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1. Hull Form and Hull Form
Coefficients
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What is a “Hull form”?

™ Hull form

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

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

| Hull form of the VLCC(Very Large Crude oil Carrier) |

Wireframe model Surface model
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Hull Form Design vs. Car Exterior Design

Q Hull form design

* A hull form is related to the resistance and
propulsion performance of a ship.

» Order production: new design for each order
» Large structure of about 100~400 m length
 The performance like speed and
deadweight is most important.

Q Car exterior design

« A exterior is related to the air resistance and
esthetic design of a car.

» Mass production: one time design for each
model

* The performance and esthetic design are
simultaneously important.

sydlab -
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Procedure of Car Exterior Design

| Idea Sketch & Rendering }—>| Tape Drawing }—>| Clay Modeling

Stylist
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Procedure of Hull Form Design

General Arrangement
and Hull Structure Design

Ifeedback l

Wireframes of Hull Form Fairing H Hull Form Surface |—'—>
feedback Joffset
| Basis Ship I—-I Variation Model Test |

| Naval Architectural Calculation/CAE |

>
Hull Form Design (@ =s=sssssssssnssassnsnsasansnssnnnnnnnannnnnnunannnnsn
* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering ¥, dlnb 9
ive Ship and Offshore Plant Design, Spring 2019 _Myung-1l Roh. ! =

Overview of Hull Form Design

M Procedures of hull form (wire frame) design
B Input or generation of hull form of basis ship
B Variation from basis ship to design ship

B Fairing of varied hull form

Input of hull form

of hull form

1 of basis ship

2

3 Hull form fairing
5 Performance evaluation |__| 4 Finish of hull form

Innovative Ship and Offshore Plant Design, Sopring 2019, Myung:Il Roh
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Coordinates for Hull Form Representation

Fore body

“Right-hand Coordinates”

Coordinates for Hull Form

Aft body
__ y-zplane
X-y plane: =

* Some systems use “Left-hand Coordinates” are used. x-z plane

l!dlﬂb 1
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Composition of Wireframes of Hull Form

M Hull form curves
B Primary curves
® They define .
® Profile line, bottom tangent line, side tangent line, etc.
B Secondary curves

® They define under the outer shape
defined by primary curves.

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

M Wireframes

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

fonovative Ship and Offshore Plant Desian. Soring 2019, Myung:l Roh f!dlﬂb 12
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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.

M Also called center line

- UL

—

Example of profile line of a 320K VLCC
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Primary Curves for Hull Form Representation
- Profile Line (2/2)
ofiile line on center plang (y 7 0 plane) /

P
7< = . .

#[|/ Skeg profile_line ¢n skeg
y~\\ i

Example of profile line of a twin-skeg container ship
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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)

AT T,

Example of bottom tangent line of a 320K VLCC
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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.

4 ~ J

Example of side tangent line of a 320K VLCC

gdl b
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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.

L //r__— I \\\
- M

Example of deck side line of a 320K VLCC
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Secondary Curves for Hull Form Representation
- Section Line

Example of section line
of a 320K VLCC

M Section line is a curve located on a cross \
(longitudinal) section (y-z plane).

M Stations are ship hull cross sections at a spacing of
Lgp/20, station ‘0’ is located at the aft perpendicular,
station '20" at the forward perpendicular. Station 10’
therefore represents the midship section.

M In generally, because the section lines are located at
the stations, they are calle .

M Section lines make up the of lines.

P4

Straight lin

St. 15

Ve

18
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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 or of lines.
\\\\\.ﬁ

Example of buttock line of a 320K VLCC
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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 or of lines.
| Entrance |

| Run | Parallel middle body
\

3 —— DLWL (Design Load Water Line)
Example of water line of a 320K VLCC = Design Draft
hip and Offshore Plant Design, Spring 2019, _Myung:Il Roh ’ dlnb 20
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Secondary Curves for Hull Form Representation
- Space 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.

M 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
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Secondary Curves for Hull Form Representation

- Space Line (2/2)

Generation procedure /
of space line -

22
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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 @

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh
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Wireframes Generation

| Wireframes generation using primary & secondary curves |

Input: Primary curves, secondary curves (section lines)
Output: Water lines and buttock lines
=» Finally, wireframes are generated.

