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

M Hull form

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
™ 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 -

lonovative Ship and Offshore Plant Desian. Spring 2017, Myung:Il Roh

Procedure of Car Exterior Design

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

Stylist

Engineer
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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 I-'->
feedback joffsel
| Basis Ship |—>| Variation Model Test |

| Naval Architectural Calculation/CAE |

o
Hull Form Design |@essssssssssssssussasunsnnnsnsnsnnsnnsnnnsnnnnnnnnnns
* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering
lonovative Ship and Offshore Plant Design, Spring 2017, Mvung:Il Roh ’!dm lnnn bﬂ 9

Overview of Hull Form Design

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

B Fairing of varied hull form

1

Input of hull form

of hull form

of basis ship
2
3 Hull form fairing
5 Performance evaluation 4 Finish of hull form

ydlab «
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Coordinates for Hull Form Representation

Fore body

“Right-hand Coordinates”

Coordinates for Hull Form

Aft body
Y-z plane

x-y plane ::—,-_

* Some systems use “Left-hand Coordinates” are used. X-Z Plane
bnnovative Ship and Offshore Plant Design, Spring 2017, Mvung:1l Roh ’!"‘ lﬂn b 1"

Composition of Wireframes of Hull Form

™ Hull form curves
H 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

bonovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Roh l“‘“ﬂb 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

- U1 {1

—

Example of profile line of a 320K VLCC

lnnovative ship and Offshore Plant Desin, Spring 2017, Myung:Il Roh '!mmmu_"“b 13
Primary Curves for Hull Form Representation
- Profile Line (2/2)
ofiile line on center plane (y 7 0 plane) /

P
+[|/Skegprefile line on skeg M
o | R R S S

o

i

Example of profile line of a tan-skeg container ship

l!dlﬂb 14
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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)

ulllBESSHE T

Example of bottom tangent line of a 320K VLCC

lnnovative Ship and Offshore Plant Design, Spring 2017, Myung. ILRoh ’!dlﬂb 15

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.

HILL N J

Example of side tangent line of a 320K VLCC

bonovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Roh l!‘"ﬂb 16
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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.

T —
| T | — ™~
|
fm/

Example of deck side line of a 320K VLCC

lnnovative Ship and Offshore Plant Design, Spring 2017, Myung. ILRoh ’!dlﬂb 17

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 Iperpendicular,
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 liny

St. 15

e

P;

Arc

P2

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.

Wl B

Example of buttock line of a 320K VLCC

lnnovative Ship and Offshore Plant Design, Spring 2017, Myung. ILRoh ’!dlﬂb 19

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.
| Run | Parallel middle body | Entrance |
|

Example of water line of a 320K VLCC — ng’eLS;;:gga"ﬁLoad Water Line)
nnovative Ship and Offshore Plant Desian. Spring 2017, Myung:ll Roh ’!‘"ﬂb 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.

"'-.."‘""-..*- — e
e e :Lat-":-_:—"'%-_
-'-—_

Example of space line of a twin-skeg container ship

2017-12-27

I!dlﬂb 2

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh

Secondary Curves for Hull Form Representation

- Space Line (2/2)

I

Generation procedure /
N //

of space line

22
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Generation of Wireframes of Hull From

@ Input

W 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 @

lnnovative Ship and Offshore Plant Design, Spring 2017, Myung. ILRoh ’!dlﬂb 23

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, ...)

ing 2017, Myung-Il Roh I!G"ﬂb 24
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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’

il 17, Myung.| 1l Roh
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Generation of Water Lines (2/2)

Intersection points at z = 0.5

e
e

i—

section line (station)

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

¥ Repeat this for the z position what we want.

