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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　 Summary

　The 　purpose　of　the　paper　 is　 to　propose　 a　design　procedure　for　preli 皿 inary　ship −1ines　using 　 a 　high

speed 　dig…tal　co 毋 puter ，　which 　derives　prismatic　curve
，
　 o 匠sets 　and 　hydrostatic　data　with 　which 　given

characteristics 　 are 　 satisfied ，　 from　the　standard 　series 　having 　block　coe 伍 cient 　within 　the　range 　 from

O．65to 　O．85．

The 　 method 　 is　 outlined 　 as 　 follows：−

　The　data　of 　the 　 prismatic 　curves 　 and 　lines’ of「sets 　of 　the　standard 　series ，　 which 　are 　 provided

beforehaロd　as 　basic　data
，
　are 　loaded　in　the　high　speed 　digital　computer （1．B ．M ．7G90　 is　 used 　in　this

case ）with 　the　object 　program 　for　the　 calculation ．

　By 　these 　data　and 　object 　program ，　the　computer 　calculates 　and 　pr至nts 　ollt　the　prismatic 　curve ，　ofEsets

and 　hydrostatic　data　havi11g　given　characteristics 　such 　as 　principal　 dimensions，　 prlsmatic　 coe 価 cient ，

midship 　section 　coefHcient ，　Iongitudinal　 centre 　of 　buoyancy ，　sharpness 　of 　shoulder 　of 　prismatic 　curvep

shaPe 　of　section 　 of　body 　and 　sheer ．

　In　the 丘rst　part　of 　the 　paper，　the 　principles 　of　the　method 　are 　described．　 In　the　second 　part．　the

standard 　series 　of 　prismatic　curv ¢ s　and 　lines　are 　illustrated　in　detaiL　　Finally　an 　outline 　of 　the

procedure　of 　the 　ca 弖culations 　of　pris皿 atic　curve ，　lines　etc ．　is　given，using 　LB．M 　7090，　and 　an　example

is　also 　presented．

Abbreviations

LPP ：

B 　 ：

D 　 ：

d　 ：

AM ：

CB ：

Cp ：

CM ：

Length　between　perpend 三culars

Breadth，　 mouided

Depth
，
　 moulded

Draft，　 moulded

Area 　 of 　 midship 　 section

Block　coe 田 c1ent

Prismatic　 coe 出 cient

Midship　section 　 coe 伍 cient

Cm 　 ：

lCB　 ：

WL 　 ；

L1 ）7L ：

5　　　　：

ノ

Designed　load　waterline 　coeMcient

Longitudinal　center 　of　buoyancy

Water 　 line

Load　 water 　 line
　　　　　　　　　　　　　　　　　　　　ロ　　　　　　　　　　J
Sharpness　 of 　 shoulder 　ef　 prLsmaUc

curve ，十 1　sharp 〜　　1　round

Degree 　of 　shape 　of 　section ，

十 1U 　shape 〜− 1　V　 shape

Su 田xes 　F 　and 　A 　show 　forebOdy　 and 　 afterbody 　respectively ．

1　　1ntroductio 皿

　When 　a　 merchant 　ship 　 is　 initially　designed，　 it　recently 　becomes　 very 　important　 that　 preliminary

lines　having 　a　good　accuracy 　 are 　 rapidly 　drawn 　as 　 a　process　for　the　purpose　 of 　the 　 precise　 design．
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t.

s

 
ln
 
the

 
shipyard

 
where

 the authors  work,  studies  that the initial design of a ship  may  be rapidly

 
carried

 out  by I.B.M. 7090 are  new  proceeding, the paper  is a  part of  the  studies.

                               2 Principles of  the  Method

 The  design procedure  is as  follows:-

   (1) Calculation of  prismatic curve

      
The

 
ordinate

 of  the  prismatic curve  at each  station  is calculated  frem  the standard  series  
of

prismatic  
curves

 by given  Cp, lcB and  sharpnesses  of  fore and  after  shoulders  of  prismatic curve.
 !f

the
 
ordinates

 of  the prismatic curve  are  given,  this stage  is ornitted  and  calculation  may  be com-

menced  from next  stage.

  (2) Calculation of  the offsets of  iines

      
The

 offsets of  the  lines are  calculatecl  frem  the  standrd  series  ef  lines by the sectional  
areas

and  the shapes  of  sections  at stations.