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

gdl b 2
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Generation of Water Lines (1/2)

15
'_

" ® Generate a water line by intersection
- - - calculation between ‘z = a’ plane and
[ | __all primary curves and section lines.

g Intersection points for generating

the water line at ‘z = a’

lgdlﬂb 25
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Generation of Water Lines (2/2)

Intersection points at z = 0.5

section line (station)

Fitting using a NURB curve with all intersection points at ‘z=a’
» Generation of a water line at z=a

¥ Repeat this for the z position what we want.

Generation of water lines

f!dlﬂb 26
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Generation of Buttock Lines (1/2)

15
®

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

> Intersection points for generating
7 the buttock line at ‘y = b’
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Generation of Buttock Lines (2/2)

Intersection points at y = 28

- N\

LI

Fitting using a NURB curve with all intersection points at ‘y = b’
® Generation of a buttock line aty =b

section line (station)

¥ Repeat this for the y position what we want.

Generation of buttock lines

gdl b
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Example of Lines of a 6,300TEU Container Ship
- Fore Body
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Example of Lines of a 6,300TEU Container Ship
- After Body
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Example of Offsets Table of a 6,300TEU Container Ship

—— Waterline * Unit: mm

A T INN CITIRLIG
o [ _— - Si[a

.......................................................................................................................... !
T ¥ o 20000 O T

o=t Half-Breadth—

Stations [ | T T@ [w [ &[T -1 T+ o[ wm oo walwe ool o]

T

= [

JE—- L
£

= ]

S AR RSN KRRy GRPR-UpRps (SRt ASR) SRR PRSP AR SRR SRR R SPRPRSPRSY PSP S SRR RSP SR R S

sydlab

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh

Relationship Between Lines and Offsets Table (1/2)

Generation of offsets table
from the lines

Innovative Ship and Offshore Plant Design, Sopring 2019, Myung:Il Roh ’g.iimum.lm—
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Relationship

Between Lines and Offsets Table (2/2)

‘Waterline Centerline

Buttock line Section line at Station 19

"y

/" Half-breadth for St. 18|

Waterline at 18m

th for st. 19+

Waterline at 18m

Section line at Station 17 =
[“Half-breadth for each station}
+-at 18m waterline H

£13033%

- 17036}

ive Ship and Offshore Plant Design, Spri
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Hull Form Coefficients
- C; (Block Coefficient) and C, (Prismatic Coefficient)

C; (Block

coefficient) C; (Prismatic coefficient)

under water

hull form

A,: maximum transverse underwater area

under water

hull form

T = moulded draft

5T L.B-T L-4, C,

V = moulded volume of displacement V = moulded volume of displacement
L =length of theship (L, orLy, ) L =length of the ship (L, orLy, )
B = moulded breadth 4,, = midshipsection area

C,, = midship coefficient

fonovative Ship and Offshore Plant Desian. Soring 2019, Myung:l Roh f!dlﬂb 3
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Hull Form Coefficients
- Cy (Midship Section Coefficient) and C,, (Water Plane Area Coefficient)

Cy (Midship Section Coefficient) Cyp (Water Plane Area Coefficient)

A,,: maximum transverse underwater area A,,: water planearea

under water

hull form

A M C _ AWP
M = wp
BT L-B
A,, = midshipsection area 4, = water plane area
B = moulded breadth L =length of the ship (LWL or LBP)
T = moulded draft B =moulded breadth

lgdlﬂb 35
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Hull Form Coefficients
- Cyp (Vertical Prismatic Coefficient)

Cyp (Vertical Prismatic Coefficient)

Ayt water plane area

V = moulded volume of displacement
A, = water plane area
T = moulded draft

fanovative Shio and Offshore Plant Desion Soring 2019 Mwing:ll Roh f!dlﬂb 36
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Cp Curve (Sectional Area Curve)

= C, curve (or sectional area curve) is a diagram of transverse section areas

up to the designed water line, plotted on a base on length.

= This diagram may be made dimensionless by plotting each ordinate as the
ratio of the area A of any section to the area of the maximum section.