Generation of water lines

ydlab =

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh
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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’

i 17, Myung:| 1l Roh ’!dlﬂb 27

Generation of Buttock Lines (2/2)

Intersection points at y = 28

_ _\

L

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

bonovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Roh l!‘"ﬂb 28
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Example of Lines of a 6,300TEU Container Ship
- Fore Body
] = oo |
40e B e } mE
e B I e \) 7 iI
== == e
— P wrt S s 5
— . = U;
Jnnovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Rob ’!dl‘b 20

Example of Lines of a 6,300TEU Container Ship
- After Body
e =
e
/{“‘“/ “"//-\'m - P ———
Junovative Shio and Offshore Plant Desian, Soring 2017, Mvung:Il Roh l“(“ﬂb 30
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Example of Offsets Table of a 6,300TEU Container Ship

— Waterline

NO. | BOTT
oM

LINE

Wl

wi Wi wi

‘I::F‘*\;' Half-Breadth

Stations

1 1
1 s

1 w57

i

I Bl 1

s 673 81 =

19 m w3, [
195 ) 165 5
w 310

Innovative Ship and Offshore Plant Design, Spring 2017, Myung:Il Roh

Relationship Between Lines and Offsets Table (1/2)

Generation of offsets table

% from the lines

Offéeté v{afbieﬁ i

2017-12-27
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Relationship Between Lines and Offsets Table (2/2)

‘Waterline Centerline
\ N,

Buttockline  Section line at Station 19

s

alf-breadth for St. 18] ™

N2

Section line at Station 17 |

Waterline at 18m

Waterline at 18m

=

g i =
ﬂf**fHa'If-bl"eadth for each station
i-at 18m waterline ‘
i i ==
e o o ] [

lonovative Ship and Offshore Plant Desian. Spring 2017, Myung:Il Roh

Hull Form Coefficients

- C; (Block Coefficient) and C, (Prismatic Coefficient)

C; (Block coefficient)

C; (Prismatic coefficient)

under water

hull form

5T L.B-T

V = moulded volume of displacement
L =length of theship (L, orL,, )

B = moulded breadth

T = moulded draft

A,: maximum transverse underwater area

under water
hull form,

V = moulded volume of displacement
L =length of the ship (L, orLy, )
A,, = midshipsection area

C,, = midship coefficient

ydlab s

2017-12-27
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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

under water

hull form

M

“B-T

Cu

A,, = midshipsection area
B = moulded breadth
T = moulded draft

Ayp: water planearea

4y, = water plane area

L =length of the ship (LWL or LBP)

B = moulded breadth

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh

I!dlﬂb 35

Hull Form Coefficients

- Cyp (Vertical Prismatic Coefficient)

Cyp (Vertical Prismatic Coefficient)

e

Ay,p: water planearea

T-4

wP

A, = water plane area
T = moulded draft

V = moulded volume of displacement

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh
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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

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

sectional area coeffiecint

0.5}

aftarbody

forebody

parallel —-entrance —-—f

T
)

middle body ‘1

\Y%
Cp=——
L-A,

— AreaUnder curve

Ar €5 unding box

—

centroid
LCB

F—ch

A

Am

0 1

AP e}

station

F.p

Example of C, Curve of a 320K VLCC

-0.335T 0.0134

4
CE - D.Tm
cer - 0.9152
CEh - D763

/e

EARNNAY

T T T T
<DIMEWNESIONS > I/E - 52133 IE - 20000 &(35.00 A%
Ioh- 107w BT - 3.0000 IX - 93,200 M(31.00 %)
IEE - 220000 i CE - DlzImd TR - 140900 (S 00 b
Bhi - .on b CEF - D.3130 REE - 201.282 B°2016.32 % RN}
DEETH - Z0.00 ¥ CER - D.7627 mLo- 70487 M 3.32 % LEED
DRRFT - 20.00 W(IE) ICE - .48 ¥ LEP cH - [T

- 200D WirA} YCE - 10.26 bIn - TR
SEEED -  0.00 AI C¥ - 0.9976 (ER - 2.60 W} WSh - 27921.% M2

- ooon % - D.ales YOL - 3213294 #°3

T - 3313l

10,0041 1.0000
15.00£ 10000
16,0041 0.5862
17,0082 0.8747
17,3081 0.8424
1z 00T 0.3773

20,4741 0.0000

ydlab =
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2. Hull Form Variation

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh

I!dlﬂb 39

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

) |Sectionatarea curve

CJ curve) Hull form
Lbp. 320.0m - i 1L variation
8 58.0m

D 31.2m

Td 20.8m

Cb 0.8086

‘/\ ““ _Huttform model H = _ Hult form model
?& ~~" of the deadweight &/ of the deadweight
/ 300,000ton VLCC 320,000ton VLCC

ydlab «

2017-12-27
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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 C; (actually, displacement) and LCB
® Miscellaneous dimensions (e.g., transom length, bulb length, etc.)

