  O. Once  again,  results  of

calculation  by O(O) generally appeared  to be
lower than the experimental  ones.  .

  The  same  singularity in vertical  beiiding
moment  shewn  in Figs. 7, 15 was  obtained  from

the widely  used  O.S,M. and  N.S.M,

  However, experimental  results  have proved
the invalidity of  the existence  of such  singulan/ity.

This singularity  is due  to the increase of' added

mass  towards  infinity obtained  by  Ursell-Tasai
Methed  at  yery low frequency.

  In  order  to make  up  for such  a  defect in the
traditional Strip Methpds, it was  attempted  to

bTing ilt Maruo's tliree dimensional correction.

"Then Maruo's niethod  was  first appliedi  on  three

dimensional cerrection  for Mu  and  Ne  good
results  could  not  be obtained  as  shown  by  the

curves  of  N{A,D)  in Fig. 7 and  Fig. 15: Since

the  influence of  Nu  in the region  where  we  is
small,  whigh  is regarded  as  the main  issue here,
appears  to be insignificant, three dimensional
correction  for only  Mu  was  applied  for N(O).
Conseqiiently, as  shown  by  the curves  of  N(A}

in Fig. 7 and  Fig. 15, a  characteristie  ¢ apable

Qf  explaining  the experimental  results  was

obtained.  As a  conclusion,  the authors  wQuld

like to present this as  a  new  practical method  of

calculation.

  On  the other  hand, to investigate the  con-

sequence  of three  dimensional  correction  in

O.S.M,, the same  cerrection  was  applied  in O(O),
which  means  that  six  kinds  of  method  of  calcula-

tion were  carried  out  in total.

  To  show  how  small  toe could  be  in following

wave  Fig. 9 was  put in. Running  with  high

speed  in following wave.  the va[Lue  of  we  could

take  a  figure down  one  place than  running  in

head  wave.  Moreover,  added  mass  obtained

from  traditional methods  in this zone  appears

to increase quite sharply.  However,  it is easily

understood  that  this can  never  occur  in the

actual  case.  In addition,  it is also  understood

that  the value  of  added  mass  appears  to be
limited and  not  quite large if the  Maruo's  three

dimensional correction  is applied,  Furthermore,
the  fact that the quantitative arnount  involved
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A  component  of radiation  iorce for
vertical  bending moment

Fi.cr, 11A  component  oi  radiation  force
vertical  bending moment

for

in thTee dimensional correction  at  low frequency
zone,  regarded  as  the main  object  here, appears
to be  considerable  is also  understood.

  Fig. IO indicates the  term  in the  radiation

component  largely affected  by  three  dimen-

sional  eorreetion,  Moreover, it is to be  noted  that

all coethcients  consisting  oi  dfH  are  affected  since

three dimensional correctien  for all  ME  in Eqs.
4), 5} of  N(A) is included. Fig. Il shows  the

term  in the  radiation  component  which  differs
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                 '

greatly in N(O)  and  O(O),
effect  of  three dimensional

term  is almost  negligible  in N(A).
  The  value  of  veytical

greatly influenced by  wave

ment,  as  shown  in Fig. 8.

infinitv while  tue tends  to zero  in     Jvertical

 bending moment  does

 {Fig. 7). In N(A), as  the

infinity vanishes,  vertical  bending

not  tend  to infinitv. As a  result,

the  most  satisfac`iory  results

others,  However,  the zone  

'

ence  between  N{A) and

Fig, 8 is quite similar  to the

 a  difference between  N(A)  and

 results  oi vertical  bending

 Hence, it can  be censidered  as

 precision of  prediction  oi  wave

moment  is improved,  the

 vertical  bending moment  will

  For  O(A) calculation,  although

 phenomena  disappeared, the

 compared  with  experiment  for
 for Fn:=iO.40 and  the dislocation
 occured.

  In  the  case  N(A.D)  (Figs. 7, 15)

 sing

 since  the seetional  damping

 lewer than that  by  the

 value  of  vertical  bending

 Iewer  than  experimental  results.

  The  difference between  O(A)

 insignificant (see Figs, 7, l5).

   Results in quarter iollowing

 Fn=O.275  are  shown  in Fig. 12,

 between  N(O) and  N(A)

 irom  Sumitomo  Heavy  Industry

 becomes Iarger in the wave  range

 zero,  On  the other  hand,  it is

 does  not  bring about  any  bad

 calculation  appeared  to be

 it is undierstood  that  N{A.D)  is

 in this case,

   Three dimensional effect  for

 is included, theugh  the

 bending moment  by  original

 following  sea  vanishes,  the

 calculated  results  bv  O,S.M.                  .

 appear  to be significant.

 N.S,M.  have  proved to ap.

 experimental  results  than that

 this rnethod  gives a  much  better

 vertical  bendin.cr mornent  in ioll
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                           but they differ
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of  a  Container Ship

'

             4. Conclusions

  Summarizing  this study,  the iollowing conclu- .siQns
 ca]i  be  drawn,

  1) It has been understoQd  that  in spite  oi

expeiiments  in iollowing sea,  good data can  be
obtained  effectively  by  applying  T.W.W.  How-
ever  efferts  in lirniting the  frequency range  for
the wave  components  in T.W.W,  as  well  as  in
making  them  cerresponding  to encounter  fre-
quency on  one-to-one  basis are  necessary.  In
addition,  it is also  essential  to predict the  rela-

tions with  the period  of generating waves,  the
start  position ef  the carriage  and  the  measuring

period in planning  such  experiments,

  2) The  actually  obtained  transfer functions
of heave  and  pitch in following sea  show  good
agreement  with  the Strip Method  calculations

such  as  O.S.M. and  N.S.M.

  3) According  to Strip Methods  such  as  O.S.M.,
N.S.M.  etc., vertical  bending moment  in follow-
mg  sea  tends  to be infinite while  the  encounter

frequency is equal  to zero,  Nevertheless, it is
obvious  from  the experimental  results  that  such

a  tendency  does not  exist.

  4) In order  to correct  such  defects in widely

used  Strip Methods,  attempts  were  made  in
trying out  many  kinds of  calculation  method,

Consequently N,S.M. modified  with  the  Maruo's
three dimensienal correction  for the sectional

added  mass  coefflcient,  explained  well  the  ten-
dency of  experimental  results.  This method  was

proposed  as  a  practieal method  ef  calculatien  for
the vertical  bending  moment  when  the encounter
frequency tends  to zero,

  5) From  the comparison  of  calculated  results

in I.T.T.C,, considerable  differences can  be seen

in calculated  values  of  vertical  bending moment

in following sea  altheugh  the  same  formation  of

calculation  method,  say  O.S.M. or  N.S,M,  was

adopted,  due to the  difference in detail of  calcula-

tion  programs. Taking  this into consideration,

the actually  obtained  characteristic  of  vertical

bending  moment  in iollowing sea,  is explained

better by N.S.M. than  by  O.S.M.

  In spite  of  the Method  of correction  presented
in this paper, some  difference with  experimental

results  can  be seen  quantitatively. The  authors

intend  to carrv  out  further researeh  on  calcula-

tion method  as" well  as  experiments.
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