= This diagram represents the

e e afterbody i forebody
. parallel . R
run ’ middle body <—]—-> entrance
1.0 A
IS
D
2
= _ \%
g =
o L- AM
@ . . -
; 0.5} _ Areay e qurve
- troid
5 Areay, . . cen
.% Bounding box LCB
@
4
— rlcb
0 T 20
AP ¢4} F.P
station

Am

Sectional area curve or C,-curve and LCB (Longitudinal Center of Buoyancy)

Example of C, Curve of a 320K VLCC
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2. Hull Form Variation

lgdlﬂb 39

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh

Hull Form Variation (1/2)

M Design task for obtaining a hull form of a design ship
from the variation of that of a basis ship

Principal dimen: 7 tiondl.area curve Principal dimer

Loa 332.0m | curve) Hull form Loa 333.0m

Lbp 320.0m  |ome: il variation Lbp 320.0m |z
B 58.0m | Cii o B 60.0m | o
D 3t2m |3 0EE [} 30.5m

Td 20.8m Td 21.0m

b 0.8086 b 0.8088

\/\u‘ ;i _Hult'form model < M = _ Hutt'form model
ﬂ' —— of the deadweight &/ = of the deadweight
e 300,000ton VLCC 320,000ton VLCC

fanovative Shio and Offshore Plant Desion Soring 2019 Mwing:ll Roh f!dlﬂb 40
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Hull Form Variation (2/2)

M Categorization of Hull Form Methods

® Change of principal dimensions (Lgp, B, D, T)

® Change of hull form parameters (e.g, transom height, shaft center
height, bossing end radius, maximum deck height, bilge radius,
etc.)

® Change of Cg (actually, displacement) and LCB
® Miscellaneous dimensions (e.g., transom length, bulb length, etc.)

Transom
sanre,

SS=SSlmas

(Bulbous bow)

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh

l!dlﬂb 4

Procedure of the Hull Form Variation (Overview)

Dimensional Variation

Change of principal dimensions
(LB D)

Cp Variation
Change of Czand LCB

Hydrostatics Calculation

Check of the requirement No
for the hull form

Yes

Finish

gdl b
hip and. Qﬁ(hme Plant Design, Spring 2019, _Myung-Il Roh. ’ n
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3. Hull Form Fairing

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh
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Hull Form Fairing

M Design task for obtaining a hull form of high quality after hull
form variation

M A kind of touch-up process for the hull form
M Quality check by using Cp curve

gdl b
hip and. Qﬁshme Plant Design, Spring 2019, _Myung-Il Roh. ’ n
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Example of Hull Form of High Quality

|Example of a single skeg container ship|

—

Fore body

after body

lgdlﬂb 45
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Example of Hull Form of Low Quality (1/2)

=il

|Examp|e of a missile destroyer (DDG-51) |

XL 4%$80[¢2 HRQ OGNS RRVERFEEEED || 7 N mx=
RadOO ||[sabs|zsmns |

ype [ S(Sharel, T(Touch), FF4], C(Cu) Kikinuckie), Aércl Ninods),PPPofle Hand), (1) bt

ype [ S(Sharel, T(Touch), FFR), CICH), K(Knuckle), Atrc) Ninode), PPofle Hand) ) bt

Ready W 1.0 1,000 [ [7=53.057526, V=35 213694, 7=0,500008 [Lorg.=0.0 1n 122, Col

gdl b
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Example of Hull Form of Low Quality (2/2)

|Examp|e of a missile destroyer (DDG-51) |

-0.175T
-0.005T
1.005T
z.005T
3.008T
4.008T
5.008T
6.005T
7.005T
8.005T
5.008T
10.008T

0.0551
0.0811
0.1315
0.2722
0.4381
0.6070
0.7402
0.5389
0.9133
0.956¢
0.0884
1,0000

0.6261
0.6085
= 0.6427

HENSIONS >

<D I LE §9.050 M(49.30 %)

LO&= 153,78 K 0.000 M| 0.00 %)

LB P = 142.04 K 71.020 M(50.70 )
17.98 I 14.054 M*2(14.08 5 &Nj

DEPTH = 12.80 I 0.000 M{ 0.00 & LFF)
6.40 H(TF) 0.000 1
€.40 M(TA) 0.000 1

SPEED =  0.00 KIS cH = 0.8276 TS 2036.2 W2

FH 0.0000 VoL 8756.6 '3

10.003T
10.143T
11.005T
1z.00sT
13.008T
14.008T
15.008T
16.003T
17.003T
18.005T
18.765T
19.275T
19.525T
19.775T
20.00ST
20.285T
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1.0000
0.3977
0.3561
0.8908
0.5193
0.7414
0.6445
0.5367
0.4130
0.z748
0.1823
0.1715
0.2526
0.z420
0.1408
0.0000