Transom
ena,

S

(Bulbous bow)

i 17, Myung:| 1l Roh ’!dlﬂb 41

Procedure of the Hull Form Variation (Overview)

Dimensional Variation

Change of principal dimensions
(L B D

C, Variation
Change of Czand LCB

Hydrostatics Calculation

Check of the requirement No
for the hull form

Yes

Finish

bonovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Roh l!‘"ﬂb a2
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3. Hull Form Fairing

lnnovative Ship and Offshore Plant Design, Spring 2017, Myung. ILRoh ’!dlﬂb 43

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 C; curve

nnovative Ship and Offshore Plant Desian. Spring 2017, Myung:ll Roh ’!‘"ﬂb 44
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Example of Hull Form of High Quallty

‘Example of a single skeg container ship ‘

Fore body

after bo‘ay'

lnnovative Ship and Offshore Plant Desian. Soring 2017, Myungll Roh

I!dlﬂb 45

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

[Example of a missile destroyer (DDG-51)|

“2a 006 XNAQEY EEEBHE [|# N~ =

IE Y

51Share]. T(Touchl, FFi, CICw, KKnuckle, Afd), Ninodl, iFrofis Handlel, fal) b
{51Share). T(Touchl, FFi, C{Cul, KKnuckle, Afde), Ninod, Profs Handle), el bt

ydlab

2017-12-27
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Example of Hull Form of Low Quality (2/2)

‘Example of a missile destroyer (DDG-51) ‘

-0.175T 0.0551
-0.005T 0.0611
1.005T 0.1315
2.005T 0.2722

0.6261
3.008T 0.4381 0.6085
4.005T 0.6070 = 0.6427

5.005T 0.7402
6.00ST 0.5389
7.005T 0.9133
5.005T 0.956%
9.005T 0.986%

10.00ST 1.0000

ENSIONS» 7.7903 §9.050 M(49.30 %)
153.78 X z.6796 0.000 M{ 0.00 %)
142.04 X 0.5080 71.020 H{50.70 %)
17.98 1 0.4994 14.054 M 2 (14.08 & 4H)
12.80 I 0.5269 0.000 M( 0.00 % LPP)

€.40 H(TF) -0.20 = LPP 0.000 1

6.40 M(TA] 4.03 1 0.000 B

0.00 KT3 0.8276 2936.2 M2

0.0000 cu 0.0000 8756.6 '3

ENT = 4.0285

10.00ST
10.145T
11.008T
12.005T
15 .008T
14.008T
15.008T
16.00ST
17.00ST
13.008T
18.765T
19.278T
19.528T
19.778T
20.005T
20.285T

1.0000
0.9977
0.9561
0.8906
0.8193

0.0000

uovative Ship and Offshore Plant Desian, Soring 2017, Myung-ll Roh ’!q lab «~

4. Performance Evaluation of Hull
Form

bunovative Ship and Offshore Plant Desian, Soring 2017, Myung:ll Roh ’!dm lnnn b 48
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Performance Evaluation of a Hull Form

B Hull form coefficients
® Hydrostatic tables and hydrostatic curves

W Traditional and standard series methods

W Regression based methods (Statistical methods)
H Direct model test

B Computational Fluid Dynamics (CFD)

B Dependent on coupled effect between hull form and rudder

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh

I!dlﬂb 40

Stability Performance
- Hydrostatic Values

Drafty; , Draftg,,,.: Draft from base line, moulded / scantling (m)
Volumey,;,4(V), Volume,: Displacement volume, moulded / extreme (m3)
Displacement,,(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,, (ton) per one centimeter immersion
WSA: Wetted surface area (m?)

