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1.1 Application of Curves and Surfaces
to Ship Design
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Density of steel
= 7.85 ton/m?

Basic Requirements of a Ship \m}.

Wood
10 ton

|
B The basic requirements of a ship AN ) (_L T 10 ton

----------------------- 1.025 ton/m3
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: Hull form design, Ship hydrodynamics,
(3) Ship should move fast to the destination : Propeller design,
and be possible to control itself. i Ship maneuverability and control

.
--------------------------------------------------------------

» Shape: It should be made to keep low resistance (ex. streamlined shape).

» Propulsion engine: Diesel engine, Helical propeller

3
» Steering equipment: Steering gear, Rudder (
4) Ship should be strong enough in all her life.
» |t is made of the welded structure of
Steel plate(about 10-30mm thickness) RO LT LL L CL L L EC L CL UL ECEN
and stiffeners. 5 Ship structural mechanlcs :

lllllllllllllllllllllllllllllllllllllllllllllll

* Archimedes’ Principle: The buoyancy of the floating body is equal to the weigh of displaced fluid of the immersed portion of the volume of the ship.

‘%3 bTSYsiem |
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How does a ship float? (1/3)

M The force that enables a ship to float » “Buoyant Force”
W It is directed upward.
B It has a magnitude equal to the weight of the fluid which is displaced

by the ship.
> “
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% y
« [IIITT1]
I ......... Ship

Water tank
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How does a ship float? (2/3)

M Archimedes’ Principle

B The magnitude of the buoyant force acting on a floating body in the
fluid is equal to the weight of the fluid which is displaced by the

floating body.
B The direction of the buoyant force is opposite to the gravitational
force.

Buoyant force of a floating body
= the weight of the fluid which is displaced by the floating body (“Displacement”)

®» Archimedes’ Principle

M Equilibrium State (“Floating Condition”) !

B Buoyant force of the floating body w
= Weight of the floating body

A=-W=-pgV

V

-.Displacement = Weight =

B ()
1<

G: Center of gravity . B
B: Center of buoyancy

W: Weight, A: Displacement
p: Density of fluid

V: Submerged volume of the floating \ N J
body (Displacement volume, V) !




How does a ship float? (3/3)

M Dlsplacement(A)

Buoyant Force

= Weight(W)

T: Draft

Cg: Block coefficient

p: Density of sea water
LWT: Lightweight
DWT: Deadweight

| Weight — Ship WEight (Lightweight) + Cargo Weight(Deadweight)

Ship

lllll
.....

.
° .
-------

Ship

Water
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Design Stages and CAD Systems for a Ship

Initial/basic design » Detailed design >|_ Production design
,]]‘7‘ T
-------------------------------------------------------------------------------------------------------------------------- ok e ".':'.‘."""-“-q.““';F"""...'I.'.ﬁ.e".C"A.D"r.f]lé.d"é.l.ils."é.e"rié.r.a"t.é'a"""""‘
e in the production design stage
AVEVA
Marine
TRIBON :
(system ) Production:
drawing
Production model of a building block unit :
The CAD model is generated
: ipithe detailed design stage.
IntelliShip | :
system :
Detailed model Production model of
of a whole hull structure a building block unit
The CAD model can be generated
dﬁ«.t,he initial design stage.
: ",2’34*’*/'%4,— :*"";r AR A AVAA AT AV
EzCOMPART| | % 4 %% e
and : "'*f/f,//”%,&lllllllllllllln.'/x%!llﬁﬂ!ﬂiﬂﬂl
| ’771’ } "'~ / Block division drawing
system :
: Initial model of a whole hull structure Detailed model of a whole hull structure Generation of the production
g material information

* TRIBON: CAD system (the exclusive use of shipbuilding), developed by Product of TRIBON Solution in Sweden 5
* IntelliShip: M-CAD systmem(the exclusive use of shipbuilding), co-developed by Intergraph, Samsung Heavy Industries, Odense shipyard in Denmark, and Hitachi Shipyard in Japan



Initial or Basic Design Stage of a Ship

N

[ Hull form design J [ Compartment design { Hull structure design ]

J

Resistance
experiment Ship calculation Structural
Shape data result Shape data result Shape data analysis result