4. Performance Evaluation of Hull
Form

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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Performance Evaluation of a Hull Form

B Hull form coefficients
B Hydrostatic tables and hydrostatic curves

B Traditional and standard series methods

B Regression based methods (Statistical methods)
B Direct model test

B Computational Fluid Dynamics (CFD)

B Dependent on coupled effect between hull form and rudder

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh ’!dlnb 49

Stability Performance
- Hydrostatic Values

Drafty,, Draftg,,,.: Draft from base line, moulded / scantling (m)
Volumey4(V), Volume,,: Displacement volume, moulded / extreme (m3)
Displacement,,4(A), Displacement,: Displacement, moulded / extreme (ton)
LCB: Longitudinal center of buoyancy from midship (sign: - Aft / + Forward)
LCF: Longitudinal center of floatation from midship sign: - aft / + Forward)
VCB: Vertical center of buoyancy above base line (m)

TCB: Transverse center of buoyancy from center line (m)

KM;: Transverse metacenter height above base line (m)

KM, : Longitudinal metacenter height above base line (m)

MTC: Moment to change trim one centimeter (ton-m)

TPC: Increase in Displacement,,y (ton) per one centimeter immersion
WSA: Wetted surface area (m?)

Cy: Block coefficient

Cywp: Water plane area coefficient

Cy: Midship section area coefficient

C,: Prismatic coefficient

Trim: Trim(= after draft — forward draft) (m)

NSNS NERAANEA

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh ’gdi“ ln‘ bn 50
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Stability Performance
- Hydrostatic Curve

M Hydrostatic curve: Curve for representing hydrostatic values

Draft Example of Hydrostatic Curve
20m --:
19m
18m — Awp [1:100) +5000
17m AV 1 Cwp [1:0.01) 0.6
16m = TPC [1:0.5) #57.5
16m ; ; e | = Am [1:10) -650
T4m -t B # ) 7 1= Cm (1:0.001) +0.8
13m | = Volume [1:1000) +0
1em p--: | Displacement (1:1000) -5000
L i S e Qe e W il T Ch[1i0.005) +0.15
10m 3 -+ o Cp (1:0.005) +0.1
9m p--t i == 8bh (1:100) 40
fm |- 4 KB [1:0.1] 40
fm i-- L BME[1:1)-30
6m KMU[1:1] 55
5m — LCB[1:0.1) 40
Am 0 — LCF[1:0.1) 40
3m iy - : s | = BMI [1:50) +0
2m -t feetd t g
im
om -

0 10 20 30 40 50 GO 70 B0 90 100 110 120 130 140 150 160 170 180 190 200

Ship and Offshore Plant Design, Spring 2019 _Myung-1l Roh. ’!dlnb 51

Resistance Performance
- Types of Ship Resistance Evaluation Methods

Ship resistance evaluation methods

Traditional and . Computational
. Regression based . . .
standard series Direct model test Fluid Dynamics
methods
methods (CFD)
E - Taylor Ei - BSRA series i i - Scott : - 2D extrapolation 3 - Advanced Navier-
3 - Ayre fi - SSPA series i i - Holtrop & Mennen | - 3D extrapolation : Stokes solution
! - Lap 11 - Series 60 H f ! capabilities for 3D
i - Auf'm Keller i: - Coaster P 1 : ' i flow around ships
! - Harvald i1 series Lo ; : : : !
L i DL ? E R :
. . . .
. . . .
. . . .
* John Carlton, Marine Propellers and Propulsion, 3 Edition, Elsevier, 2012
e St i, . D, i, 2. i sydlab -
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Resistance Performance
- Formula Proposed by Holtrop & Mennen

» =

® Additional pressure @ Model-ship
@ Frictional ® Appendage resistance of bulbous bow correlation
resistance resistance near the water surface resistance
[ [ [ I

i v I !
R, =R.(1+k)+R,p+R, +R, +R, + R,
t t t t

I i I I
Total ® Form factor of @ Wave ® Additional pressure
resistance the hull resistance resistance due to immersed