Cy: Block coefficient

Cyp: Water plane area coefficient

C,i: Midship section area coefficient

C,: Prismatic coefficient

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

NN ANNEA

lnnovative Ship and Offshore Plant Desian, Soring 2017, Myung.| Il Roh

ydlab =

2017-12-27
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Stability Performance
- Hydrostatic Curve

M Hydrostatic curve: Curve for representing hydrostatic values

Cp (1:0.005) +0.1
— Sbh (1:100) +0

Bm — KB [1:0.1] +0
m — BMt(1:1]-30
6m KMt(1:1] 55

|7 LCB(1:0.1) +0

4m — LCF[1:0.1) +0
3m — BMI [1:50) +0
Zm | = KMiI (1:50) 500
1m — MTC [1:20)-1800
Om

0 10 20 30 40 50 60 70 @80 90 100 110 120 130 140 150 160 170 180 190 200

Drat Example of Hydrostatic Curve

20m e

19m f--it-

18m |-t 1= Awp [1:100) +5000
17m |-t Cwp (1:0.01) 0.6
16m — TPC [1:0.5) 457.5
15m — Am [1:10) -650

14m = Cm[1:0.001) +0.8
13m — Volume [1:1000) +0
12m - Displacement [1:1000) -5000
1Mm |-t Ch (1:0.005] +0.15
10m

Jnovative Ship and Offshore Plant Design, Soring 2017, Myung:Il Roh ’!dlﬂb 51

Resistance Performance
- Types of Ship Resistance Evaluation Methods

Ship resistance evaluation methods

Traditional and . Computational
N Regression based : X :
standard series Direct model test Fluid Dynamics
methods
methods (CFD)
! - Taylor !| - BSRA series | ! - Scott : | - 2D extrapolation | - Advanced Navier-
E - Ayre i | - SSPA series : i - Holtrop & Mennen | i - 3D extrapolation : Stokes solution
' - Lap 11 - Series 60 I H ! ! capabilities for 3D
i - Auf'm Keller i - Coaster : ; flow around ships
! - Harvald i1 series H '
. . . .
. . . .
. . . .
* John Carlton, Marine Propellers and Propulsion, 3 Edition, Elsevier, 2012
lnnovative Ship and Offshore Plant Design. Soring 2017, Myung:Il Roh ’lmmmm—dlnb 5
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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 I I

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

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

= — transom immersion

7~ P

- \

lnnovative Ship and Offshore Plant Desian. Soring 2017, Myungll Roh

Resistance Performance
- Model Test in the Towing Tank

POW test
(04 Ky, KQ: 7]0)

Self-propulsion test Propulsive coefficient
(Type O 1yy) of model

l

Resistance test

(Rpp) Scale effect on 1, w, 7,
Ship power and RPM Scale effect on Propulsive coefficient
DHP = ¢, x DHP; propeller (DHPg, npg) of ship
Hp = C, X Rpg

Model-ship correlation
(cpr €,)

7z The ratio between a propeller's efficiency attached to a ship (7, and in open water (7), that is, 7z = 755/70
novative Ship and Offshore Plant Desian. Spring 2017, Myung:ll Roh s “‘“ﬂb 54

2017-12-27

27



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.

Aerodynamic analysis of turbulence levels
over the helicopter flight deck

Resistance test using CFD to optimize hull form

* Reference: STX Canada, US Marine ’“dlﬂb 55

Innovative Ship and Offshore Plant Design, Spring 2017, Myung:Il Roh

Maneuvering Performance
- Maneuverability

M Key measures of maneuvering capability
B Turning ability
B Course changing and Yaw checking ability
B Stopping ability
[ ?traight line stability and course keeping ability
10/10 & 20/20 Zig-Zag Tests

v, Bideg)

N
STARBOARD
First Overshoot Angle, 10,

Turning Circle Test

Distance

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

l!‘“ﬂb 56

2017-12-27
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Maneuvering Performance