  (3) Calculation of the profires  of  stem  and  stern

      
The

 profile of  stem  is caleulated  from  the  offsets of  each  water  line at  fore three  stations,  on

the
 
other

 
hand

 
the

 profile of  stern  is interpelated from among  the standard  series  of  the  profiles of
sterns.

  (4) Calculation of deck side  line and  flare above  LJirL

     
By giving the  sheer  at  deck side, the offsets  of the deck side  line are  calculated  and  if a  vvider

deck area  is required  the' fiare above  LvaL  is adjusted.

  (5) Calculation ef  hydrostatic table

     
By

 
the

 
offsets

 caleulated  in stages  from  (1) to (4),the hydrostatic table  is computed  and  in the
near

 
future

 other  data required  in the stage  of  initial design will  become  serialry  available.

                               3 Standard Series of  Lines

 
The

 
standard

 ship-lines  are  drawn  for merchant  ships  of  erdinary  types.  The authors  have 
selected

some
 
ship

 ferms of  the  best qualities in resistance  and  propulsion from  many  ships  bui!t in thelr
shipyard  and  some  series  medels  in published
                                              Table 1. Relations among  CB CM, tcB, andreports2)A.7)

 
frem

 
which

 
five

 
standard

 shiP  parttculars  of  midship  section
lines

 
are

 
derived,

 CBS  ranging  frem  O.65 to (unit length;draft=1)
O.85 at  intervals of  O.05.

  The  relations  among  CB, CM  and  tce ofthe
five lines, shewn  in Table 1, seem  to be

reasonable,  which  are  determined  by  the

data of  many  actual  ships.

  3.1 Standard series  of  prismatic  curyes

  The sharpness  of  the  prismatic curves  of  the

round  shoulders  are  derived by  keeping  the

prismatic curvesi)2)S)  are  referred  for the

  Furthermore, four prisrnatic curves,  Cns of

are  added  to each  sharpness,  in order  to 
'

prismatic curves  are  properly faired as  to

   CB

   lcB (%  of  Lppt)

   CMHalf
 bteadth of  keel

Radius  ef  bilge circle

Rise  of  fleer

O.651.25O.984O.08O.2334O.O14O. 70o,oO.986O,

 08O,2195O,O12

 O.75-1,O

 O. 9ee

 o. os
 O, 2047
 O.OIO

 o. eo-L6gig,oo

 e.1zz7

 o.oos

E O, 85-L8

 O,992

 O 08
 O. 1716
 e.oo6

      five lines is medium,  Prismatic curves  of  sharp  anrf

   areas  of  the  original  prismatic curves  unchanged,  Some

 determinatien  of  the  sharpness.

     which
 
range

 from  O,675 to O.825 at intervals of  O.05.
mterpolate  more  exactly  a  required  prismatic curve.  These

 change  smoothly  from  O.65 in CB  to O.85.
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                    Fig. 1 Standard prismatic curves

 3.2 Standard series  of  ship-lines

 The  above-mentioned  five standard  ship-lines  have medium  shapes  of  sections.  In addition  to these,

two  standard  shtp-!ines  which  have  U  and  V  shapes  of  sections  are  drawn  without  changing  the

sectienar  area  of  each  station  of  the  original  standard  ship-lines.  Consequently, the drawn lines ameunt

"o 15 in al!,  seme  of which  are  illustrated in Fig. 2. The  shapes  of  sections  are  related  to Cpt as
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                      Fig. 2 Standard  body plans

shown  in Table 2.

 The  relation  between  Cva and  CB  for the  medium  shape  series  is the mean  line of  many  data

actual  ships,  such  relattons  for the  U  and  V  shape  series  are  respectively  lower  and  upper  limits

CJF against  CB.

ofof
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  The  standard  ship  lines are  drawn at

2.4 of  Btd, which  is in the middle  of  lnyds

of  many  merchant  ships.

  The  particulars of  the midship  sections,
'Table

 1, and  the profiles of  the stems  and

･sterns,
 Fig. 3, are  changed  systematically

in accordance  with  the change  of  CB.