ﬁ transom immersion
7 g /

5

lgdlﬂb 53
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Resistance Performance
- Model Test in the Towing Tank

POW test
. KTI KQ: 7]0)

Self-propulsion test Propulsive coefficient
Ty Qrie 1) of model

l

Resistance test

(Rpy) Scale effect on ¢, w, 7,
I
Ship power and RPM Scale effect on Propulsive coefficient
DHP = ¢, x DHP; propeller (DHPy, npg) of ship

np = C, X Rpg

Model-ship correlation
(epi i)

* ng: The ratio between a propeller's efficiency attached to a ship (775 and in open water (7), that is, 7z = 705/70
lnnovative Ship and Offshore Plant Design. Spring 2019, Myung:Il Roh

f!dlﬂb 54
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Resistance Performance
- Computational Fluid Dynamics (CFD)

M A branch of fluid mechanics that uses numerical methods and
algorithms to solve and analyze problems that involve fluid flows

M Computers are used to perform the calculations required to
simulate the interaction of liquids and gases with surfaces defined
by boundary conditions.

Posmond) v
-
o
P
]
amean
.45“
ol
¥
Resistance test using CFD to optimize hull form Aerodynamic analysis of turbulence levels
over the helicopter flight deck
* Reference: STX Canada, US Marine
ive Ship and Offshore Plant Design, Spring 2019 _Myung:ll Roh ’!dln b 55

Maneuvering Performance
- Maneuverability

M Key measures of maneuvering capability
B Turning ability
B Course changing and Yaw checking ability
B Stopping ability
[ _Straight line stability and course keeping ability

Lo | e v. e 10/10 & 20/20 Zig-Zag Tests
'{//—*‘ﬁ“ \\ starsorp . ;
.“"/:‘/' MRS

e
Turning Circle Test

M A hydrodynamic derivatives of ship are required to predict
numerically its maneuvering capability.

bonovative Ship and Offshore Plant Desian Soring 2019, Myung-Il Roh f!d‘ﬂ b s
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Maneuvering Performance

- Methods for Estimating Maneuvering Capability

M Regression Analysis Results from Similar Ships (Semi-empirical

Methods)
M Theoretical Prediction Methods

M Model Tests (Experiments with Scale Models)
B Straight line test
B Rotating arm test
B Planar Motion Mechanism (PMM) test
B Free running (radio controlled) model test

M Full Scale Tests

B Tests of adherence to classification society standard

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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Maneuvering Performance
- Standards and Criteria of Maneuverability

Measiire of
Maneuverabilin

Turning Ability

Course Changing and
Yaw Checking Ability

Criteria and Standard

Manetiver

IMO Standard

Required for Optional Class Notation

Tactical Diameter

Advance
First Overshoot Angle

Second Overshoot Angle

Turning Circle

10710 Zig-zag test

TD < 5L
Ad < 45L
al0, < fi,,(LT)

al0, < fio:(L'T)

First Overshoot Angle 20120 Zig-zag test a20,<25
Imtial Turming Ability | Distance traveled before 10/10 Zig-zag test <251
10-degrees course change
Stopping Ability Track Reach Crash stop TR < 151
Head Reach None

Recommended, Not Required for Optional Class Notation

Straight-line Stability Residual turming rate Pull-out test r£0

and Course Keeping

Ability I " | ;
Width of instability Simplified spiral ay < fALV)

loop

Note) 1: For large, low powered vessels, 7R < 20L 2: Applicable only for path-unstable vessels.

{BS Guide
Requirement

Rated
| Rid>1

Not rated

| Ad <451
Rated

| Rtayo2 1
Not rated

| al0; < fio(LV)
Rated

| Rta = 1
Rated

| Riiz1
Not rated

| TR<15L
Rated
Ris= 1

Not rated
| r 0
Not rated
| ay SfLT)

* Reference: ABS, Guide for Vessel Maneuverability, 2006
hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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5. Generation of Hull Form Surface

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh

Igdlﬂb 59

Ship Shape (“Hull Form”) Design

| Hull form design | | Hull Structure Design |

|Section curve design|—

Frame lines

A=z

analysis (CAE)

' Structural

Shape data

Resistante
experiment
result Model test
2 0
3
CFD

* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering
Innovative Ship and Offshore Plant Design, Sopring 2019, Myung:Il Roh
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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.