- Methods for Estimating Maneuvering Capability

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

M Regression Analysis Results from Similar Ships (Semi-empirical

lnnovative Ship and Offshore Plant Desian. Soring 2017, Myungll Roh

I!dlﬂb 57

Maneuvering Performance
- Standards and Criteria of Maneuverability

Measure of Criteria and Standard Manenver IMO Standard

ABS Guide

Recommended. Nor Required for Optional Class Notation

Maneuverability | Requirement
Required for Optional Class Notation
Turning Ability Tactical Diameter Turning Circle ID<5L Rated
| | Rid=1
Advance Ad <450 Not rated
| | | | | Ad <451
Course Changing and | First Overshoot Angle 10/10 Zig-zag test | al0, <f,q,(L'T) Rated
Yaw Checking Ability Rt =1
Second Overshoot Angle al0, < fio,(L'T) Not rated
al0, < fio:(L7)
First Overshoot Angle 20120 Zig-zag test | a20, <25 Rated
Rty > 1
Initial Turning Ability | Distance traveled before 10/10 Zig-zag test | f,, <2 5L Rated
10-degrees course change Riiz1
Stopping Ability Track Reach Crash stop TIR<I5L" Not rated
TR<15L"
Head Reach None Rated
| Ris> 1

Straight-line Stability
and Course Keeping

Abihity

Residual tuming rate Pull-out test r#0

Width of mnstability - Simplified spiral ay < fALT)

loop

r=0

Not rated

Not rated
ay < fALT)

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

* Reference: ABS, Guide for Vessel Maneuverability, 2006
lnnovative Ship and Offshore Plant Design. Soring 2017, Myung:Il Roh
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5. Generation of Hull Form Surface

Jnovative Ship and Offshore Plant Design, Soring 2017, Myung:Il Roh ’!dlﬂb 59

Ship Shape (“Hull Form"”) Design

| Hull form design | | Hull Structure Design |
H
|Sectlon curve design ->| Fairing |—>| Curve network H Hull form surface }——>| Frame lines ulldset;cnture

Resistange

experiment

result Model test
Di . - Shape data
imensional variation g 0

F
CFD

* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering ’“dlnb 60
lnnovative Ship and Offshore Plant Design, Soring 20

17 Myvung:1l 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.

; Curved

Stiffeners for
preventing
the deformation

l!dl‘lb 61

Quality Requirement of a Hull Form Surface

Detailed design
—l [ / Production design

Initial hull
form design

Find: Smooth hull form surfaces
Given: Curve network

Within 3-5 mm

" Automatic -,
{ generation
of hull form
surface .+

.......

5,000-1,000 mm

Requirements
- Irregular topology = |n the form of Bicubic B-spline = Intersection
= |n the form of non- surface patches between surfaces
uniform B-spline = Max. distance error between given ~ 2nd plane
curves curve network and generated * Validation of the
fairness

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.

lnnovative Ship and Offshore Plant Design. Soring 2017, Myung:Il Roh
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Initial or Basic Design Stage of a Ship

[ Hull structure design ]

[ Compartment design ]
/S

Hull form design

G%-A

(Genergl Arfangpment

omputationa

Structural
analysis result

Resistance
experiment
Shape data result

Ship calculation

Shape data result Shape data

Finite element analysis

Ship calculation

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

l!dlﬁb 63

Innovative Ship and Offshore Plant Design, Spring 2017, Myung:Il Roh

Design Stages and CAD Systems for a Ship

., The CAD model is generated
in the production design stage

Detailed design

Initial/basic desig i i

AVEVA et
Marine BEE i
Block division drawin% Productior

(TRIBON)
system N
drawing
Production model of a building block uni:

The CAD model is generated
detailed design stage :

Il '
I
H\| {m )

IntelliShip
system W\
Detailed model Production model of
of a whole hull structure a building block unit
The CAD model can be generated
g al design stage.
EzCOMPAR T
T and EEEEEEEEEEEEEN EENEREEEREN
AL Block division drawin T
system S
Generation of the production

Initial model of a whole hull structure Detailed model of a whole hull structure Gl 3
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

Odense shipyard in Denmark, and Hitachi Shipyard in Japafid
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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

Input of

basis hull form
hull form

Fai

g of hull form

[ Completion of
hull form model

Definition of
ship compartment Transformation of

compartment model
to initial hull

Modeling of
longitudinal

% structure system

M Longi. plate

M Longi. stiffeners
M Detailed longi.
parts

Modeling of
transverse
structure system

Trans. plate
Trans. stiffeners
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

ydlab

lnnovative Ship and Offshore Plant Design. Soring 2017, Myung:Il Roh
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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)