Table  2. Relation between Cm  and  shape  of  section

Cn

cptCPshape

 of  seetion

Medium  shapei･.oi
 sectionV-shape

 of  section

O, 65O.738O.786O,822e.7oe,778O.817O.

 ec7

O. 75O.S18O.848O,872O.80O.858O.S79O.897O.85O.89BO.910O,ee2

ha
ua -t'

4

anyi
gn.

cr

'e.ePk"Iima.t;v-

' ".E".ss,tava

.aswt. th
s'"gek･k
"

.sntsf-h

' '
-e

n' '

                              Fig. 3 Profi1¢ s  of  stems  and  sterns

                                 4 Calculations of  Lines

  lnput  Data

  (1) Basic rnput Data: These  input data are  given  in Section 3.

  (2) Input Data  of each  actual  ship:  Principal dimensions, Cp, lcB,
Calculations

  The  co--ordinates  of  ship  are  chosen  as  

'shown
 in Fig. 4,

and  the  fiow  of  these calculatiens  which  is so-called  Flow
Chart is simply  shown  in Fig. 5.

  4. 1 Calculation of  prismatic  curve

  From  among  the prismatic curves  given  as  basic data,
111ustrated in Fig. 1, the fore and  after  prismatic curves

having required  
"s"

 are  computed  separately  for each  CB in
Table 1 by  the linear interpeiation, that  is' 

'

     P(Z) 
=

 Rnt(Z) +  (lls/R(Z) -Rndi(Z))･lsl ' (1)

px

ra

z

i'

Fig. 4 Co-ordinates of a  ship

CM, s, f, sheer  anda  few data.

READINPUTrAPE.BasieDatA

flEADINPUTAPE;Datafor
eeehactualsht

CaleultionofrlsmatideUrv,

Ceuatqnoefseso

Cenverttnto.aetualsbt

Correetionerb ±1e.artllaleulaonseuppereek
stdeUneandvertat ±ens
ofshapeser.seettottsabeve
LWLcacuataontepreeso

n

{vg:,T-St.gUTP,YT,,,gs.e3t,p.Uid.ie.!nHdrosatieelcuttens

WRITEbVTPUrrAPE;Bonjean's
tableandhydrestetteeha"ae.-

Fig. 5 Flow  chart
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                   '

  Where  P(Z) ==  (Sectional area

        and  sufixes  S, M  and

        and  round  shoulclers

After Cpp/A and  lcHFtA of  these

computed  by  the  following

       Cp =  Cpn +  Cpe

        Cp'lcB =

 The  equations  (2) and  (3) are

                   25

                  -

                  kee
           ･ N
                  *                  w

                  :
                  "i5

ts th uz A  an ]R fi ac l14 e"

           below  LWL  at  Z)/AM

           R  show  the sharp,  medium

          respectively.

           curves  are  calculated,  the  prismatic

        method.  

'

CpA･leBA +  ClppEtcBJ･

             we!1-known  relationship.

curve  having  given  Cp and  lcait

                  (2)
                  (3)

At-*v"eN

                      
.30

 .35 .40 ..45
                                       CpFl;t

                   Fig. 6 Relationship between  qppiA and  lcBe/A of  prismatic

                           curves  having  medium  sharpness  of shoulder

                                                                                '

   At  this point,  it is assumed  that  the  following equations  are  available  in the small  range  of CpTrA.

         Ic.A=F(C.A)=A,C;A+B,C..+C,  (4)
                                                         '
         lces=G(CpR)  ==  A2C7F+B2Cpp+C2  (5)

   From  eqs.  (3), (4) and  (5), the following equation  is obtained.

         (ArA2)  CPA+  (Bi+3A2Cp+B2) CPA  +  (Cr  3A2' C$ T2B2  ' Cp-C2) ' CpA+  (C$ 'A2+CP  ' B2

         +Cp･C,-Cp-lcB)=O (6)
   The  required  C?A is obtained  as  a  root  of  this  cubic  equation  and  C?p  from  eq,  (2).
  Finally the  required  prismatic curve  having the value  ot  CpFiA obtained  in above  relatfons  is com-

puted by  the  parabolic lnterpolation from among  the series  ef the prismatic curves  having  required'

"s",

 whi ¢ h are  obtained  by  the  process of  eq.  (1), and  at the same  time  lcB and  Cp of  this curve

are  computed.'  
'

  In a  result  of  these calculations  if the  absolute  errors  are  less than  10"i corresponding  to Cp andi

5× 10r4xLpp to lcB, the  authors  consider  thaf  the  ebtained  pri$matic curve  is quite satisfied  with･

the given  characteristics.