Model test Ship calculation Finite element analysis

INDANDROLLINGSTABILITY

WDV ROLLING STAEILITY

* CFD: Computational Fluid Dynamics

Design
Labgratory 9
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Modeling Stages of the Initial or Basic Design

Hull form
modeling

Conceptual
design

Compartment

. Hull structure modeling
modeling

Determination of

principal —'—+

dimensions Input of

basis hll.lll form

: Variation of
hull Iform
:

“Faigihg of hull form

I
Completion of
hull form model

Definition of

. ——
ship compartment Transformation of
] . compartment
Sh lculat e el
1p caicufation model to initial hull
structur‘al model = 4

Modeling of
longitudinal

g¢ structure system

M Longi. plate

M Longi. stiffeners

M Detailed longi.
parts

Modeling of
transverse
structure system

M Trans. plate

I Trans. stiffeners

v Detailed trans.
parts

* Longitudinal structure system: Shell, Deck, Girder, Stringer, Longi. bulkhead, and so on |
* Transverse structure system: Trans. bulkhead, Web frame, and so on 10
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1.2 Hull Form Design
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What is a “Hull form”?

M Hull form

B Outer shape of the hull that is streamlined in order to satisfy requirements of a
ship owner such as a deadweight, ship speed, and so on

B Like a skin of human
M Hull form design
B Design task that designs the hull form

Hull form of the VLCC(Very Large Crude oil Carrier

S’

Wireframe model Surface model

< Q2 SYstem
éiﬁaﬁ[% %Design 12
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What is a “"Compartment”?

M Compartment

B Space to load cargos in the ship

B It is divided by a bulkhead which is a diaphragm or peritoneum of human.
M Compartment design (General arrangement design)

B Compartment modeling + Ship calculation
M Compartment modeling

B Design task that divides the interior parts of a hull form into a number of
compartments

M Ship calculation (Naval architecture calculation)

B Design task that evaluates whether the ship satisfies the required cargo
capacity by a ship owner and, at the same time, the international regulations
related to stability, such as MARPOL and SOLAS, or not

Compartment of the VLCC

13



What is a “Hull structure”?

M Hull structure

B Frame of a ship comprising of a number of hull structural parts such as plates,

stiffeners, brackets, and so on
B Like a skeleton of human

M Hull structural design

B Design task that determines the specifications of the hull structural parts such

as the size, material, and so on

Hull structure of the VLCC

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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Ship Shape(“Hull Form”) Design

Hull form design

Hull Structure Design

Section curve design

\ 4

v

Fairing

Curve network

A 4

Hull form surface

Dimensional variation

Resistance
experiment
result

Model test

A

Shape data

A

Frame lines >

Hull structure

design

TAnalysis result

v
Structural
analysis
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Needs of the Hull Surface Modeling

M The important production information such as joint length (welding

length), painting area, weight, and CG of the building blocks should be
estimated at the initial design stage.

M For this, we need the hull surface modeling not hull curve modeling.

M Furthermore, the estimation of the cost and duration of the construction,
the jig information for the fixed curved block can be estimated.

Curved block

Stiffeners for
preventing
the deformation

Joint angle

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh



Quality Requirement of a Hull Form Surface

Initial hull - Detailed design
form design _l | | 7 Production design
Find: Smooth hull form surfaces
Given: Curve network ..o, i
< Automatic ™, Hiting-s mm

generation
of hull form
surface )

e, »
---------

5,000~1,000 mm

Requirements
= Irregular topology = In the form of Bicubic B-spline = Intersection between
= In the form of non-uniform surface patches surfaces and plane
B-spline curves = Max. distance error between given curve = Validation of the fairness

network and generated surface < tolerance*
» Smoothness: exact or close to G'**

* Acceptable tolerance in shipbuilding industry is about 3~5 mm.
** G' means geometric continuity or tangential plane continuity. IntelliShip requires exact G' hull form surfaces.

e Sz SYstem ‘
B, v
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Hull Surface Modeling by Single Patch Approach
and Piecewise Patch Approach

= Single patch approach " Piecewise patch approach

Method Single patch approach

» Easy to represent the hull surface « Suitable for repré

Advantage | « Mathematically, the 2"¢ derivatives are form surface
continuous at all points on the surface(C?) | « Able to represent th

« It should ¢
« A single patch approach cannot exactly equations for te
Disadvantage represent a complex shape in the bow hull form surface.
and stern parts and also knuckle curve. o It needs a special met

which is not rectangle.