¥ Diameter: 8.3 m

M Weight: 83.3 ton

¥ No of Blades: 5

I!dlﬂb 67

Appendage Design
- Propeller

bonovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Roh l!‘"ﬂb 68
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Appendage Design
- Design of Bolster, Anchor Pocket, and Rudder

= EzSHIP — [EzHULL2 - C:wi nts and Settings¥Adminid

Tl File Edit Miew Build
DBk ?|¢r 6uaaN 0 BEEHL . 7
e R AL eI s 1
rFeds g zes|praasmn

EzHULL ~
e
=[] SystemPrc RSN
9 RUDDE N
@ sal .
=69 pal 2
= sl o,
-6 ANCHC
& BOLST
6 Systen
& Systen

er

=

nnnnnnn

x
W‘
23
B
[l

= [PW1,000,10,10, 0/SLi0, 0,0, 0] [1,000 [+ = 209953680, V= -32,281970, Z= 0000000 [Long,=0,0, Lat.=0,0 |

7. Examples of Hull Form Design

boovative Ship and Offshore Plant Desian, Soring 2017 Myung-ll Roh l!dlﬂb 70
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Hull Form Design of a 320K VLCC
Principal Particulars |
ltem Value Remark
LOA 332.0m
LBP 320.0 m
jalialEl 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
Junovative Shio and Offshore Plant Desian, Soring 2017, Mvung:Il Reh ’g.mmmu_dl'“b i

Hull Form Design of a 320K VLCC
- Wireframe Model

ZWVLC( 8] x]
~lslx|

[ EzSHIP - [EZHULL - D:#My Doc:
‘|F\ Ed«VewPAtB\dTI .
Dl im=r&le || e HRQ @S XROER MEMEEEA

ERIEET-] »uuﬂux‘wuaa@@\/w 1% A=
rrrNs Nt |anadde|sanssananlf

EEE =l

=

Feady = [PW 101,000 = [=209,55250, V=-05,023430. Z=0 000000 [Long, 0.0, Lat 0.0 Ln . Col & [Fead

bonovative Ship and Offshore Plant Desian, Soring 2017, Myung:Il Roh l!‘"ﬂb 72
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Hull Form Design of a 320K VLCC
- Surface Model

= EzSHIP - [EZHULL - D:WMy DocumentsW2t 2| AHE WA 7] 2 &1 _20024 157 WEZHULL WNew_2002-06-27% 5 +H Al /LCCHVLC =18 x|
T File Edit View Project Build Iools Mindow Help =181
[zt ereale|eriQalens NROER FEAHED
BRI EE ST I R T S T PARL T

|[rzexseit|anaado]|sass||samssanlf ~| 8 % [ottsurt

EHULL

& SvstemBloc
a6 sal

fcommand>

Ready [ [PW1.0 1,000 [= %= (05556 V=0,000000, 2125381055 |Long=00, Lat =00 L 284, Col &

lnnovative Ship and Offshore Plant Design, Spring 2017, Myung-ll Roh ’!dlﬂb 7

Hull Form Design of a 320K VLCC
- Cp Curve

EZHULL] =l® x|
Ifl Fle Edt View Projert Buid ook Window Help =18l x|
Dedlseez(2][er=acon ¢ RROE[W |
EEE - T T 1 EXS = |
CErdr et ||anaddd|ians]sanenF =] 69 08 [aftsurt Bl
EzHULL -
9 Svaniock v
=94
grat SystemProject
=19
20 st
fst15 —o.zsr 0 me 4 10,0081 10000
fotapine| {E I i
fortopine HERE: i i
forcertine BE i e
forpro e 1
forten fanan i
i e
raa
-
sas
Pt
st_fp =~
stfp2
W
w2
Futg
fspl
fsp2 - sz 1 - 30000 MC25.00 %
2 xedgeron, EOERE Hoommimay
., xedge100] @ opun oo aoGe
wedge1on] R e
5 sysenslod_sold § g wew IR
T — 1|
EzHULLT
X [generate hull surface @ Enter Xauriace or XBI0ck namerall surfaces=10> « )
\generate hull surface : Create Surfaces? ( Y[Enter] / N)>y
faftsurl_parrsurf farsurf done, ]
o arareet
lcommand> j
Ready [ [Pw L0 [1.000 [* [¥=320.000000, Y=3+.337343, 7=31501523 [Long.—=0.0, Lat.=0.0 | Ln 96, Col 9 [Read.
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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
Principal 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
lunovative Ship and Offshore Plant Desian, Soring 2017, Myung:ll Roh ’g.mmmn_dl"‘b 2