P

Stiffeners for
preventing
the deformation

ive Ship and Offshore Plant Design, Spring 2019 _Myung-1l Roh. ’!dln b 61
Quality Requirement of a Hull Form Surface
Initial hull Detailed design
form design [ / Production design
Find: Smooth hull form surfaces
Given: Curve network
Within 3-5 mm

0 generation
\\%  of hull form
surface .«

-----------

5,000-1,000 mm

Requirements
= In the form of Bicubic B-spline

surface patches

= |ntersection
between surfaces

= Irregular topology
* In the form of non-

uniform B-spline = Max. distance error between given ~ and plane
curves curve network and generated = Validation of the
surface < tolerance* fairness
» 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.
Innovative Ship and Offshore Plant Design, Sopring 2019, Myung:Il Roh ’g.smumm_dlnb 62
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Initial or Basic Design Stage of a Ship

Hull form design [Compartment designJ [ Hull structure design ]

G&A
1 Arfangp

Resistance
experiment Ship calculation
result Shape data result

Structural
analysis result

Shape data Shape data

Ship calculation Finite element analysis

* CAD: Computer Aided Design
* CFD: Computational Fluid Dynamics

ydlab .

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh

Design Stages and CAD Systems for a Ship

Initial/basic design Detailed design Production design

The CAD model is generated
in the production design stage
AVEVA
Marine 2 ot
T;Is?g:‘) Block division drawin% :> Production
drawing
Production model of a building block uni
Agiph-
The CAD model is generuu-.u,
inithe detailed design stage.-
IntelliShip P EEEEESSEIE N
system & Block division drawin
Detailed model Production model of
of a whole hull structure a building block unit
. i
{ The CAD model can be generated »
e initial design stage. ¥, -
EzCOMPAR i 122 H
T and IEEEEEEEER li:lw,nlalgg
EzSTRUCT ¢ TR .
system # Block division drawin, =
Initial model of a whole hull structure Detailed model of a whole hull structure Generation of the production
material information

* TRIBON: CAD system (the exclusive use of shipbuilding), developed by Product of TRIBON Solution in Sweden
* IntelliShip: M-CAD system (the exclusive use of shi by Samsung Heavy ies, Odense shipyard in Denmark, and Hitachi Shipyard in Japai4
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Modeling Stages of the Initial or Basic Design

Hull form
modeling

Conceptual
design

Compartment

g Hull structure modeling
modeling

Determination of
principal
dimensions

Input of
basis hull form

hull form

Fai

g of hull form

[ Completion of
hull form model

Transformation of
compartment model

Ship calculation to initial hull
[
Generati structural model 4

compartment model

Modeling of
longitudinal

;ﬁﬁ structure system

M Longi. plate

M Longi. stiffeners
M Detailed longi.
parts

Modeling of
transverse
structure system

M Trans. plate

M Trans. stiffeners
M Detailed trans.

H parts

* Longitudinal structure system: Shell, Deck, Girder, Stringer, Longi. bulkhead, and so on
* Transverse structure system: Trans. bulkhead, Web frame, and so on 65

6. Appendage Design

7ydtab «
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Appendage Design
- Example of a Propeller

M Ship: 4,900 TEU Container Ship
M Owner: NYK, Japan

M Shipyard: HHI (2007.7.20)

M Diameter: 8.3 m

M Weight: 83.3 ton

M No of Blades: 5

ydlab o

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh

Appendage Design
- Propeller

b\A

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh ’gdi“ ln‘ bn 68
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Appendage Design

(= E2SHIP - [EzHULL2 - C:WDocuments and SettingsWAdminid
W] Eile Edit View Build Window Help

D e e suaan e [rfz]
B A eI EsE T
|[ri g mxires| anaa |ann

.
= 5] SystemPrc * .
+ 69 RUDDE

- Design of Bolster, Anchor Pocket, and Rudder

&

“ennst

* [Comman a7
MSG: Fit done,
mmmmmm d>

&l [

- PW 100,00, 0/SL:0.0.0. 01 [1,000 = [X= 209,953680, Y= -32.281970, 2= 0,000000 Long,=0.0. Lat, 0.0