SYstem

S Design ‘
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Example of Hull Form Surface

3 TR 4 | X

|
/

Z EzSHIP - [EzHULL1 - DiWSAR= S W RadCBDH HI¥hn1 621 -9000TEL. xan]
F| File “iew Edit Build Window Help

0O = 7 & HHEHAQMN @ HNHEAFHEEH ¥ REE® 355 48 97 Q@I S8
FIEFe=H L F T PO || HMm | FO M| k| S RY || M B

o B ELE | { »i s A.}(. |sa jﬂmhsuﬁ

[EzHULL j?&

) asurf
Yo, stern_prafile
Yo, stern_prafile_1
% BOSS._| ’
%7 BOS52_] -
%%, FOB 5
S FOB._2 8|
= FOB_4
7o Deck_l
DZ_QJ fMU3E, 000
v, FOS L
¥, bridge vy
UPPER
ﬁ H
b

%7, Sec-5.900
X2, Transom_|
X7, TAM143.255_1
7o zz0,08zz_1
7o zz0,12z2_1
70, zz0,20zz_1
e, vyl DByy_1
Yo, vyl 10vy 1
Yo, wvl Ty 1
Yo, vyl 18y 1
Rz
4 >

EzHULLI

= lcommmand:t A
MG Fit done,
commandz w

£ *
Ready - [P L0 [21, 007, 1845000, 0, 0, 01 1,000 |= |x= 206,630138, %= -85,617709, £= 35000000 Long.=14.4. Lat =0
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Coordinates for Hull Form Representation

Fore body

“Right-hand Coordinates”

Coordinates for Hull Form

Aft body

_y-z plane
< -.’_A_"f:f:/,(‘__.—-
: " . x-z plane
* Some systems use “Left-hand Coordinates” are used. -

-gstem
CE esign §
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Composition of Wireframes of Hull Form

M Hull form curves

B Primary curves

® They define the outer shape of a hull form.

® Profile line, bottom tangent line, side tangent line, etc.
B Secondary curves

® They define the inner shape of a hull form under the outer shape
defined by primary curves.

® Section line, buttock line, water line, space line, etc.

M Wireframes (Curve network)

B Group of hull form curves which are generated from primary
and secondary curves, and intersection curves among them

B They contain a number of closed regions of triangle,
quadrilateral, pentagon, etc.

B Basis for generating a hull form surface

< @SR SY st
8} Rhtoeson
Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh A IDlLaboratory
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Primary Curves for Hull Form Representation

- Profile Line (1/2)

M Profile line is an intersection (or tangent) curve
between hull form surface and center plane (center

plane, y = 0 plane) except for deck.
V] Also called center line

RN

T

““-m,,____q_h

-\_\_‘_‘—‘——\_

Example of profile line of a 320K VLCC

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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Primary Curves for Hull Form Representation

- Profile Line (2/2)

ne (3} = 0 plane)

Example of profile line of a twin-skeg container ship

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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Primary Curves for Hull Form Representation
- Bottom Tangent Line

M Bottom tangent line is an intersection (or tangent)
curve between hull form surface and base plane (z = 0
plane)

L— — T
WW@// H:Dm

Example of bottom tangent line of a 320K VLCC

e Sz SYstem
éfﬁaﬂg{% %Design 24
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Primary Curves for Hull Form Representation

- Side Tangent Line

M Side tangent line is an intersection (or tangent) curve
between hull form surface and y = B_,4/2 plane.

UL P il

Example of side tangent line of a 320K VLCC

~—

e Sz SYstem
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Primary Curves for Hull Form Representation
- Deck Side Line

M Deck side line is a curve representing the side of upper
deck

M Both ends of the curve contact with profile line.

_:—'—'_'_'_'_ "_‘—\—\_\_\_\_\_\_\-\-\-
——

Example of deck side line of a 320K VLCC

e Sz SYstem
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Secondary Curves for Hull Form Representation
- Section Line

Example of section line
of a 320K VLCC

P4
M Section line is a curve located on a cross Straight
(longitudinal) section (y-z plane). e section
M Stations are ship hull cross section at a spacing
of Lgp/20, station ‘0’ is located at the aft ul/ ot 13
perpendicular, station ‘20’ at the forward
perpendicular. Station "10° therefore represents
the midship section.