  In case  of the accuracy  being insuthcient,the result  is modified  by  means  of  small  correction  on  Cpp/A,

usingthe  derivative, 
'aacPp(eZi)A-

 and  keeping the  relationships  of eqs,  (2) and  (3), and  this

modification  is continued  until  the  conditions  of  the above  mentioned  allowances  of the absolute  errors:

are  satisfied  with.

  4･2 Calculatiott of  the offsets  of  lines

  After the  sectional  area  below  LVVL  at Z  is cemputed  frotn the  prismatic  curve  obtained  by 4,1,.

three kinds i.e. U, M  and  V  types  of  the  primary  offsets  (refer to 4.3) having  the  required  Cp andi

lcB are  computed  by  the linear interpolation frorri among  the sectional  areas  of  basic data by using  ther

offsets of the standai,d,lines  given as  basic data in Section 3, That  is

                                                                      NII-Electronic  
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                  A(Z)-An-1  (Z)
        

Y(X,Z)==
 A.(z)-A..1  (z) 

(Yn(X,Z)-Ynml(X,Z))+Yn-1(X,Z) (7)

  Where  A(Z)  =CMxBxd × (erdinate of  the obtained  prisrnatie  curve)

        An(Z)=A(Z)  given for each  prismatic curves  of basic data corresponding  to CB

  Then  the primary  offsets havlng  required  f are  obtained  by  the linear interpolation from among  the

ebove  mentioned  offsets  having U, M  and  V  shapes  of  sections.  Tn this time, the sectienal  area  wil!

toe kept constant  by reason  of  the application  of  linear interpolation.

  The  shapes  of sections  above  LVPTL are  obtained  similarly.

 
-4.3

 Conyerting to act-al  ship

 The  ratio  of the principal dimensions of primary  lines is as  follows,

        Lpp:B:d  ==  16:2.4:1

 
'Therefore,

 the ordinates  of  actual  ship  can  be obtained  as  follows.

        Y  actual  =  Y  primaryx  (B12. 4) , Xactual=X  primary  x  (dtl) , Z  actual=Z  primary x  (Lppt16)

  4.4 Correction of  bilge part

  On  conyerting  primary  offsets  to actual  ones  the bilge part wlll  not  become  circle.  Therefore,  the

bilge part is cerrected  to circle  without  change  of  sectional  area  and  also  for keeping the fairness of

water  line the adjacent  stations  of  both sides  of  parallel body  are  corrected.

  4.5 Calculation  of  upper  deek side  line and  medification  on  the shape  of  section  above  LWL

  The  follewing shapes  of sheer  are  provided.

  1) Standard sheer  prescribed in rule

  2) Parabolic sheer

  3) Straight line sheer

  4) No  sheer

  In calculation,  by  the parabolic interpolation from  ainong  the offsets of  half breadth, the height and

half breadth  of  upper  deck side  rine at  each  statten  can  be obtained  by only  indicating the  shape  of

sbeer  when  standard  sheer  or no  ,sheer is applied  and  by  additionaly  giving  the starting  poipt of  sheer

and  the sheers  at EP  and  AP  when  parabolic or  straight  line sheer  is applied.

  On the other  hand, for the purpose  of  getting some  required

deck area  withQut  change  of  the existing  sectiona!  area  below
                                                      x

LVVL, the variated  shape  of upper  deck side  Iine and  the shapes

of  sections  above  LIJPrL can  be calcurated  by the  ratios  oi  the 
expected  half breadths  at  AP  and  9 1/2 stations  to the  original  

ongshawt/.isch

 
are

 
gained

 
in
 
4･2･

 

  a)  equation  of  upper  deck slde  line

      yu  (Z) =  Yu(Z)  +dyht  (1- Yu (Z)IB/2)･Yu (Z) (8)

  b) equation  of the shape  of  section  above  LVPrL

      y(X,  M  ==  (Y(X, Z) -Y(d,  Z) )

       ×[1+ i.,((Zz))-m\l:(E4})(-jeiliil-di)l}+y(d,z)

 (g) 
xta

 
v

  
Where  cvFiA=(The  

increasing
 ratio  of half breadth  at St･ Fig, 7 Variating shape  ofl

              9'f2/AP)t(1-Yi`(Z=st, 9il21AP)IB12) section  above  LVVL

        y=  variated  half breadth

NII-Electronic  Mbrary  
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        Y  =originar  half breadth

        SuMx  u  shows  upper  deck side  line

 4.6 Calculati{m of  the ･profiles ef  stem  and  stern

 The  stern  profile is sirnply  obtained  by the linear interpolation from  among  basic data and  then  by

multiplyihg  the increasing vatlo  between  the primary offsets  and  the  final ones  for the actual  ship.