7. Examples

of Hull Form Design

rydtab n
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Hull Form Design of a 320K VLCC
Principal Particulars |
Item Value Remark
LOA 332.0m
LBP 320.0 m
Principal B 60.0 m
Dimensions
D 30.5m
Td/Ts 21.0/22.5m
Cargo Capacity 320,000 MT atTs
Speed 16 knots at Td
Type SULZER 7RTA84T-D
Main Engine MCR 39,060 PS x 76.0 rpm
NCR 35,150 PS x 73.4 rpm
Propeller Diameter 10.2 m
ive Ship and Offshore Plant Design, Spring 2019 _Myung-1l Roh, ’!dlnb n

Hull Form Design of a 320K VLCC
- Wireframe Model

¢ EzSHIP - [EZHULL - D:WMy Document s W20l ALE WAHET| B & 1_200244 1587 WEZHULL WNew_2002-06-27W 0 £ AR WVLC
] File Edit View Project Build Tools Window Help

DS :2e82|erEaalons NRUED HEENED |
SR KER[[ XL LHBBO [ AN A=
e VA XX 3

=

Ready. = [PW 1.0 1,000 = [X=209.652750, V=-05,023430. Z=0 000000 [Long. 0.0, Lat 0.0 Ln 4. Col 3 |

gdl b -
hip and. Qﬁ<hme Plant Design, Spring 2019, _Myung-Il Roh. ’ n
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Hull Form Design of a 320K VLCC
- Surface Model

(sWZOI R WA =l&lx|
Miew Project Build Tools Window Help =leix|

| "2gl2]|erEadons NROED HEEYNED |
oo SBR[ ELLHDDB [ AN
Ir5rdsgNt]/|anacdeo||ssnssmann =] 6 tafotsurt

SSISI

g

@

Done E
fcommand>t
t Done
lcommand> Z‘
Feady = [PW 1.0 1,000 [+ [#=-38, 105686, V=0,000000, =195, 391955  [Long, 0,0, Lat=00 [ L 784, Col 3 [Fe:

I
_ o sydlab
Ship and Offshore Plant Design. Spring 2019 _Myvung-1l Roh

Hull Form Design of a 320K VLCC
- Cp Curve

E2SHI

HULL - [E2HULL] 18]
Fio Edk Yew Project fuld Ioos Window tep T

clsdlsmelst|esrmaqloneRAQEw|H
R el R I EE R
S rrdrrst |eracdee |sanssaaen

5[5 SvatemProject
5 SyskemBlock_Wire
& st

IF =] & % [atsunt =l \

et SystemProject
=}

o
583 forsut

I

3o mamsmy

22 wedcelon B Ry R
£ SystemBlock_solid s T LI @ e sow

[ [S— |
EzHULLI

 [generate hull surface | Enter Xaurace o REIock namelall suacesl=17s - |
jgenerate hull surfacs : Create Surfaces?  Y[Enter] / N)>y)
jafisurt parrsurt-forsu

]
Icommand> sec.
icommand> &
Ready [FPwTaro00 [* = 31501923 [Long =0.0, Lat.=0.0 [ 96, Col 3 [Read

gdl b
hip and. Qﬁ<hme Plant Design, Spring 2019, _Myung-Il Roh. ’ n
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Hull Form Design of a 145K CBM LNGC
Principal Particulars |
Item Value Remark
LOA 282.6 m
LBP 271.6 m
LU B 43.4m
Dimensions
D 26.5m
Td/Ts 11.3/12.0m
Cargo Capacity 145,216 CBM at Td
Speed 20.2 knots at Td
Type Mitsubishi MS 40-2
Main Engine MCR 38,709 PS x 83.0 rpm
NCR 34,838 PS x 80.0 rpm
Propeller Diameter 8.28 m
ive Ship and Offshore Plant Design, Spring 2019 _Myung-1l Roh, ’!dlnb 75

Hull Form Design of a 145K CMB LNGC
- Wireframe Model

= E2SHIP -~ [EzHULL - D:WMy Document S W2 OI R WA UEJ| E 70200244 1811 WEZHULLWNew_2002-06-27W 30 +E 1 S WLNG)
T Elle Edit View Project Bulld Tools Window Help