M In generally, because the section lines are
Ipcated at the stations, they are called station
ine.

P3

Arc section
P2

2 27

M Section lines make up the body plan of lines. ===
Po p1p2 line section



Secondary Curves for Hull Form Representation
- Buttock Line

M Buttock line is a curve located on a profile (lateral)
section (x-z plane).

M Buttock lines make up the sheer plan or buttock plan

of lines.
% n | J Jf

Example of buttock line of a 320K VLCC

S

i
il

\
\
=

N—
N—

o
= N

i

L/
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Secondary Curves for Hull Form Representation
- Water Line

M Water line is a curve located on a water plane (vertical)
section (x-y plane).

M Water lines make up the water plan or half-breadth
plan of lines.

1

Example of water line of a 320K VLCC

e Sz SYstem
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Secondary Curves for Hull Form Representation
- Seace Line (1/2)

M Space line is a curve located on a 3D space, as
compared with plane curve such as section line,
buttock line, water line, etc.

V] For the complicated hull form, space lines are
additionally required with plane curves for defining the
hull form.

Example of space line of a twin-skeg container ship

e N7 SYstem
%‘4 Design 30
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Secondary Curves for Hull Form Representation

- Space Line (2/2)

Generation
of space lin

Projection on y-z plane

Y

D

J

[~

Generation of 2D auxiliary line

31



Generation of Wireframes of Hull From

@ Input

B Primary curves, secondary curves

® Intersection

B Generation of intermediate curves such as water lines and
buttock lines through intersection between primary and
secondary curves

® Wireframes generation
B Generation of wireframes using ® and @

e g SYstem
%‘4 Design 32
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Wireframes Generation

Input

Wireframes generation using primary & secondary curves and water lines
: Primary curves, secondary curves
Output

: Water lines
=» Finally, wireframes are generated.

Primary curves

(profile line, bottom tangent line, ...)

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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Generation of Waterlines (1/3)

St.19.75  St.19 St.15

~ ® Waterlines are generated by intersecting
- - the hull surface with horizontal plane
at constant height, e.g., z=a

Z=a

E, Intersection points at z = a

| for generation of the waterline

e ESS82 SYstem :
Design . 34
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Generation of Waterlines (2/3)

Intersection points at z =a

Section line(station)

Interpolate all Intersection points at z = a by using a NURB curve

. . ®» | Generate Waterlines
®» Generation of a waterline at z = a

Repeat the above steps at different height

35



Example of waterlines of a 320K VLCC

Generation of Waterlines (3/3)

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh



Generation of Buttock Lines (1/3)

St.19.75  St.19 St.15

/, | / =» Generate a buttock line by intersection
calculation between ‘y = b’ plane and
all primary curves and section lines.

, Intersection points for generating
£~ the buttock line at ‘y = b’

o ‘%% §TSYsiem |
Tl
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Generation of Buttock Lines (2/3)

+ St.15
[5)

- %fff i
[

BB/

=

Section line(station)

Interpolate all Intersection points at y = b by using a NURB curve
®» Generation of a buttock lineaty =b

»

Generate Buttock Lines

Repeat the above steps at different breadth

§38



Generation of Buttock Lines (3/3)

Example of buttock lines of a 320K VLCC

éaﬁh\
zt\ﬁ%%%%la Jﬁ/# ghdd

N SYstem
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Hull Form Modeling of a 320,000 ton VLCC
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Hull Form Modeling of a Container Ship
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Hull Form Modeling of a Guided Missile Destroyer
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Hull Form Modeling of a Submarine
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Hull Form Modeling of a 100,000 ton
Nimitz Class Aircraft Carrier
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1.3 Learning Objectives
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Program Implementation of Generating a Hull Form Surface
by Using Single B-Spline Surface Patch (Term Project)

Given .