On  the other  hancl, the  stem  profile is obtalned  in a different way  described as  fo!lows. The  profile

abeve
 LvaL  is obtained  as  a function of  the inclination of  raked  line of  stem  and  the cut  up  line is

                                                     i

'

T-
'

t LL

NXN
' C.L.

' El

t /F ' CNssi"1foi"tef

[.L,aert=n:tet

1' -.- ofN.L.

t/'zi''"/t/1l i
} l''

R.sc.",c"+"rtiF"C

' l ･ -..rnbrRtdtr--
- frn-T

9
'eig

flj 9"+
a-o.fS

EP
                                                    .

                     Fig. 8 Illustration of,calculation  of  profile of stem  .

computed  by  the  linear interpo!ation from among  basic data using:the  kind of the shapes  of sections

at
 fore stations  and  given CB as  parameters,  while  the raked  line under  LJVL  and  stem  circle  are

calculatedi by weighed  or/and  simple  least square  approximation  among  the  cross  peints of center  plane

of  ship  and  the  mathematically  assumed  extensiens  of water  lines.
                                       '        '

  4.7 Hydrostatic calculations

  By  using  the offsets  of  the ship  calculated  by the above  mentioned  method,  bonjetin's table and  soine

hydrostatic characters  are  calculated  serially.

                                      5 Example
                                                            '

  The  input data and  the results  of  an  eXaMPIe  Tab!e 3. Input data except  basic ones
by  LB.M. 7090 are  shown  in Table 3andFigs. 9

at  11 inclusive.

  It is clear  from these  results  that the  lines

calculated  by  the  above  mentioned  method  are

censiderably  reasonable  and  applicable.

  The  absolute  errors  in thisexample  are  5× 10-5 
um

to Cp and  5× 10L5xLpp  to lcB, which  errers  are  negligible  in practical meaning.

  The  required  computing  time  by I.B,M. 7090  is only  about  O.51100 hour  per one  ship.

  (A part of  output  data, i,e.bonjean's table, hydrostatic characters  and  variations  of  shapes  of  sectiorv

is omitted  from the example  in this paper.) .

tt ..tut '

Lppt223,OoomCp.S325"s"cvfForebodyMediurrv

B32,150mtcb-1.8%Lpp"s"efAfterbody "

Dl6,800rnCM.ee22"f"ofForebodyMedium

d12,345rnsheernesheer"f"ofAfter body
"

NII-Electronic  Mbrary  
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Fig, 9 Prismatic curve
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Fig. 10 Body  plan

le ts

                                     Fi7.  tt. A"efiks  Sf s{e-  a  stetA

                            Fig. 11 Profiles of  stem  and  stern

                                    6 Conclusion
                                                                                 '

  The  standard  series  of prlsmatic curves  and  lines are  drawn  and  a method  which  calculates

preliminary  lines having given  hull form characteristics  by means  of interpolating the standard  series

using  a digital computer  is proposed.

  Lines by the design  procedure  presented in the  paper  are  suMciently  precise and  quite rapidly

produced  as  preliminary  lines in the  stage  of  the  initial design of  a ocdinary  rnerchant  ship.  If the
standard  series  of  prismatic  curves  and  lines are  expanded  from ordinary  type into special  type, the

design procedure rnay  be applied  to a  special  type  ship.

               '           '

                                                                      NII-Electronic  
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  rt will  not  be so long ln future that other  data than  the hydrostatic characters  which  are  serially

calculated  from the offsets  by  a  digital computer  may  be  computed  succeeding  to those and  that the

initial design of  a  ship  may  be  almost  calculated  only  by  writing  necessary  data in the  input data

sheets  using  a digital computer.
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