DG :me& e

» #QQ s NROE v HEEMAEMD |
L LA I L LI AT
e VA XX

_ o ydlab =
hip and Offshore Plant Design, Spring 2019, Myung-Il Roh 4
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Hull Form Design of a 145K CMB LNGC
- Surface Model

oject
elae|e

G SRR B[ LB BB[ A=

LFrAL &N

2 ve
Bl >

tavacdeolssnssaasn

=16t fosurt ]

sl
lsix|

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh

EzHULLL
P =
|
Ready [~ [PW 1.0 [1,000 [+ [¥=—35, 77900, V=0, 000000, 2= 44337 [Long.=0.0, Lat=0,0 [ Lri 255, Col G [Fead
ive Ship and Offshore Plant Design, Soring 2019 _Myung-Il Roh ’!dlnb w
Hull Form Design of a 182K Bulk Carrier
Principal Particulars |
Iltem Value Remark
LOA 292.85m
LBP 282.7m
Principal B 46.7m
Dimensions
D 25.8m
Td/Ts 17.9/17.9m
Cargo Capacity 182,000 MT at Td
Speed 14.5 knots at Td
Type B&W 7S60MC-C
Main Engine MCR 17,940 BHP x 93.0 rpm
NCR 15,249 BHP x 84.5 rpm
Propeller Diameter 7.91m
sydlab
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Hull Form Design of a 182K Bulk Carrier
- Wireframe Model

D@ hRl@]er macons XaOEw BEAHEGE |

oo NN R [ L HP DB [ AR

Ir5rdsaNt]/anacdoe|ssnssmann =] tafosurt

sl
lsix|

ave Successiully 1T

lcommand>1d

lspen projsct : Enter file name(,an) [Dialog Enter]>
(Open Successfully 1!

= FW 101,000 [+ [¥=279, 156250, V=31 45010

£ Long.00, Lat=00 L 600 Col & |

ship and Offshore Plant Design. Spring 2019_Myung:Il Roh
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Hull Form Design of a 182K Bulk Carrier
- Surface Model

My DocumentsW212I K12 W AU E &1 _200;
T Elle Edt View Project Bulld Tools Window Help

D :mRé?|er #acons Xa0Ee BEEHES |
oo SRR B L LB A=

IrrrdssNt]|anadeo|ssnssaasnlf
ILL

5 SystemBloc

race or ¥Block name(all surfaces(+1)>+
uface or (Eloth s
e

= PW 101000 = 250, V-

Long. =00, Lat=0.0

sl
lsix|
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Hull Form Design of a 9,000 TEU Container Ship

Principal Particulars |
Item Value Remark
LOA 356.18 m
LBP 341.18 m
sl B 45.3m
Dimensions
D 27.0m
Td/Ts 14.0 / 14.0 m
Cargo Capacity 9,012 TEU at Td
Speed 25.0 knots at Td
Type HSD B&W 12K98MC-C
Main Engine MCR 91,491 PS x 94.0 rpm
NCR 77,767 PS x 89.0 rpm
Propeller Diameter 9.70 m
i Ship and Offshore Plant Design, Spring 2019 _Myung-1l Roh. ’!dlnb a1
Hull Form Design of a 9,000 TEU Container Ship
- Wireframe Model
= E2SHIP - [EzHULL - D:#My Document s WZEOI K1 W A1) B £41 200244 1511 WEZHULL W ew_2002-06-27W0 4 H R 2 W2E =le(x|
T Flle Edit View Project Bulli Tools Window Help 8] x|

DSH :2e8?|erEaalens NRUED HEENED |

SBR[ LB B [N waR

rrrdsedt]sraded]snns [saasn

n) [Dialog Enter]>

[EPW 101,000 [<=18 777583, V=5

B0, 20000000 [Long 0.0, Lat =00 L 539, C

=

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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Hull Form Design of a 9,000 TEU Container Ship
- Surface Model

sl
lsix|

Vew Erject Buld Tools indow Holp
I "egl2]|erEacons NROED HEEYNED |
Do MR LHUDBB [ A=
rrrdses]|anacolo ZEEET R =] @ tafosurt

de B b

Enter ¥Surtace or XBlock name(all surfaces+1)>+
(Wireframe (S)urface or (B)oth »s
mittor view | (S)how or (H)ide 75

Ready = [PW 101,000 [~ [7=308, 17006, V=0 Long. 0.0, Lat=00] L7 553 C

lgdlﬂb 83
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