: .+ Points

Hull form surfaces
(surface model)

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh



Modeling of a Yacht Surface (1/3)

Determine the vertexes of tetragonal patch

» Example of a yacht surface generated by the Student during the lecture of “Planning Procedure of Naval Architecture and Ocean Engineering”, Second
Semester, 2005, Department of Naval Architecture and Ocean Engineering, Seoul National University

47
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Modeling of a Yacht Surface (2/3)

M Modeling result of a yacht surface passing through the given data
points that are located irreqularly in the longitudinal direction

6x14 points
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Hull surface data are
not enough provided

- Chap4. Term Project
Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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Modeling of a Yacht Surface (3/3)

M Modeling result of a yacht surface passing through the given data
points that are located nearly at same distance in the longitudinal
direction

11x11 points . o . ’ -




Modeling of the Hull Form Surface with a Bulbous Bow
by Using Only One B-Spline Surface Patch (1/2

Fore Body

l‘i
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Modeling of the Hull Form Surface with a Bulbous Bow

bx Using Onlx One B-Seline Surface Patch 32/22

Distortion
reduced by
providing
dense hull
surface data

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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1.4 Summary
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[Summary]
Representation of B-Spline Curve Passing Through Given Points

Given: Find:
| Poi h - Cubic B-spline curve r(u) that is
- Point p;on the curve passing through the point p; on the curve

- Knot u; of the point on the curve

- Tangent vectors t,, t, of both ends and satisfying continuity condition C2

- That is, to find is control points d; of B-
spline curve

x(u) | .
l‘(l/t)z y(u) :Z I(-Zi:r?\alc:ination!

i Z(Z/l) | i=0 Basis function

Coefficient

To represent the curve r(z), we have to find the coefficients,
i.e., the control points d,

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh
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Determination of Given: Find: |
B-Spline Control Points(d i) - Point p;on the curve - Cubic B-spline curve r(u) that is

- Knot u; of the point on the curve passing through the point p; on the curve
J

y - Tangent vectors t,, t, of both ends and satisfying continuity condition C2
- That is, to find is control points d; of B-

spline curve

Cx(u)] bt
r(u)=| y(u) :ZdzNzn(u)
d, zw)|
_______________ - _ i
........................... Q-..\.:.\\\\ t
....\\\\\\\ ds@

t _3(b15_b14) b. =b A6t E
| ) 14 15 1 @
D, = d()_ P A6 ? b ‘
Au,AA A, A A, : A A A : u,
Au, U u, 5 5 u e Ug
A 6 A Ug
Uy O : Given or Known values A
Au, : Ujo

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh



Determination of the B-Spline Control Points(d)
bx Using Tri-diagonal Matrix Solution

1 0 0 0 0 0 G
e I =R o 0 oY Wy
t, | [ A, A, d, r(u) =| y(u) de\’ (1)
P, 0 o B % 0 0 0 0 |d, z(u) ="
P, 0 0 a B, 7, 0 0 0 d, 15 .

= e¢. Whatis N'(u)?
P, 0 0 0 a B » 0 0]d, C;% i (u)
p. 0 0 0 0 a B 7 0]a.
t, O 0 0 0 0 0 ;—3 Ai d,

6 6

Ps o 0o 0 0 0 o o 1%
= = :X

Known Known Unknown

X=A"D

Since a matrix A is a tri-diagonal matrix, a matrix A-' is easy to obtain.

N“Uw‘ b?SYstem
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Basis Function(/N) of B-Spline Curve

- Cox-de Boor Recurrence Formula(B-Spline Function)

-
€. What is N'(u)?

B-spline curve

)

| Z(l/l) 1 Coefficient

D—1
n Linear
r(u)=| y(u) :gdiNi (1) Combination!

B-spline control points d.
Given | Parameter u
B-spline basis function N/ (u)
Find | B-spline curve r(u)
d2
d3
¢ ()
d, d,
1% i1
U u; u,
Uo =1 us
Basis function ts Us
u; u,
=0 =4

-----
.......
* *

= dlV, @+ diN] @+ diN, (uy+ i, @) +diN, ()

L4

. . .
......
----------------------

Example of Cubic B-spline curve

. -
a . ] .
--------------

= Cox-de Boor Recurrence Formula (B-spline function)

U—1u.
N (u) = =
Uisn1 — Ui,
N} (u) !
N\U)=
’ 0 else

N )+~ =2 N ()

ui+n

i+n I

if u,  <u<u,

Computer Aided Ship Design, II-1. Introduction, Fall 2013, Myung-Il Roh

Gt SNgSYstem
i@ Design . 56
~ IDlLaboratory