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

W A1 6 1 200223 150 WEZHULL Wew_2002-05-2 /W10 + A= WLNGWn —(&)x|
e

telp.
DEElsmeEle[erwaalens XrQEnEEEEEES
oo [ SHBKKIB [ R LA BB B[ 2N

|
Ready [~ [PW 1,011,000 [+ [X=151, 441003, v=0,000000. Z=-75 033023 [Long,=0,0, Lat=0.0 Ln 255, Col § [ead
ydlab -
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Hull Form Design of a 145K CMB LNGC
- Surface Model

fools_indow_Help.
?leruq@cons NR0B@ AEHEAEED

SRBIXKIE [ A48 || AN n=|

|

=1 000000, 2=35 448375 [Long, =00, Lat=0,0 | Ln 255, C
sydlab -

= [PW 1.0 [1,000 [+ [, 72 0

Hull Form Design of a 182K Bulk Carrier

Principal Particulars |
Item Value Remark
LOA 292.85 m
LBP 282.7m
Principal B 46.7 m
Dimensions
D 25.8 m
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 -




Hull Form Design of a 182K Bulk Carrier
- Wireframe Model

My Documents#22| KW A 2 -[8]x]

S| - [Ezl
T Fle Edit View Project Bulld Tools MWindow Help =I5l x|
[t mreale| e iQae0 s NRDER FEAHED
B8 | 7=

oo emxxem || €<
|[rzexdsexs|enaaee

EHULL

sasER | | % [asurt

& SvstemBloc

2@l

2% asurt
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* [ave Succosshlly 11 =
lcommand>
lopen projct: e fle nameexan) [Dialog ner)>
pen Successiully 1
jeommand>

Ready [<[PW1.0 1,000 [= [¥=273 (56250, V=31, 468100, Z=28, 111371 [Long,=00, Lat =00 L 6
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Hull Form Design of a 182K Bulk Carrier
- Surface Model

2SHIP -~ [EZHULL - D:WMy DocumentsW2¢2| K2 WA B71 5 & 200214 1817 WEZHULLWNew-2002-06-27W S E T S Wi (el
Tl file Edit View Project Build Tools Window Help REE|

DISH| bR & ¢ ¢ QA aNée XROHE P HEMNEBEH
R B T I AR
rrryset|[anacdoo]|sass||zamsmnlf

5 1K B/C
& SvstemBloc
al

4l
EZHULLI

 [Command> miv =sje
Imittor view : Enter XSurtace or XBlock name(all sutaces(+])>+
imirtor view | (Wireframe, (Suriace or (Both s
imirmor view : (S)how or (Hlide 7>
icommand>

Ready [ [PW 1.0 [1.000 [+ [ 7273 16020

ST, 224 4673 [Long. =00, CaL=00] Ln 350, Cor & |
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Hull Form Design of a 9,000 TEU Container Ship

PﬁncipalParﬁculars|
Item Value Remark
LOA 356.18 m
LBP 341.18 m
Principal B 453m
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
lunovative Ship and Offshore Plant Desian, Soring 2017, Myung:ll Roh ’g.mmmn_dl"‘b 2
Hull Form Design of a 9,000 TEU Container Ship
- Wireframe Model
= EzSHIP - [EZHULL - D:W FZAE 0] L =18 x|
W file Edt View Project el Zlsix|
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Hull Form Design of a 9,000 TEU Container Ship
- Surface Model

n] File Edit View Project Build Tools Window Help
[t mreale| e iQae0 s NRDER FEAHED
BRI EE ST I R T S T PARA T
|[rzexdseit|anacaeo]|ssss|nanns

EHULL

El

Fommand>mly 2%,
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